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ò�ó�L �\øñý�ý¢û�þ µ¬÷lõ úüû��ªù\ýNM �ªùaú�øPOÝõ��=÷v�
QSRUTWVXZY VX\[ R^]`_�a YcbdXZe�f R e`f R bdXZe0b!g VXZh�XZf ] [ a Y�e0eiXZf a Y�b RC_ [`XZeKX ] hjXZkd[Kl�[ a l R^TmR^]`_ja Ynb R Y�eohjXBe a h _ bdXFf a Y�e ]`_j] kdXZY ]
hpg VX ]`R l-X�b�k$l�q VXZY amrtsXZYdX�bug VX r5_ e`e _ja Y VXZhjXZf ] [ a Y _�v kdXKe`XZf a Y�b RC_ [`XKh R l&h�k�e�b _�w f _ hjX sRFr0a b VXZh _ eiX\[Zx
y�XZe r5a b sXZhjXZe
R Y R hjz ]`_{v kdXZe|e a l�q _ e ]`_{v k VXZe a Y ]}VX ]EVXKb VX\~CXZh a l�l VXZe�l a kd[|[ VXZe a k�b�[`X3h�g VX v k R^]`_ja YUbdX ] [ R Y�eil a [ ] bdXo���S�Z�u�C�%�S�!�;x
� ²�W�Z� ��� �����U¡�ÔB­���� ¯ X ]�� �����S�W������� ���^��ÔS���E�d� XZY a Y ] [ VXZf X r¡r XZY ] l�kd¢�h _£VX�k�YdX�[`X\~�kdX ] [ sXZe%b VX ]`RC_ h{h VX\XCx

¤ YdX R k ] [`X R l�l�[ a f�q�X$bdX�f XZeFl�[ a ¢�h sX r XZe}bdX ] [ R Y�eil a [ ] XZe ] ¢ R e VX\X¥e`k�[Fh�g¦k ]`_ h _ e R^]`_ja Y§b�X$e _�r k�h R^]`_�a Y�e
¨Ua Y ] XF© R [�h aBv k _WR l�l a [ ] XZY ]�R k�e`e _ bdXZe _ Ydª a [ r5R^]`_ja Y�e�e`kd[�hjXZe�b _ e ] [ _ ¢�k ]`_�a Y�e|[ R b _{R hjXZe«b�XZe VXZh�XZf ] [ a Y�e VX r5_ e
X ] e`kd[¬h�g R eil-XZf ] e ]`R^]`_ e ]`_�v kdX­bdX­h�g VX r5_ e`e _ja Y VXZhjXZf ] [ a Y _�v kdX ���E��� x«©®X ]i] X r<VX ] q a bdX­XZe ] k�Y¯l�k _ e�e R Y ]Ba k ]`_ h
b!g _ Y ~CXZe ]`_jTmR^]`_ja Y°bdXZe±l�[ a f XZe`e`k�e$l&q z�e _�v kdXZe r5_ e�XZYc²�XZk³b R Y�e�hpg VX r¡_ e`e _ja Y VXZhjXZf ] [ a Y _�v k�Xne`XZf a Y�b RC_ [`XCx Q X
l�[ _ Y�f _ l-X:XZe ] bdX8ª RC_ [`X®k�Y VXZf£q R Y ]`_ h�h a Y�Y R^T X®e ]`R^]`_ e ]`_�v kdX®bug VX\~ VXZYdX r XZY ] e TWVXZY VX\[ VXZe8bdX8ª R
´f a Y R h VX R^]iam_ [�XCxmµ�h�hjX¶l-X\[i·
r X ] bdX�e`k _ ~¸[`X�hjX ] [ R Y�eil a [ ] bug¦k�YdX�l R [ ]`_ f\k�hjX sR l R [ ]`_ [|bdX�eiXZe _ Y ] X\[ R f ]`_�a Y�e|e`k�f\f XZe`e _ ~CXZe R ~CXZf6hjXZe|b _�¹%VX\[`XZY ] e
f a Y�e ]`_j] k R Y ] eUb�kºe a h _ bdXCx«»�YGb VXZY amr ¢�[`X¼l&h�k�e _ XZk�[�e}~ R [ _{R Y ] XZe$bdX¼f X ]i] X r½VX ] q a b�XC¾«b a Y ] h�g VXZY¸k r½VX\[ R^]`_ja Y
l�[ VXZeiXZY ] XoXZe ] h am_ Y}b!g�¿X ] [�X6X Àdq R k�e ]`_ ~CX�Á

Â Q�R e _�r k�h R^]`_�a YUb _ [�XZf ] XtÃ/Ä����u�!Å
�u�uÆ!Ç§� �|�^�pÈ;�,É�� � ¾�Ê��S�Ë�uÌ�ÍS� � �§� �®�^�ÎÈ;�ÐÏ Þ � ¾ � ÌÑ���Ò� �®�^�ÎÈ;��Ó�Ó�� ¾&X ]
Ô ���u� ©����Ç�����ÕiÖ8���u�d�×� �%�^�pÈ8�,Ó�Ød�ÎÙ XZe ] h Rtr½VX ] q a bdXFh R l&h�k�e�[ VX R h _ e ] X¡l�k _ e v kugIXZh�h�X ] [ RC_�] X VX\~ VXZYdX r XZY ]
l R [ VX\~ VXZYdX r XZY ] hjXZe®l�[ a f XZe�e`k�e�bdX3b _�¹ k�e _ja YBe`k�f\f XZe`e _ ªÑe|b a Y ] h�XZe|h am_ e�e a Y ] ¢ _ XZY�e|b VX\Ú�Y _ XZeuÁ

Û hjXZe8f XZY ] [`XZe®b _j¹ k�e`XZkd[�e"bdX�h R f _ ¢�hjX6Ã VXZhjXZf ] [ a Y�e|h _ ¢�[`XZe:X ] f\Ü3kd[£e _ja Y _{v kdXZe Ù e a Y ] b _ eil a e VXZe R h VX R^]iam_ ·
[`X r XZY ] Ã(hjXZe|X ¹ X ] e%b�X6e ] [�k�f ] k�[`X3f [ _ e ]`R h{h _ YdX�YdX3e a Y ] l R e|l�[ _ e8XZYUf amr l ] X Ù
Ý
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Û h R l R [ ]`_ f\k�hjX�eiX�b VX\l�h R f X�h _ ¢�[`X r XZY ] b R Y�e�h R f _ ¢�hjX|XZY ] [`X�bdXZk�À VX\~ VXZYdX r XZY ] e|e`k�f\f XZe`e _ ª(e\x¸ï a Y¡l R [i·

f a k�[�e®ª a [ r X3b a Y�f�k�YdX�h _�T YdX«¢�[ _ e VX\XC¾�e a Y VXZYdX\[ Tm_ X�X ] e R b _ [`XZf ]`_�a Y VX ]`R Y ]%r0a b _ Ú VX\XZe|h a f R hjX r XZY ]
sR f�q RCv kdX _ Y ] X\[ R f ]`_ja Y!x

¤ YdX5l R [ ]`_ f\k�hjXtÃÑl�[ a ²iXZf ]`_ hjX¡X ]�VXZhjXZf ] [ a Y�eoh _ ¢ VX\[ VXZe Ù XZe ] e`k _ ~ _ X�bdX\l�k _ e�hpgIXZY ] [ VX\X}bdX5h R f _ ¢�h�X a k¼bdX\l�k _ e
e a Y­l am_ Y ] bdX¡f [ VX R^]`_ja YU²`k�e v kug sR h R e a [ ]`_ X¡bdX¡h R f _ ¢�hjXCx Q X r5_ h _ XZk VX ]`R Y ] q amr0aCTdsXZYdXC¾;h R l�[ a ¢ R ¢ _ h _j]EVX
b!g _ Y ] X\[ R f ]`_ja Y×XZe ] f a Y�e ]`R Y ] X ]ia k ]¡R kch a Y T bdXUh R­] [ R ²�XZf ]iam_ [`XCx®»�Y R [`[\¿X ] X�b�XUe`k _ ~¸[`X¬h R l R [ ]`_ f\k�h�X
v k R Y�b¼XZh�hjX}e a [ ] b�XFh R f _ ¢�hjX a k v k R Y�b¼e a Y VXZYdX\[ Tm_ X}b�X\~ _ XZY ]o_ Ydª VX\[ _ XZkd[`X sR h R ¢ R [�[ _(sX\[`XFb�XFe`kd[�ª R f XCx
y R Y�e:h�XZeWf a h{h _ e _ja Y�e VXZh R e ]`_{v kdXZe;bdXZe VXZhjXZf ] [ a Y�e R ~CXZf�h�XZeWY a z R k�À-¾mh�g VXZYdX\[ Tm_ X|bdXZe VXZhjXZf ] [ a Y�e;XZe ] f a Y�eiX\[`~ VX\X
r¡RC_ e®hjXZkd[ ] [ R ²�XZf ]iam_ [`X�f�q R Y T X�bdX�b _ [�XZf ]`_ja Yux�ð VXZY VX\[ R hjX r XZY ] ¾�f XZe|b _�¹ k�e _ja Y�e VXZh R e ]`_�v kdXZe®e a Y ]®] [ RC_j]EVX\XZe
sR h�g RC_ bdX¶bug¦k�Yol aC] XZY ]`_ XZh¸bdX ] z¸l
X|ñ<ò^ó¡ô ·`õ;ö ô3l a kd[;b VXZf [ _ [`X|hjX®e a h _ b�XCx Q XZe;f a h�h _ e _ja Y�e VXZhjXZf ] [ a Y�· VXZhjXZf ] [ a Y
l�[`XZY�YdXZY ] XZY3f amr l ] X¶h R b _�¹ k�e _ja Y�bdX"hpg VXZh�XZf ] [ a Y _ Y�f _ bdXZY ] X ] hjX;[`XZf\k�hmbdX"hpg VXZh�XZf ] [ a Y6f _ ¢&hjXCx Q XZe�f a h{h _ e _ja Y�e
_ Y VXZh R e ]`_�v kdXZe R ~CXZf�hjX TmR^÷ bug VXZhjXZf ] [ a Y�e|e a Y ] e a k�~CXZY ] f R h�f\k�h VX\XZe sR h�g RC_ bdX«bdX�h R3] q VX a [ _ X�b _øVXZhjXZf ] [ _�v k�XC¾EX ]
h�XZe _ja Y _ e R^]`_ja Y�e|bdXZe�Y _ ~CX R k�ÀtbdX3f\Ü3kd[�e a Y ]�] [ RC_�]EVX\XZe R ~CXZfKhjX�ª a [ r5R h _ e r X�bdX�Ä��EùW�CÌ����ËÍ�Ì �ÐÉ
Ó�� x

Â Q g R l�l�[ a À _{r5R^]`_ja Y¡b�k0[ R hjXZY ]`_ e`eiX r XZY ] f a Y ]`_ Y¸k$Ã a kUúøû�ô ��ö ô
ò û�òmü�ü � ûmý ö ô�þ ·/ÿ ûCý"ô ������� û %dö��¡����ö û�ô Ù ÃÑl R [
� Å
�uÌ���Æ!�-�¬� �u�^�pÈ��ÐÉ	�¸�ÎÙ f a Y�e ]`_�] kdX8k�YdX8e _�r l�h _ Ú�f R^]`_ja Y6b�XZeWf R h{f\k�h�eWl�[ VXZf VXZbdXZY ] e\x µ�YKX ¹ X ] ¾ a Y�YdX®l�[`XZY�b
XZY}f amr l ] X v kdX«h�XZe�b _�¹ k�e _�a Y�e sRoT [ R Y�b R Y T hjX«XZY}e`kdl�l a e R Y ] k�Y5[ R hjXZY ]`_ e`e`X r XZY ] f a Y ]`_ YEkFXZY ] [`X�b�XZk�À
b _�¹ k�e _ja Y�e\x:©8XZe�q z¸l aC] q sXZeiXZe5e a Y ] ²ik�e ]`_ Ú VX\XZe�l a kd[�k�YdXBl R [ ]`_ f\k�hjX v k _ e`kd¢ _�] k�Y T [ R Y�bnY amr ¢�[`XBbdX
f a h{h _ e _ja Y�e sR l-X ]`_j]B] [ R Y�e`ª�X\[ ] b!g VXZY�X\[ Tm_ X­e R Y�etf£q R Y T X r XZY ] b�X±b _ [`XZf ]`_ja YÒX ] k�YÒl-X ]`_j] Y amr ¢�[`X¥bdX
f a h{h _ e _ja Y�e sR3T [ R Y�b R Y T hjX%e R Y�e"l-X\[ ] X%b!g VXZY�X\[ Tm_ XKÃ(f a h{h _ e _ja Y�e VXZh R e ]`_�v kdXZe�e�kd[�hjXZe¶Y a z R k�À5l R [�X À�X r l�hjX Ù x
Q X¬[ R hjXZY ]`_ e`e`X r XZY ] XZe ]<VX\~ R h{k VXUl R [}h R ª a [ r k�h�X¬bdX$�����-�!�-¾"hjXZe¡b _�¹ k�e _ja Y�eKl R [FbdXZe0l aC] XZY ]`_ XZh�e5bdX
] zEl-X�
%k ] q�X\[`ª a [£b VXZf [ R Y ]EVXCx«©®X ]i] X r<VX ] q a bdX�XZe ]Br0am_ Y�e¡l�[ VXZf _ eiX v k�XUh R l�[ VXZf VXZb�XZY ] X r5RC_ e¡l-X\[ r X ]
b!g R f\f VXZh VX\[�X\[�f a Y�e _ b VX\[ R ¢�h�X r XZY ] hjXZe|f R h�f\k�h�eZx

Â Q X r0a b sXZhjX¼bdXZeUf a h�h _ e _�a Y�e r k�h ]`_ l�hjXZe¥Ã
��ÍSÍW���u�«��� ��Ó��ÎÙ eZg R l�l R [`XZY ] X R kGl�[ VXZf VXZb�XZY ] x���h3l R [ ] bdX
hpg¦q z¸l aC] q sXZeiX v kug¦k�YdXKf a h{h _ e _ja YUl�[ a b�k _j] k�YdXKª RC_ ¢&hjXob VX���X À _ja Y R Y T k�h RC_ [`XCx�� R [3f a Y�e VX v kdXZY ] k�Y T [ R Y�b
Y amr ¢�[�X6bdXof a h{h _ e _ja Y�e®l
XZk ] ¿X ] [`Xof a Y�e _ b VX\[ VXKf amr¡r Xok�Y�X6eiXZk�hjX��Îúøû ����ö ü ö û�ô � ò �Î��ö��u� ����[`X T [ a kdl R Y ] hjXZe
X ¹ X ] e�bdXKl�h�k�e _ XZkd[�e|f a h�h _ e _ja Y�e _ Y�b _ ~ _ b�kdXZh�hjXZe\x�©8X ]i] X r<VX ] q a bdX R×VX ]¸VX5k ]`_ h _ e VX\X6l a kd[�bdXZe VXZhjXZf ] [ a Y�e�bdX
T [ R Y�bdX VXZYdX\[ Tm_ X�Ã������ ÷�� X� Ù ¾dhjX�[ R hjXZY ]`_ e`eiX r XZY ] bdXZe VXZhjXZf ] [ a Y�e VX ]`R Y ]¡VX\~ R h�k VX�e`kd[¶k�YdX%h a Y T k�XZkd[�b�k
] [ R ²�X ] XZY ] [`X�bdXZk�À0f a h�h _ e _ja Y�e r k�h ]`_ l�h�XZeWf a [�[`XZeil a Y�b R Y ]�sR k�Y�X�~ _ Y TC]`RC_ YdX�bdX«f a h�h _ e _�a Y�e _ Y�b _ ~ _ b�k�XZh�hjXZe\x
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Q XZe�b VX\~ _�R^]`_ja Y�eSbdXZe!b _ e ] [ _ ¢�k ]`_�a Y�e&e ]`R^]`_ e ]`_�v kdXZeuX À�l VX\[ _�r XZY ]`R hjXZe�l R [�[ R l�l a [ ]"sR h R b _ e ] [ _ ¢�k ]`_�a Y«bdX � ��ÌÑ� Õ
�Ë�S� a Y ]BVX ]EVX6[ VXZf X r5r XZY ] b _ e`f\k ]¸VX\XZe|l R [   ÌÑ�S��Æ!�!Ç �Ø×&Éd� xo��h-[`X r5R [ v kdX v kdX3e _ h R e ]`R^]`_ e ]`_�v kdX�bug _ Y ] X\[ R f ]`_ja Y
bug¦k�Y¬l�[ a ²iXZf ]`_ hjX3b R Y�e%k�Y¬e a h _ bdX3e`k _j] k�Y�X6h am_ bdX � �!Ì(�Ë� ���;¾&f XZh R YdX6b am_j] XZY R k�f\k�YdX3ª R
´f a Y _�r l&h _�v kdX\[ v kdX
h R b _ e ] [ _ ¢&k ]`_ja YKbdXZe VXZhjXZf ] [ a Y�e VX r5_ e:XZe ]0VX TmR hjX r XZY ] k�YdX%h am_ bdX � �!Ì(�Ë�Ë�S�;xmµ¶Y5l R [ ]`_ f\k�h _ X\[Z¾Ch a [£e v k�X�h�g VXZYdX\[ Tm_ X
r0a zCXZY�YdXiÛC� b VX\l a e VX\X¥l R [}h�X$l�[ a ²�XZf ]`_ h�X$e`kd[}h R l�[ a ª a Y�bdXZkd[ r0a zCXZY�Y�X�bug VXZf£q R l�l-X r XZY ] bdXZe VXZhjXZf ] [ a Y�e
Ã
ÛC�Üa�Ý�ÞÕß�à9Þ Ù XZe ] ¢
X R k�f a kdlBl�h�k�e�l
X ]`_�] X v kdX�h�g VXZYdX\[ Tm_ X r5R À _�r5R hjXÄát�KâFã%ä v k _ l-XZk ] ¿X ] [`X ] [ R Y�eiª VX\[ VX\X sR k�Y
VXZhjXZf ] [ a Y}b R Y�e¶k�YdX�f a h�h _ e _ja Y�¢ _ Y RC_ [`XC¾Ch�g VX r5_ e`e _ja Y VXZhjXZf ] [ a Y _{v kdX�eiXZf a Y�b RC_ [`X|XZe ] l�[ _ Y�f _ l R hjX r XZY ] b VX ] X\[ r5_ Y VX\X
l R [8h R b _ e ] [ _ ¢�k ]`_ja Y�bdXZe _{r l�k�h�e _ja Y�e6át�¡xd©®X ]i] X�b _ e ] [ _ ¢�k ]`_ja Y�e\g R l�l R [`XZY ] X sR k�YdX«b _ e ] [ _ ¢�k ]`_ja Y0bdXÄ¬:���!Ç-�uÆ
R ~CXZf�k�Y§l _ f VX ] [ am_j] l a kd[5h�XZe0l-X ]`_j] XZe0~ R hjXZkd[�e5b�Xbát� Ã
áÇ�>Ùå¥±X� Ù X ] k�YdX v kdXZkdX$bdX¬b _ e ] [ _ ¢�k ]`_ja Y<bdX
] z¸l-X � Æ��
�����	¡E�S�uÇ×l a kd[KhjXZe T [ R Y�bdXZeo~ R hjXZkd[�eKbdXæát�¡¾ v k _ ~ R [ _ XFXZY Ã
áÇ� Ù ¹ È x"©8XZe T [ R Y�b�XZe6~ R hjXZkd[�eKbdX
áÇ� f a [`[`XZe`l a Y�bdXZY ]¬sR k�Y T [ R Y�bnY amr ¢�[`XBbug VXZhjXZf ] [ a Y�e¡h _ ¢ VX\[ VXZe¬Ã�çèaåáÇ�<Æ�é Ù x�ê _ XZY v kdXBh R l�h�kdl R [ ] bdXZe
VXZhjXZf ] [ a Y�eoh _ ¢ VX\[ VXZe3Y�X5e\g VXZf�q R l�l-XZY ] l R e3b�X�h R f _ ¢�hjXC¾uh R b _ e ] [ _ ¢�k ]`_�a YUb�k¥Y amr ¢�[`X5b!g VXZh�XZf ] [ a Y�e VX r5_ e�[`X�� sX ] X
Y VX R Y r0am_ Y�e�h R b _ e ] [ _ ¢�k ]`_ja Y _ Y ] X\[�YdX}XZYZç ¹ È ¾ v k _ XZe ] l
XZk R�¹ XZf ]EVX\XUl R [0hjX ] [ R Y�eil a [ ] X ] h R ¢ R [`[ _�sX\[�XFbdX
e`kd[�ª R f XCx�T _ Y�e _uR ~CXZfKbdXZe�l�[ a ²�XZf ]`_ hjXZe%h VX T X\[�eZ¾
f amr5r XohjXZe|l�[ aC]ia Y�e\¾ a Y¬l-XZk ] e\g R^]i] XZY�b�[`X sR k�YdX6b _ e ] [ _ ¢�k ]`_ja Y
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Q g _ b VX\X v kdX�hjXZe VXZhjXZf ] [ a Y�eKáobdX3f a h�h _ e _ja Y�e�¢ _ Y RC_ [`XZe8l�[ a ²iXZf ]`_ hjX · VXZhjXZf ] [ a Y¬e a Y ]osR h�g a [ _jTm_ YdX�bdX3h�g VXZh R [ Tm_ e�eiX r XZY ]
b�XZe�b _ e ] [ _ ¢�k ]`_�a Y�eSb�XZe VXZhjXZf ] [ a Y�e VX r5_ e�l R [�[ R l�l a [ ]«sR k�YdX«b _ e ] [ _ ¢�k ]`_ja Y�bdX � �!Ì(�Ë� ��� R±VX ]EVX�b VX\~CXZh a l�l VX\X�l R [
�����!Í�� �,Ø�� l a kd[¶X À¸l&h _�v kdX\[¶eiXZe¶X À�l VX\[ _ XZY�f XZe R ~CXZf�b�XZe¶f _ ¢&hjXZe r<VX ]`R h�h _�v k�XZe VX\l RC_ e`eiXZe�Ã�T«h�¾�©®k¡X ] T�k Ù X ] bdXZe
_�a Y�e����§X ] �%X����cbug VXZYdX\[ Tm_ X�b R Y�e«hjXob amr5RC_ YdXKb�k ¨ X� ox�»�YUl-XZk ] Y aC] X\[ v kdXP�0�CÆ��%�n� �8�^�pÈ;�ÐÏ��K���d� a Y ]
VX TmR hjX r XZY ]¡VX\~ a¸v k VX�hjX�[�¿a h�X%bdXZe VXZh�XZf ] [ a Y�e8bdX%f R e`f R bdX�l a kd["X À�l�h _�v kdX\["hjXZe¶b _ e ] [ _ ¢�k ]`_ja Y�eWb�XZe VXZhjXZf ] [ a Y�e VX r5_ e
l R [�bdXZe�f _ ¢�hjXZe:bdX%f R [�¢ a Y�X�¢ amr ¢ R [£b VX\XZe"l R [�b�XZe _ja Y�e��«XC¾�©nX ] »¯bug VXZYdX\[ Tm_ X%l�h{k�e VXZhjX\~ VX\X5Ã�� aÜ� ¨ X� Ö k Ù x

Ò�k R Y�b3k�Y�l�[ a ²iXZf ]`_ hjX"l VXZY VX ] [�X8b R Y�e�k�Y3e a h _ bdXC¾ _ h b VX\l a e`X¶k�YdX:l R [ ]`_ X�bdX¶e a Y VXZYdX\[ Tm_ X�b R Y�eSh R l�[ a ª a Y�b�XZkd[
r5a zCXZY�YdX}bug VXZf�q R l�l
X r XZY ] bdXZe VXZh�XZf ] [ a Y�eol R [obdXZe ] [ R Y�eiªÑX\[ ] eKe`k�f\f XZe`e _ ªÑe6bug VXZYdX\[ Tm_ X±át� R k�À VXZhjXZf ] [ a Y�eob�k
e a h _ bdXCx
ï _ua Y$e�kdl�l a eiX v kdX6h�g a Y$l-XZk ] e`f£q VX r5R^]`_ eiX\[�f X6l�[ a f XZe�e`k�e�XZY$hjXob VXZf a k�l R Y ] ç ] [ R Y�f£qdXZe�bdX ] X r l�e
_ bdXZY ]`_{v kdXZeSbug¦k�YdX¶b�kd[ VX\X�Û! !b�kd[ R Y ] hjXZe v kdXZh{hjXZe�h R l�[ a ¢ R ¢ _ h _j]¸VX"bugIX Àdf _j]`R^]`_ja Y�bug¦k�Y VXZhjXZf ] [ a Y#"%$|XZe ] f a Y�e ]`R Y ] XC¾
R h a [�e|h R l�[ a ¢ R ¢ _ h _j]¸VX�& ´ bugIX Àdf _j]`R^]`_ja Y¬bdX|` VXZhjXZf ] [ a Y�e�l-XZY�b R Y ] hjXZe�ç ] [ R Y�f�q�XZe�bdX ] X r l�e�XZe ] b a Y�Y VX\X3l R [
k�YdX¶b _ e ] [ _ ¢�k ]`_ja Y�¢ _ YS¿amr¡_�R hjX v k _ eiX¶[ VXZb�k _j] b�X¶ª RC_j]�sR k�Y�X¶b _ e ] [ _ ¢�k ]`_�a Y3bdX � �!Ì(�Ë� ���}f R [6ç('*) X ] "%$�',+�x
»�Ytl-XZk ]FVX ] XZY�bd[`XKf X r0a b sXZhjX3XZY¬Y aC]`R Y ]�v kdXoe _ `¥XZe ] hjX3Y amr ¢�[`X6bug VXZhjXZf ] [ a Y�e VX r5_ e|l R [«h R e`kd[`ª R f XC¾-"%$0XZe ]
R h a [�e«h R l�[ a ¢ R ¢ _ h _j]¸VX3l a kd[ v k�XohjXZe VXZhjXZf ] [ a Y�e�X Àdf _j]EVXZe sR k�Y�X6l�[ a ª a Y�bdXZk�[«b a Y�Y VX\X R [`[ _ ~CXZY ]0sR h R e`kd[`ª R f X6X ]
h R�] [ R ~CX\[�e`XZY ] x

Q XZeKh am_ e�X À�l VX\[ _�r XZY ]`R hjXZe r XZe`kd[ VX\XZe VX ]`R Y ] b _�¹%VX\[`XZY ] XZeKbug¦k�YdX¡h am_ l am_ e`e a Y�Y _ XZY�YdX0e a Y ] k�Y�X _ Y�b _ f R^]`_ja Y
v kug¦k�Y R k ] [`X}l�[ a f XZe`e`k�eoXZY ] [`XBXZYU²�XZknf a Y�f X\[£Y R Y ] h�g VX r5_ e`e _ja Y<eiXZf a Y�b RC_ [`XC¾ v kdX¬�����!ÍS�¯e`kdl�l a eiXU¿X ] [�XBh�X
l&q VXZY amrBsXZYdXFb�X5f R e`f R bdXZe\¾Wb VXZf [ _j] f amr5r X¡e`k _j] Áce _ f�q RCv kdX VXZhjXZf ] [ a Y­X Àdf _j]EVX R k�Y�XKl�[ a ¢ R ¢ _ h _j]EVX r5a zCXZY�YdX
f a Y�e ]`R Y ] X�"�Þ%b!gIX À�f _j] X\[«k�Y R k ] [`X VXZhjXZf ] [ a Y$b�k�[ R Y ] hjX ] X r l�eKÛ! ø¾ R h a [�e�h R l�[ a ¢ R ¢ _ h _j]EVX ]iaC]`R hjX." ½ l a kd[ v k�X
h�X g · sX r X VXZhjXZf ] [ a YUe am_j] h _ ¢ VX\[ VX3XZe ]%R h a [�euÁ " ½ a "%$K¸ Ã g4À � Ù "�Þ Ã~�^xÁ¢k� Ù
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� A �Gú ç i 9z�<øm{ ê � i ��8�ú ç i 9r|}�Gú+9 hw=�~�? 9 =B�1ùThw=mû ç � x�� � Î N�;B0 á^�1á ��â
�Fò�ó þ 243�c á kqó���â�ó�ñ
d{å w ><3MC
TqNIno>-=IRV2UNo$73�6IN8sE�W=�EM3�JD3�683M2UE�$G24@AJD2UE4å�$9L24@AJ�2,êE���/�psGE�J�R4E4å	 �CSB�; ì ÿPå��/BD2U=%6�^��{@�2UE�EUå w 2)(wÍ+*{C-@ �í ���£¢kÍSîc;ß ���yà�0 á�� ã 3 ��� � âP¬Få@0 á k á!� ãIâ�ó�ã þ å@c á!� � ö � þ å@� á kqó õ ²p²%ãIñ�å'0 á^��á�ô ó�ä�ó���â�ó
��d�å� é � i ú+978Aø ç ù>=�D 6B8 ç D���x 9 ?:? 9 hw=?ù}� ��$7HI@AJK=8~-24@g �@A>-RV3�EqJ�=�Ò�C7N824@c=��9�%s7EAJ�R4E4åí �CSBa;�Ç ì�ì å�$7HI@AJK=8~-24@MÍ
 �24@AB�><~ í �����d��îc;ß e +oàQ¬ á c ám�]õ ãI¬
�7å�0 á k á6  â�ão¡d¡ õ ãI²[d{åæ#ç «7è �'8:9 è7ù>=@? ú i�è å H'HFí ���£¢k¤Sî÷��Í�¤7;ß e �³àQ¬ á c ám�]õ ãI¬
�7å�0 á k á6  â�ão¡d¡ õ ãI²[d{åa è C�b@b ø èGé/ê-ë@?Uè å H�×Fí ���£¢k¥Sî ­ ¤��d�<;ß e�e à�� á 0 ám�]õ ä � å ý�á6  â õ ò õ ����å
�
6 i ® è �'8:9 è åPÇ<;�� í>� ��Í�ÍSî~¥�¤��7;ß e ¤yà�c ám� � ö � þ å'0 á�� ã 3 ��� � â�¬�å-0 á k á�� ã�â�ó�ã þ å÷ 6B8Aø èGùu=-? ú i�èFA ç ú ê�èIû å�Ç�& í>� ��Í��Sî~� e ¤7;ß e ­ à�c ám� � ö � þ å'0 á�� ã 3 ��� � â�¬�å-0 á k á�� ã�â�ó�ã þ åe ê ç hNi|ë%è8é/ê-ë@?Uè æ�ç «%èIû å'& ×�í>� ��Í£¢-î~¥<+£��¤7;ß e ¥yà�c ám� � ö � þ å'0 á�� ã 3 ��� � â�¬�å-0 á k á�� ã�â�ó�ã þ åe ê ç hNi|ë%è8é/ê-ë@?Uè æ�ç «%èIû å'& ×�í>� ��Í£¢-î~¥ ��� +G;ß e �yà�0 á k á ,#��ðFó�ñ
d�¬Få ô�á ¬{ó���¬ þ ��âPäPãIñ�åIü á ý�á c]ñ õ�þ ¬%ó�å ý�á c á «#ó�ñló �Põ ��²pó�åa è8é/ê-ë@?Uè {:åPÇrÇ í>� �£¢kÍSîW�mÍ�¥ � ;ß e ¢�àQ¬ á k á�ï ãI²�d�òqó�äxå-0 á q á ��óBlFãIñ�å� p 6 =�D � x ç = ú��<ø ?#h ®2�
6 i ®7��8 ç � =�D e ê 9 =�p 9Kø x C = �<ø ëF? 9 ?�� � w C-@�3����qCSB�B�>-=IN�å w 2)(.Í+*{C-@T� í>� ��Í��Sîc;
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`ß e Íyà�0 á � á�ï ãIñ�ä��ó�ä�d�ã'�w5 . ó�ñ�ãIó�å ��á ¬ õ ²[�Vã-��� õgþ ¬Få  �á k þ4õ ²%²Só � å ýmáxý��óF¬-l9å ï�á6  óF² 3 óI¬Få÷ 6<8Aø èGù>=@? ú è@A ç ú êPèIû å�Ç � ÿ í>� �����Sî~¤�¥7;ß e �yà 1�á « á�ï:õ ñ þ � 3 å
� h�«7èIé9êSëF?�è a � e é {:å'; í>� ��¥��Sî � +�¢k�7;ß ¤<+oà�� á 0 á�ô ó õ ²%²Só�ñ
d{å@0 á k áE� � õ �<óI¬Få-c á�ý óI¬lð
��� þ ð õ å'0 á�ý ãIò õ ²%² õ ã@�
 �å'� á c¡�
�<ó þ åé/ê-ë@?Uè æ�ç «%è C å�Ç ×�í>� �£¢�¢-î e ¤ e ¤7;ß ¤ � à�0 á^�1á{ô ó�ä�ó���â�ó
��d{å@� á kqó õ ²p²%ãIñ�å
��6 i ® è ��8:9 è å�ÿ-& í>� �£¢k�Sî ­ ��Í7;ß ¤ e à�� á{ô ñ�lm� õ ä þ ð õ åé/ê-ë@?Uè æ�ç «%è C å�Ç<&�ÿ í>� ����¥Sî~¤<+£¥7;ß ¤�¤yà ��á!� ó þyþ ãI²%ð�ó�ò�­lå� é � i ú+9+8Aø ç ù>=�D 6<8 ç D���x 9 ?T? 9 hw=tùAù}� ��$7HI@AJK=8~-24@� F@A>-RV3�E�J�=�Ò�C7NI24@A=��/�psGE�J�R4E4å�¢�CSBa;lÇ ì &PåF$GHI@AJ�=8~-24@�Í
¢�24@cB�><~ í>� ��� � îc;ß ¤ ­ à£q á41�á�� �m¡7ã�ñ�å
��8�� =@= 9 =B��A 978 i¤hw? 8 h b ë �
6 b@b ø è å H�í>� ���<+pî e ��¥7;ß ¤�¥yà ô�á!� �F²pò ¦ãIäxå�« áM -3 ãIä þ�þ �Fäxå@0 áM  ��â
���xå �1á� rõ�� ò¥�Pä�d�åé/ê-ë@?Uè æ�ç «%èIû å ì���í>� �£¢k�Sî e�e ­ ¢%;ß ¤��yà ô�á!� �F²pò ¦ãIäxå�« áM -3 ãIä þ�þ �FäxåFc á «v��ñ ¦ãIäxå÷ 6<8Aø èGù>=@? ú è@A ç ú êPè å�Ç7ÿ À�í>� ��Í � î~¥ e ¤7;ß ¤£¢�à  xá n¤�râ õ ò¥�Pñló�å ýmáM  â õ ò õ ���xå
��6 i ® è ��8:9 è åPÇ�Ç ìPí>� ��Í � î~¤�Í��7;ß ¤�Íyà�� á 	_ó�äPãIð���åé/ê-ë@?Uè æ�ç «%è C å H & í>� ��� � î ­ ¢kÍ<+G;ß ¤��yà ��á 	�� þ �râPó�ñ�å�	 á 	_ñ��FäPã ö ãIñ � ãIñ�å�c á k#²���� 3 ó þ å�� á «v�
��ð�â�ó�ñ
d{å�q á ��ã-��ð ö ó��râ�å1�ám� ã õ ²8å'0 á 	mãIòqò#²pã�ñ�å �?áxý ��¬lâ�óFñ
d�å'	 áz1�áxô ñ�¦�ä�ã 3 ãI²�d�å ýmáM  ��âPñló�ò#ò1å �?ár��á «�ãI¬
�7åé/ê-ë@?Uè æ�ç «%è C å H���í>� ��Í��Sî~¤���¤ e ;ß ­ +oà�� á 	�� þ â õ ð�ó���ó�å ýmáM  â õ ò õ ���xåa è-h ® é9êSëF?Uè å@§E� í>� �£¢ ­ î � ¤<+£¤7;ß ­ � à ý�á ¬�ó
� ö ãIñG¬�åù>���y� e i � =@?Uè ÷ 6<8Aø è �'8:9 è å@¨ª©'« ìo×Fí>� �£¢k�Sî � + e +G;ß ­ e à ô�á ¬�ó�ð õ ¬ þ å ï�á c¡�PòqóBlFñ�å �?á q õ äP¬lãIñ�åé/ê-ë@?UèFs ç úMú è C åFÇ�&-; í>� ��Í��Sî~¤���¥7;ß ­ ¤yà�0 á ¬ õ ä�dFâ�ó�ñ
d{å@� á�  ��â�óFñ	¡S¡råé/ê-ë@?Uè æ�ç «%è å�Ç ìFH�í>� ��� � î ��e Í7;
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LNM OQP M RTS:UWV ÐQX M Y[Z]\ X V Ð M ^�U_Y�`ß ­-­ à�0 á ¬ õ ä�d�â�óFñ
d�å-� á�  ��â�ó�ñ	¡d¡rå �?á , á�  ��â õ ��¬l¬FåA �Gú è-pPë@?Uè-A ç D@DrèF® � =Pè2¯ 9 D�è � ç ø ? G è å-&-& í>� ����¤Sî � ­ ;ß ­ ¥yà�0 á ¬ õ ä�d�â�óFñ
d�å@c á q õ äP¬lâPãIñ�åA �Gú è_°7p�ë@?Uè'A ç Drè å'& HFí>� ��� ­ î ­ ;ß ­ �yà ô�á �±��² õ �ãIñ�ã�å² è ÷ �GúT6 i ® hNi:? 8 ê�è å'&ol í>� � ­ ÍSî ¢kÍ7;ß ­ ¢�à��³�Pñ	­Iâ�l9O�E.B�>´(�åEM242 � e ê ç �'8:9 ç = ú+9 ? úµ� b ç 8N6Søz�Gú ç ?
¶ � = C = ú ê'h ø h}�<ë·h ® é � i úaø ë�û �wG ç D�ù�D ç � ?�� �¸n á 0 á�ô �m�
d Î NP;DåHP; eB��e å í w ; *!;-�9683�=�>-^ � ����¥Sîc;ß ­ Íyà �?á%1�� ó��#ó{å{ü á�  ó�ðFó�òv��¬
�{å�n á 	_óI¬póBlIó�òqó�åm� á¥� ó�ñ���lIó�òqó�å2� á|  ó õ ¬
��å�	 á ��� þ â õ dló�å
� á ��� þ ó�ð õ åF� áM  �
���Pð õ å-	 á 	 õ ò#��ñló�åé9êSëF?�è æ#ç «7è C å À@HFí>� �����Sî~¥<+ e ¢%;ß ­ �yà�	 á21 â�lIó{å ï�á c¡�PòqóBlFñ�å �?á q õ äP¬lãIñ�åé9êSëF?�è æ#ç «7èIû å H�×Fí>� ��� e î~¤ � + � ;ß ¥<+oà�0 áDý�á4� ñ�ã þ ����¬l¬Få÷ 6B8Aø èGùu=-? ú i�èFA ç ú ê�è å�&-; í>� �����Sî � ¢k¤7;ß ¥ � à�, áxý óBl9å ýmá 	 õ ñ þ ��âxå �?ár��á � õ ð�ð�ãI² þ ãIäxå-0 á k áE� � õ �-óI¬�å'0 á�ý ãIò õ ²%² õ ã-�
 �å÷ 6B8Aø èGùu=-? ú i�èFA ç ú ê�èIû å × ; í>� ��� e î � ¤�¤7;ß ¥ e à�� á�ý �� þ ²pã�ñ�åBq á «�ñló
�PãIñ�åé9êSëF?�è �lú��Gú è � h ø è åPÇ ìo×Fí>� ��Í ­ î~� e �7;ß ¥�¤yà�� á�ý��� þ ²pã�ñ�åBq á «�ñló
�PãIñ�åé9êSëF?�è �lú��Gú è � h ø è åPÇ H ÿ í>� ��Í�ÍSî eB� ¤7;ß ¥ ­ à�� á�ý �� þ ²pã�ñ�åBq á «�ñló
�PãIñ�åé9êSëF?�è �lú��Gú è � h ø è åPÇ Ào×Fí>� ��Í��Sîu¹�Í�¥7;ß ¥�¥yà�� á�ý �� þ ²pã�ñ�åBq á «�ñló
�PãIñ�å� é � i ú+978Aø ç ùu=
D 6<8 ç D�� ø ç 8�ú i¤hw=��yx 9 ?T? 9 hw=�ùN� ��$GHI@AJ�=8~-24@¥ �@c>-RV3�E�J�=�Ò�CGN824@A=E�9�%s7E�JKR4E4å-¢�CSBa;�Ç ì�ì å
$7HI@AJK=8~-24@MÍ�¢�24@AB�><~ í>� ��� � îc;ß ¥��yà �?á9ý ��¬lâ�óFñ
d�å�	 á 	mñ��FäPã ö ãIñ � ãIñ�å�c á k#²���� 3 ó þ å
, á�. ã-�³ã�å �1á ¬��Fñ�ãIä
�-ã�äxålü á 	mãI²p²%ãIñ�å
0 á 	_ãIò#ò#²pãIñ�åBq á ��ã-��ð ö ó��râ�å@	 áz1�á{ô ñ�¦�äPã 3 ãI²[d{åé9êSëF?�è æ#ç «7è C å H Ç í>� ���<+pî e ¥ eB� ;ß ¥£¢�à�0 áM  ��â
���xåé9êSëF?�è æ#ç «7èIû å ì�ì�í>� ��Í<+pî eB� ­ � ;ß ¥�Íyà�0 áM  ��â
���xå
�'8�� =@= 9 =B��A 978 iºhw? 8 h b ë�û å ì�í>� ��Í�ÍSî~�<+�¢%;
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LNM OQP M RTS:U_V ÐQX M Y�Z�\ X V Ð M ^�U_Y
`ß ¥��yà �?áM  ã õ ²pãIñ�å² è C =B� çw½ èIé9êSëF?�è å ì�ìPí>� ���£¢-î e ­ �7;ß �<+oà ��á� rõ�� ò#��ä�d�å'	 á « á q õ äP¬lãIñ ö �Fäxå÷ 6<8Aø èGù>=@? ú è@A ç ú êPè å�ÇrÇ�; í>� �£¢ ­ î~¥ ­ � ;ß � � à ��á� rõ�� ò#��ä�d�å  �á �¾��� � óPó�ñ
d�å� ù>= ç øz� ? ú+978 é � i ú+978Aø ç ° �
6 i ®���8 ç { h øKø49 ? 9 hw=-?�� � Î N�;2, á �9ó � ²Só
�PãIñ�243�q áv� ã õ ²pó�ä�d{å2$GHI@AJ�=8~-24@�Í
¢�24@cB�><~8å�ê:24@AB�J�= í>� ��Í � îwHP; e ;ß � e à ��á� rõ�� ò#��ä�d�å� � b 68úMú ç i 9 =F�I¨4ë�é � i ú+978Aø ç û¿hwx±¨ � i)D�x ç = ú ùN� � Î NP; ýmá «�ãIâPñ õ�þ ��âxå'$7HI@cJ�=8~-24@MÍ�¢�24@ABK><~ í>� ��Í � îc;ß ��¤yà ��á� rõ�� ò#��ä�d�å� ùThw= 9 ? �Gú+9 hw=Àh ®�� h ø49 D�? ¨4ë�� ç � «Uë é � i ú+978Aø ç ?�� � Î N�; ýmá «#ó�ñló ��õ �F²Só�å w T! #" T%$<��EM24@AJD2UE4å
¢�CSB�;'& ��× å-�/BD2U=%6�^�å w 2)(.Í+*{C-@:�rå í>� ����¤Sî.HP;�¥��7;ß � ­ à ô�á�  ¬pó
��dFãIäPòqó õ ã�ñ�å<q áz1�á�� �4¡GãIñ�å �?á ¬ õ ã ö ²Iåù>= ú è a è-A � ?T? � b ç 8�ú iyè%ùThw=�é/ê-ë@?Uè å ì Ç í>� �£¢k�Sî � +£¤7;ß ��¥yà�, á 0 áM  ¬lãIñ�ä � ²Só þyþ åé/ê-ë@?Uè æ�ç «%è å�Ç � ÿ í>� ��¥£¢-î � ;ß ���yà�0 á q á �/ó4­Iãlå@q á � á{ô]õgö�þ ��ä�å�0 á�ý ãIò õ ²%² õ ã@�
 �å ý�á ¬{ó
� ö ã�ñ7¬Få �?á , á q±ã � äPãIñ�åé/ê-ë@?Uè æ�ç «%è@s ç úMú è å�&'& í>� �£¢ ­ î � ¤ e ¥7;ß �£¢�à ï�á ��â���ò�å@q áz1�ám� �m¡7ã�ñ�å
��6 i ® è ��8:9 è å-; �Fí>� �£¢k�Sî~¤�¤ � ;ß ��Íyà  xá �¾��� � óPó�ñ
d{å �1áM rõ�� ò#��ä�d�åé/ê-ë@?Uè æ�ç «%èIû å ìrÀPí>� ��Í e î ­-­ ¥ e ;ß ���yà�� á�. ó�ä�ó�å ï�á c¡�PòqóBlFñ�å�k á ¬{ã�òqãI²%²8å �?á^�1á q õ ä�¬�ã�ñ�åù>= ú è a è-A � ?T? � b ç 8�ú iyè%ùThw=�é�i¤h 8 è åPÇ H ;
Á�Ç Ào��í>� ����¥Sî ­ ¥7;ß ¢o+oà ��ám. ó�ñ � ó�å �?á q õ äP¬lãIñ�å� é � i ú+9+8Aø ç ùu=
D 6<8 ç D�� ø ç 8�ú i¤hw=���x 9 ?T? 9 hw=?ù�ùN� ��$7HI@AJK=8~-24@g �@A>-RV3�EqJ�=�Ò�CGN824@A=��/�psGE�J�R4EUåF¢�CSBa;PÇ ì &�å
$GHI@AJ�=8~-24@�Í�¢�24@AB�><~ í>� ��� � îc;
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Å ÕÇÆ�Ü(ØÈÆ}ÕwÉ�ÕwÊ Þ]ËÊÜ ÌÞ�Ú�Õ-Í ÞÏÎÐÉ�Û(×�Þ]É ÛÑÎ Û(×}Ò�Æ�Þ
Ó Þ�Æ Ó�ØÔÎÈÎ ÌÞ Þ�Æ

ÕEÖ}× Ø�H</MLNG;=;:C-0/657G;H

��¬lñ�ã�d õgþ ­-� þ4õ ¬ õ ¡¡ãF 4­ ¦ãIñ õ òqã�äP¬póF²�@GL24HlCS=IN \>�B�>�=/L2URV2UE�E�JD37L2�N82?HlCS68n-CSJD@]N/L243M24@A^_J�=824@tBD2UE]RVCS=GÍ3M@AJDÉ�6I3�JDCS=IE.J�=IN�JDn7JKNI682UB�BD2UE/N82�Rc�I>-R46I=�N82UE�RVCS^tHlCSE�>-=%3�E#N82UEwHI@ACwÙ|2URV3�J�B�2UE�RVCS^tHlCSE�JD3M2UEq5%6I21=8CS6IE>Un-CS=IE�6I3�J�B�J�E7L2UE4;y��>�^_2UE�68@�29NI2/B�>qEM3�><3�J�EM3�J�576829NI2/BaOWL2U^_J�EAE�JDCS=}L2UB�2URV3M@�CS=IJ�57682/=ICS6IEPHl24@A^t243F=8C-3�>-^!Í^t2U=%3�NI2/RVCS=I=I>}Ú x 3M@�2:B�2UE�HI@AC-É�><É�J�B�J�3%L2UEFN�OzL2U^_J�E�EAJDCS=1N82:+ c´�kc%eSc�f�f�fkc `�L2UBD2URV3M@�CS=�EF243�N82:N/L243M24@A^_J�=I24@�BD2/@�2U=IN82U^_2U=p3L2UBD2URV3M@�CS=IJK5%682�CS6�=8CS^1É�@�2�^tC�s-2U=�N�OzL2UBD2URV3M@�CS=IE�L2U^mJ�E.H�><@.HI@ACwÙ|2URV3�J�B�2�JK=IR4J�N82U=%34;B�WB�2ºÛ8J�EM3M2�N82UEwN�J�EMHlCSE�JD3�JDÑ�E{Hl24@MÍ^t243M3�>-=%31N82!^t2UE�68@A24@�E�2U6IBD2U^t2U=%3�BD2UE�@�2U=IN82U^_2U=p3�E#2UBD2URV3M@�CS=�J�5%6I2UE�>Un<>-=p3�243�><@�@cJ \24@�2t683�J�B�J�EA>-=p3#N82UE�R4><~-2UE�N82Ü ><@A>-N�>UsmHrB�>-R�L242UE/2U=m@�24~S><@AN?N82UE:N82U6BÛtÑg>-RV2UE�N�O�6�=82�R4JDÉ�B�2w^_J�=IRV2-;7�{O�683�J�BKJ�E�><3�JDCS=tN82#RV2UE/N�J�EMHlCSE�JD3�JDÑ�E�É�>-E7L2UE�E�68@N82UE�^t2UEA68@�2UE�N82_RVCS68@c>-=p3�2UEM3�RV24Hl2U=IN�>-=p3�B�JK^_JD3%L242 \>�N82UE�Ñ�>-J�E�RV2U>-6BÛ�@�2UB�><3�JDn-2U^t2U=%31J�=%3M2U=IEM2UE í NI2_BaOQC-@AN8@�2!NI6=I>-=8CS>-^_H \24@�2yî#5%6�JFCS=%3�HlCS68@�RVCS=IE7L2U57682U=IRV2m6I=�@AJKE�5%6I2]N�OQ2U=�N8CS^_^_><~-2U^t2U=%3�N82UE�EMCSBKJ�N82UE4å�E�68@�3MCS683�>�n-2UR_N82UER4JDÉ�B�2UE.^_J�=IRV2UE4;@Ý#2�HrB�6IE4å8BD2UE?L243�6INI2UE�>Un-2UR�N82UE.HI@ACwÙ|2URV3�J�B�2UEw=82U683M@�2UE�EMCS=p3�2ºÛGR4B�6I2UE4;�P2UE�NIJ�E�H�CSEAJD3�JDÑ�ElH�24@c^t243M3�>-=p3xN82:^t2UE�68@�24@�B�>�E�3�><3�J�EM3�J�57682/NI2/BaOWL2U^_J�EAE�JDCS=�L2UBD2URV3M@ACS=IJ�57682/EM2URVCS=�NI>-JD@�2:RVCS=I=I>-J�E�E�2U=p3>-RV3�682UB�B�2U^t2U=p3�6�=�@A24~S>-J�=}N�O�J�=%3%L24@)Ú2434å�^_>-J�E�J�BF2UEM3 \>�=8C-3M24@�57682tB�>?H�B�6IH�><@�3�EMCS=p3�2U^tHrBDC�s{L2UE�HlCS68@�BaOzL243�6IN82tN82BaOWL2U^_J�EAE�JDCS=iL2UB�2URV3M@�CS=IJ�57682!><@�@AJ \24@�2!N82!R4JDÉ�BD2UEq^�L243�>-B�B�J�57682UE�L24H�>-J�E�EM2UEU;��9O�683�J�B�J�EA><3�JDCS=�N82]RV2!~-2U=8@�2!N82]N�J�EMHlCSE�JD3�JDÑHlCS68@F^_2UE�68@�24@�L24n{L2U=82U^t2U=%3�H�><@1L24n{L2U=82U^_2U=p3{B�>qEM3�><3�J�EM3�JK5%682�N82:BaOzL2U^_J�E�E�J�CS=}L2UBD2URV3M@�CS=�J�5%6I2/N82UExN82U6BÛ�Ñ�>-RV2UExN�O�6I=82R4JDÉ�B�2�^mJ�=IRV2�2U=�RVC}Þ x =�R4J�N82U=IRV2�>�n-2UR�BD2�H�@�CwÙ|2URV3�JKBD2�L2U^t24@�~-2U=%3q2UEM3�H�CS6I@w=8CS6IEwN�O�6�=�J�=p37L24@´Ú243#HI@AJ�^_C-@ANIJ�>-Ba;8Ì:243M3M2^�L243��8CGN82_Hl24@A^t243�NPOzL24nGJD3M24@]B�>�N/L243M2URV3�JDCS=�N82UE�L2UBD2URV3M@�CS=�E1N2Ú6IE \>�BaOzL2U^_J�E�E�J�CS=}EMHlCS=p3�>-=:L242?EMCS6IE�BaO�JK=Fß�682U=IRV2!NI6RA��>-^tH�L2UBD2URV3M@AJ�57682.N82.RVCSB�BD2URV3�J�CS=!243{N�O�>-R4RV@�CNÚ x 3M@�2w>-JK=IE�JGB�>¥à�><É�J�BKJD3%L2:N82.=8CSE9^t2UE�68@�2UEU; Î B�BD2�=8CS6IEx>-683MC-@AJKEM2.>-6IE�E�J\>�E7L2UBD2URV3�J�CS=I=824@/6�=t2ºá�243/H��%s7E�JK5%682 \>�L243�6�NIJD24@Uå-2U=�B�J�^_JD3�>-=%3{B�>�N:L243M2URV3�JDCS=?N82UE!L2UB�2URV3M@�CS=IE \>�BaOzL2U^_J�E�EAJDCS=_>-E�EMCGR4J³L242\>_6I= L243�><3#N82�RA�I><@�~-2]N8CS=I=:L21N�6�HI@�CwÙM2URV3�J�BD2�L2U^t24@A~-2U=p34;�Ý#21H�B�6�E4å82UB�BD2�Hl24@A^t243wNI21RVCS^tHI3M24@�BD2UE�L24n{L2U=82U^t2U=%3�EC \6�>-6IR46�=�L2UBD2URV3M@�CS=�=�OQ2UEM3�L2U^_J�EwH�><@�B�>tR4JDÉrBD2-;
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R4JDÉ�BD2t2U=�NI68@A>-B{=I2RVCS^_H�C-@A3�>-=p3�>-6IR46I=I2�><@´Ú243M2�nGJDn-2�>�à�= N82}B�J�^_J�3M24@�BD2�H��:L2U=8CS^ \2U=82�NPOzL2U^mJ�E�E�JDCS=�Ñg@�CSJ�N82-;UTq6 RVCS68@cE?NI2�=8CSE2ºÛGH�L24@AJD2U=�RV2UE4å�B�21ÉI@A6�JD3wN821ÑgCS=IN�>mH�6·Ú243M@�2t><É�>-J�E�E7L2 \>m^tCSJK=IE�N82 � +�L2UB�2URV3M@�CS=IE#H�><@qE�2URVCS=IN82-;PÌ:21HlC-@�3M2VÍ
R4JDÉrBD22UE�3�BK6IJ Í
^�Ú2U^t2!^tCS=%3%L2�E�68@�6I=�^_>-=IJDH�6�B�><3M2U68@ í%zmc�{�c�|oc�} î�H�24@c^t243M3�>-=p3�>-JK=IE�J�NI2!Rc�I>-=8~-24@�N82tR4JDÉrBD212U=�RVCS68@AENPOQ2ºÛ7H�L24@AJ�2U=IRV2-;7��2qRc�8CSJtÛmNI6?R4><@�ÉlCS=82�HlCS68@/BD2UE/R4J�É�BD2UE{2UE�3/^tC-3�JDn{L2�H�><@9H�BK6IE�JD2U68@cEx@A>-J�EMCS=IEUå%B�>1HI@�2U^_J \24@�2�L243�>-=p3EA>�ÉlCS=I=82.3M2U=7682�^�L2UR4>-=IJ�57682qH�24@c^t243M3�>-=p3/B�>�@GL2U>-B�J�EA><3�JDCS=mN82.Ñg2U6IJ�BKBD2UEx3M@ \2UE/^mJ�=IRV2UE í N82qBaOQC-@AN8@�2wNI2 � +-+�¾T�îc; Î =E�2URVCS=INmB�J�2U6tRV2�^_><3%L24@AJ�>-6?=�OQ2UEM3{Hr>-E9EM2U=IEAJDÉ�BD2 \>1BaOQC}Û7sGNI><3�JDCS=_243/BaO�>-NIE�C-@�HI3�JDCS=tN82q^tCSBcL2UR46IBD2UE/NI6!n7JKN82.@7L2UE�J�NI6I2UB^_C7NIJ4àI2�Hl2U6�B�>�RVCS^tHlCSE�JD3�JDCS=�RA�IJ�^mJ�5%6I2�N82�EA68@�Ñ�>-RV2-; Î B�BD2UE_Hl2U68n-2U=%3�NICS=IR·Ú243M@�2}683�J�BKJ�E%L242UEmNI>-=�E�6I=�n7JKN82RVCS=%n-2U=%3�JDCS=I=82UBPNI2�B�OQC-@AN8@�2�N82 � + ¹ Ä ^�É�><@UåIRV2�576IJl=�OQ2UEM3.H�>-E.BD2�R4>-EwNI2UE.R4JDÉ�BD2UE�^�L243�>-B�B�JK5%682UE.576IJl=:L2URV2UE�E�J�3M2U=p3NPO�>Un-CSJD@q@�2URVCS68@AE \>mN82UE�L2U5%6�JDHl2U^t2U=p3�Ew2U=�jqB�3M@A>oÍ�¢#JKN82�>Un-2UR13M2URA�I=IJK5%682UE�N821N:L2UR4><H�><~-2£9 =�? 9�úT6G;

Ý#>-=�E�=8CSEx2ºÛ7H�L24@cJD2U=IRV2UE4åS=8CS6�E�>�n-CS=IE96I3�J�B�J�E7L2:N82UE�R4JDÉ�BD2UE�@GL2U>-B�JKE%L242UE \>�H�><@�3�JD@�N82�Ñg2U6IJ�B�B�2UE�^_J�=�RV2UE�NI2�R4><@AÉ�CS=I2C-É�3M2U=%682UEwH�><@�L24n<><H�C-@c><3�JDCS=�EMCS6IEwn7J�NI2-; Î B�BD2UE�HI@GL2UE�2U=p3M2U=%3q6I=I2�EM3M@A6IRV3�68@A2�>-^_C-@�H��82-åIBD2U6I@w^_>-E�EM2�n-CSBK6I^_J�57682
I?Ó�Ó¸I



å�X/å�XZY Y
ðTM ç Ð RQç�M ^èM é´Y�ê Ðt]YuUëM ì-Yuíî^zV>P
2UEM3{N82 �kf ��¥�~?+ f4� ¥�~dÆoR4^ ¿ Æ ÿ8È|;S�P2U6I@AE1L24H�>-J�E�EM2U6I@AExCS=p3!L2437L2#N/L243M24@A^_J�=:L242UE9H�><@{B�>�^t2UE�68@A2�NI2wB�>#H�24@A3M2�NPOzL2U=I24@�~SJD2N82qH�><@�3�J�R46IB�2UE���HlCS68@/B�2UE�5%6I2UB�BD2UE{BD2UE/n<>-BD2U68@AE/NI6_HlCS68n-CSJD@:N�O�><@�@´Ú243�EMCS=%3:RVCS=I=7682UE:>Un-2UR#HI@GL2UR4J�EAJDCS=�Æ
Ç%ÿ�È|; w CS6IE>Un-CS=�E9683�J�BKJ�E%L2:NI2U6BÛ]R4JDÉrBD2UEx^_J�=IRV2UExN�OWL24H�>-J�EAEM2U68@{^tCys-2U=I=82 eSf ­ +�~�+ f�e ¥�µ�~SÆoR4^ È 243{6I=82.>-683M@�2.H�BK6IE�L24Hr>-J�E�EM2.N82� � f ­ ~ eSf +.µ�~SÆoR4^ È ;p�9O�J�=IR4B�JK=I>-J�EMCS= \> ­ ¥ û H�><@9@A><H�H�C-@A3{>-6_Ñ�>-J�E�RV2U>-6mJK^tH�B�J�57682�5%6I2�BD2UE!L24H�>-JKE�EM2U68@AE{3M@A>Un-24@AE7L242UEH�><@9B�2UExHI@�CwÙM2URV3�J�BD2UE{J�=�R4J�N82U=%3�E�E�24@�CS=p39@�2UEMHl2URV3�JDn-2U^t2U=%39N82K¤7; ­ 243 e ¢%; ­ µ�~SÆoR4^ È åSEMCSJD3�2U=%n7JD@ACS= e +£¥�243 � ���<+ ¾T1;
y ��� ���r�U������� ÷6�0���t�y÷2���k�7÷6���
�P2�Rc�I>-^tH�N82�HlCSB�><@AJ�EA><3�JDCS=mN82�B�>!R4JDÉrBD2�2U=8~-2U=�N8@�2�6I=82�N/L24n7JK><3�JDCS=�N82UE:Ñg>-JKE�RV2U>-6BÛ?NPO�JDCS=IE�J�=IR4J�NI2U=p3�E/243�L2U^t24@MÍ~-2U=%3�E�RVCS=INI6�J�E�>-=%3 \>t6I=82�Hl24@�3M2�N�O�JDCS=�EmL2U^_24@�~-2U=p3�E#NI>-=IE�BD2�N/L243M2URV3M2U68@#NI2�RVC}Þ x =IR4J�N82U=�RV2-;rÌ:2UB�>tN:L24H�B�>-RV2�>-6IE�E�JBD2?HlCSJ�=p3!N�O�J�^_H�>-RV3tNI6�Ñ�>-J�E�RV2U>-6�Hr><@t@A><HIHlC-@�3!>-6�RV2U=%3M@�2�N82�B�>�R4JDÉrBD2m243tHl2U683!^tCGNIJràI24@]2U=�RVCS=IE%L2U5%6I2U=IRV2B�>�~FL24CS^�L243M@AJD2�N82�RVCSB�BD2URV3�JDCS=¡N82UE�L2UBD2URV3M@ACS=IE4;2��CS68@_@�2U^�L2UN�JD24@ \>�RV2UB�>Gå{N82U6BÛ�H�B�>-57682UE]H�><@A>-B�B \2UBD2UE]2U=¡>-^tCS=%3NI6�HlC-@�3M2VÍ
R4JDÉ�B�2�EMCS=%3�H�CSBK><@AJ�E7L242UE�N82]Ñg>�ÿRVCS= \>?@A>-^_2U=824@�BD2]H�CSJK=p3�N�O�J�^tHr>-RV3#N82UE�JDCS=�E#>-6}RV2U=%3M@�2tN82tB�>?R4JDÉ�BD2-;
j#=�EMsGEM3 \2U^t2�E�J�^mJ�B�>-JD@�2?N82�H�B�>-57682UE�L2UBD2URV3M@ACSEM3�><3�J�57682UEmE�J�3�6/L2�2U=¡>Un<>-B�N82�BK>}R4JDÉ�BD2?Hl24@A^t243_N82�RVC-@�@cJD~-24@mBD2UE3M@A>NÙM2URV3MCSJD@�2UE�N82UE?JDCS=IE \>�B�>�EMC-@�3�JD2�N82�BK>�R4JDÉ�BD2-;g"�=�Hl2U683�>-J�=IE�JqEMCSJD3mC-H�3�J�^_J�EM24@�BD2�=8CS^�ÉI@�2�N�O�JDCS=IE�NI>-=IEBD2�N/L243M2URV3M2U68@�NI2?RVC}Þ x =�R4J�N82U=IRV2-å�EMCSJD3 \>}BaO�J�=%n-24@AEM2�N:L2)ß�L2URA��JD@_BD2UE!3M@A>NÙM2URV3MCSJD@�2UEtN82UEtJ�CS=IE13M@c>-=IE�^_J�E!>�à�=�N82�=82RVCS=IEM24@An-24@q57682�BD2UEw=82U6I3M@�2UEwNI>-=IE�BD2�Ñg>-JKE�RV2U>-6�N:L243M2URV3%L2-;
y ���i�Z��6�o��÷2�o�����t�
w CSE]N:L243M2URV3M2U6I@AE_EMCS=%3]NI2UE�N:L243M2URV3M2U68@cE_E�J�B�JKR4J�6I^ËN82?3
s7Hl2��2�>�µ$ í�é � ?T? 9 « �Gú ç D�ù>x b øz� = ú ç D�é øz� = � i �B9�ø4978 hw= îcåÑgCS=IRV3�JDCS=I=I>-=%3_RVCS^_^t2�N82UE¥ÙMCS=IRV3�JDCS=IEtHIÍ
=�;{��>�EA68@�Ñ�>-RV2�N�OQ2U=p3M@GL242�2UEM3mN8C-H�L242�Hr�ª2U=�><3MCS^t2UE�N82�ÉlC-@�2�E�68@57682UB�57682UE�RV2U=%3�>-J�=82UE�N�O�>-=8~SEM3M@���^_E4åy3�>-=INIJ�EF5%682/B�>wÑ�>-RV2:><@A@AJ \24@�292UE�3FN8C-H�L242.=��?H�><@�N82UE�><3MCS^t2UExN�O�><@AEM2U=IJKR<;�$G68@RA��>-5%682�Ñ�>-RV2#N�6�N:L243M2URV3M2U68@qEM2q3M@ACS68n-2U=p3.N82UE:RVCS=%3�>-RV3�E.2U=�>-B�6I^_J�=�J�6I^ í >-=I=76IB�>-JD@A2qE�68@:B�>�Ñg>-RV2�N�OQ2U=%3M@7L242yîc;I��>E�68@AÑg>-RV2#N�OQ2U=p3M@GL242#2UEM3/H�>-E�E�JDn{L242�H�><@:6I=82�RVCS6�RA�82�N82¥$GJ�" È N�OQ2U=%n7JD@ACS=O�<+�¾T�;%�9OzL24H�>-J�E�EM2U6I@/N82#B�>�x4CS=82#N/L24H�BcL243%L242CS6�x4CS=82��M683�JKBD2 �_NI6�N/L243M2URV3M2U68@�2UEM3�ÑgCS=IRV3�JDCS=�N821B�>_3M2U=IE�JDCS=�N821HlCSB�><@AJKE�><3�JDCS=�><HIH�BKJ�5%6:L242-;r��>mRVCS6�RA�82!^tC-@�3M2NI6�N/L243M2URV3M2U68@ í $GJ�" È ¸�x4CS=82]H � îw>?6I=82�L24H�>-J�E�EM2U6I@#RVCS^tH�@AJ�EM2]2U=p3M@A2P¥<+-+?243��<+-+ ¾T1;��|B�2UEM3�J�^tHlC-@�3�>-=%3q57682BaOWL24H�>-J�EAEM2U68@qNI21B�>_RVCS6IRc�82�^_C-@�3M2�EMCSJ�3�^_J�=IJK^_>-BD2�HlCS68@�576821BD2UE�L2UB�2URV3M@�CS=IEqH�24@cN82U=p3q6I=�^_J�=�J�^�6�^�NPOzL2U=I24@�~SJD22U=%3M@�2�BaOQ2U=%3M@7L242�NI6�N/L243M2URV3M2U68@w243wBD2U68@�><@�@AJ�n{L242�2U=�x4CS=82�N:L24H�B³L2437L242-å�243w57682�B�>�@7L2UEMCSB�683�J�CS=?N�6?N:L243M2URV3M2U6I@qEMCSJD3.B�>H�B�6�E/Ñ�>-JDÉ�B�2#HlCSE�EAJDÉ�BD2#HlCS68@w6I=82�ÉlCS=I=82�NIJKE�RV@AJ�^_JK=I><3�JDCS=?N82UEwE�JD~S=�>-6BÛ�;

w CSE�N:L243M2URV3M2U68@cEqN�OWL2UBD2URV3M@ACS=IE�EMCS=%3�N82UE��2�>�µ$�Ì�>-=%Él24@�@A>!>Un-2UR]BD2UEwR4><@c>-RV3%L24@cJ�EM3�J�57682UE�EA6IJDn<>-=p3M2UE
�
� EA68@�Ñ�>-RV21N�OQ2U=%3M@7L242�N82 � +-+�^_^ È åIEMCSJD3w6I=�NIJ�>-^ \243M@�21NI2 � ­ ^_^�å
� RVCS6I@A>-=p3qN82�Ñ�6IJD3M2�N82UEwN:L243M2URV3M2U68@cE
�b�_=oT1å
� BK><@�~-2U68@�N82UEVx4CS=82UE�N:L24H�B³L2437L242UEm�b¤<+-+OµP^�å
� @GL2UE�CSB�683�JDCS=�NI2UEwN/L243M2URV3M2U68@AE�� ��e �-2)¢ í ��N82�¥_Ò�2)¢�îcå�243 ­ ; e �-2)¢ í L2UBD2URV3M@�CS=�EqN82 e +��-2)¢�îc;�F>?N:L243M2URV3�J�CS=�N82UE#HI@�CwÙM2URV3�J�BD2UE#><HI@ \2UE�B�>�3M@A>Un-24@cE%L242mN82tB�>?R4JDÉ�BD2]EM2�Ñ�>-JD3�L24~S>-BD2U^t2U=%3�>Un-2URtN82UE�N:L243M2URV3M2U68@cEE�J�BKJ�R4J�6I^�N82_3zs%Hl2����u��$�;
Ý#2U6BÛ�N/L243M2URV3M2U68@AE!EMCS=%3�H�B�>-RrL2UE]E�68@1BK>�n-CSJD2mN82mÑg>-J�EARV2U>-6�2U=�>�no>-B/N82mB�>�RA�I>-^�ÉI@�2N�OQ2ºÛGH:L24@AJD2U=IRV2 \>�N82UE�NIJ�EM3�>-=IRV2UE1N82mB�>�R4J�É�BD2tNIJtá�L24@�2U=p3M2UE í ¥�¥�243 ��� ¥�R4^�îc;��P2mRc�8CSJtÛ�N82mB�O�6I=}CS6�B�O�>-683M@�2_N82
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å�Xoæ M ç Ð RQç�M ^èM é´Y�ê Ðt]YuUëM ì-Yuíî^zV>P>Y+^BVQíuVQP ï�çzY'ð>Y�çFð>R�íQí ]Y�Y�ç
RV2UE�N:L243M2URV3M2U68@cE�H�CS6I@/N:L2UB�JDn7@�24@:BD2qE�J�~S=I>-B�N82#RVC}Þ x =IR4J�NI2U=IRV2qEM2qÑ
24@c>�EM2UB�CS=mBaO�>-=8~SB�2qN�O�>-R4RV24HI3�>-=�RV2�EMCS6I�I>-JD37L2#HlCS68@BK>�N:L243M2URV3�JDCS=¡N82UE]HI@ACwÙ|2URV3�J�B�2UE�3M@A>-=IEA^_J�E4; Î =�H�><@�3�J�R46IBKJD24@UåPBD2?N/L243M2URV3M2U68@mBD2�H�B�6IE�L2UB�CSJD~S=/L2�N82�B�>�R4JDÉ�B�2m>iL2437L26I3�J�B�J�E7L2tHlCS68@]BD2UE1^t2UEA68@�2UE�2U=�RVC}Þ x =IR4JKN82U=IRV2m>�n-2UR?B�2UE�HI@�CwÙM2URV3�J�BD2UE�=82U683M@�2UE}L2U^t24@�~-2U=%3�E4åxBD2UE13M@c>NÙ|2URV3MCSJD@A2UE�N82UEJ�CS=IE�L2U^t24@�~-2U=%3�E�L243�>-=%3!N:L2)ß�L2URc�IJD2UE \>�BaO�>-J�N82mNI2mH�B�>-57682UE�L2UB�2URV3M@�CSEM3�><3�J�57682UE!E�JD3�6:L242UE]2U=�>Un<>-B/N82?B�>�R4J�É�BD2-;���2N:L243M2URV3M2U6I@]BD2tHrB�6IE�HI@�CGRA�I2_N82_B�>�R4JDÉrBD2t>�H�><@1RVCS=%3M@�2¡L2437L2�683�J�B�J�E7L2t576I>-=IN�B�2tÑg>-J�EARV2U>-6TL2U^t24@�~-2U=%31HI@GL2UE�2U=p3�>-JD36�=82w~-@A>-=INI2�NIJ�EMHl24@AEAJDCS=!>-=8~S6IB�>-JD@A2wRVCS^_^t2�Hr><@92ºÛG2U^tH�BD2�B�2wÑg>-JKE�RV2U>-6mRVCS=IE�3�JD3�6/L2�H�><@/3MCS6IE:BD2UE�Ñg@A><~S^t2U=%3�E/N82UEJ�CS=IE.^tCSB³L2UR46IB�>-J�@�2UEw><HI@ \2UE�3M@A>Un-24@AE7L242tN�O�6�=82�R4JDÉ�BD2�L24H�>-J�EAEM2-;
�.{
�.{m� ye� ��0�r��÷2���t���K�y����� �U�o�o�¡÷F�d��F�
j#=�E�Rc�/L2U^_>_~�L2U=:L24@A>-B�N821B�OzL2UB�2URV3M@�CS=IJ�57682�N�O�>-R4576IJ�E�J�3�JDCS=?2UEM3wHI@GL2UEM2U=%3%L2]EA68@wB�>�ù�úremsÇu ìljrH ;
y ���G�F�Ä�y�F� ����r�y÷2���t�|�
w CSE�^t2UE�68@A2UE�@�24HlCSE�>-=%3qEA68@#B�O�>-=I>-BDsGEM2�N82UE#NIJ�E�3M@AJDÉ�683�J�CS=IE.N�O�>-^tH�BKJD3�6IN82UEwNI2UEqE�J�~S=I>-6BÛ�N82UE#N/L243M2URV3M2U68@AE4åP6�=82Rc�I>}Ú x =82�NI2�^t2UE�68@�2�NI2�EMHl2URV3M@�CSE�RVC-H�JD2�R4B�>-E�E�J�57682�2UEM3�>-EAEMC7R4J³L242 \>_RA��>-5%682�N/L243M2URV3M2U68@U;�P2UE.N:L243M2URV3M2U68@AE�N�OzL2UBD2URV3M@�CS=IE.EMCS=%3.RVCS=I=82URV37L2UE \>!N82UE:HI@GL2U>-^_H�B�Jrà�R4><3M2U6I@AE�Ì.>-=pÉl24@�@A> e +-+£¤!576IJ�Ñ
CS68@c=IJ�E�EM2U=%36�=82/3M2U=�E�JDCS=tN82.EMC-@�3�J�2:H�@�C-HlC-@�3�JDCS=I=82UBKBD29>-6BÛ!RA�I><@�~-2UE9>-R4R46I^�6�BcL242UE9NI>-=IExB�>�R4><H�>-R4J�3%L2#NI6!R4JD@AR46IJ�3�J�=%3%L24~-@A><3M2U68@U;Ì�2UEmE�JD~S=�>-6BÛ�EMCS=%3m2U=�E�6IJD3M2�HI@cJ�E!2U=�RA��><@�~-2�H�><@�N82UEm>-^tHrB�Jrà�R4><3M2U68@cEtN82�EMHl2URV3M@�CSE�RVC-HrJD2-;9��>�n-CSJD2�><@�@AJ \24@A2N�J�EMHlCSEM2�N�O�6I=�>-^tH�B�JràrR4><3M2U68@?Ì�>-=%Él24@�@A> e + � +Gå�243�B�>}n-CSJD2�>Un<>-=p3�N�O�6I=�>-^tH�B�JràrR4><3M2U68@� F2U=I=82UBD2UR e +£¥7;:��23M2U^_H�E9N82#^_J�EM2.2U=�ÑgC-@A^t2�N82UE/J�^tH�6�B�E�JDCS=IExE�6I@9RA�I>-R46�=82qN82UE:N82U6BÛ!n-CSJD2UE/2UEM3/NI2 � µPEU;p�P2UE/J�^tH�6IBKE�JDCS=IEx^_J�E�2UE2U=�Ñ
C-@c^t2�EMCS=%3m2U=IE�6�JD3M2�2U=pn-Cys{L242UE�NI>-=�E_6I=¡RVCS=%n-24@�3�J�E�EM2U6I@�>-=I>-BDC-~SJK5%682VÍ
N�JD~SJD3�>-B í T¥Ý�Ìwî�"@�� Î Ì T#Ý|Í ���RVCS^_H�C-@A3�>-=p3�Ítn-CSJD2UE4;

jq=�=IJDn-2U>-6 RVCS=%3�J�=%6 N82�¥<+�^�¢ 2UEM3�J�^tHlCSE7L2�>-6BÛ�E�JD~S=I>-6FÛ�N82�E�C-@�3�JD2�N82UE�>-^_H�B�Jrà�R4><3M2U6I@AEmN82UE?n-CSJD2UEL2UBD2URV3M@ACS=IE4;dTqJ�=�E�JG3MCS683M2UE:BD2UE9J�^_H�6IB�E�J�CS=IEFE�CS=p3/@�2U�I>-6IE�E7L242UE:N82#RV243M3M2qn<>-BD2U68@9RVCS=�EM3�>-=p3M2�N82�¥<+]^�¢]åSstRVCS^tHI@AJKEB�2UE#JK^tH�6IB�EAJDCS=IEwN82]ÉI@A6�JD34;�Ì�2UR4JFHl24@A^_243#57682!3MCS683�HI@�CwÙM2URV3�J�BD2!=�O�>UsS>-=%3�H�>-E�HI@AC7NI6�JD3�N�OWL2U^_J�EAE�JDCS=�N�OzL2UBD2URV3M@�CS=N:L2UR4B�2U=IRA�82�6I=82}RVC}Þ x =IR4JKN82U=IRV2�E�68@�6I=iE�JD~S=I>-B�NPO�>-^tH�B�JD3�6�N82�>-6�^tCSJ�=IE�L24~S>-BD2 \>Ã¥<+�^�¢];#Ì:2UE�J�^tH�6IBKE�JDCS=IENPO�>-^tH�B�JD3�6�N82�^_JK=IJ�^_>-BD2�RVCS=IEM3�J�3�6824@�CS=%3_><HI@ \2UEmRVCGNI><~-2�BD2 � b 9+8�|Mªç iºh-� N82UE_E�H�2URV3M@A2UEtN�OzL2UBD2URV3M@�CS=IE4;:�PC-@AEtN�6N:L24HlCS6IJKB�BD2U^t2U=%3�N82UE�EMHl2URV3M@�2UE4ålB�>�E�68@�Ñ�>-RV2]NI2]RV2]H�J�R�N8CS=I=824@A>?B�>mHI@�C-É�><É�JKB�JD3%L2<é�ý1H�CS6I@#576�O�>-6IR46I=iL2UBD2URV3M@�CS=E�2URVCS=INI>-JD@�2�=I2�EMCSJD3�L2U^_J�E \>_BaO�J�^tHr>-RV3�NPO�6I=�HI@�CwÙM2URV3�J�BD2-;��>�@GL2UE�CSB�683�JDCS=�2ºÛ7H�L24@AJK^t2U=p3�>-B�2�N82�B�OQ2U=IEM2U^�É�BD2�N:L243M2URV3M2U68@;¸ RA�I>}Ú x =I2�N�O�>-R4576IJ�E�JD3�J�CS=¡2UEM3�N:L243M24@c^_J�=:L242 \>Hr><@�3�JD@9N82qBaO�>NÙM6�EM3M2U^t2U=%39N82UE9E�H�2URV3M@A2UE4; Î =_HI@A><3�J�57682w=8CS6IE9>Un-CS=IE�^t2UE�6I@7L2�6I=82.@GL2UEMCSBK683�JDCS=mNI2�¥ f ¥�~�+ f ¥¡�-2)¢HlCS68@]RA�I>-R46�=82?NI2UE�n-CSJ�2UE4;��9OQ24@�@�2U68@]2UEM3]2U=�Ñg>-JD3�Ñ
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å�Xoæ M ç Ð RQç�M ^èM é´Y�ê Ðt]YuUëM ì-Yuíî^zV>P>Y+^BVQíuVQP ï�çzY'ð>Y�çFð>R�íQí ]Y�Y�ç
EAJ�6I=�HI@�CwÙM2URV3�J�BD2�2UEM3qN/L243M2URV3%L2tE�JK^�6IB�3�>-=/L2U^t2U=p34;

�WB92UEM3�N8CS=�Rm=:L2URV2UE�E�>-J�@�2?57682?BD2UE1E�J�~S=I>-6BÛ�NI6�N:L243M2URV3M2U6I@_N82mHI@ACwÙ|2URV3�J�B�2mEMCSJD2U=%313M@A>-J�3%L2UE]H�><@!6I=82�RA�I>}Ú x =I2L2UBD2URV3M@ACS=IJ�57682�@A><H�JKN82-; Î =�EMC-@A3�JD21NI6�HI@GL2U>-^_H�B�Jrà�R4><3M2U6I@UåIRV2UE�E�J�~S=I>-6BÛ�2U=%3M@�2U=%3qN�O�6�=82�H�><@�3�NI>-=�Ew6I=�>-^tH�BKJrà8ÍR4><3M2U6I@]N82?EMHl2URV3M@�CSE�RVC-H�J�2mN8CS=%3�B�>�E�C-@�3�JD2m2UE�3�NIJD@A2URV3M2U^t2U=p3]RVCS=I=82URV37L242 \>�6I=I2_n-CSJD2�NPOQ2U=p3M@GL242�N82mB�O T#Ý�Ì 243NPO�>-683M@�2?H�><@�3�N�>-=IE�6�=�>-^tHrB�Jrà�R4><3M2U68@�@A><H�J�NI2�N8CS=%3]B�2m3M2U^tH�E!N82?^_J�EM2�2U=�Ñ
C-@A^_2?N82UE]J�^tHr6IB�E�JDCS=�E�2UEM3]NI257682UB�57682UE.NIJ�xU>-J�=82UE�N82�=I>-=8CSE�2URVCS=IN82UE4;I��2�E�JD~S=I>-B�N82�E�C-@�3�JD2�N82�BaO�>-^tHrB�Jrà�R4><3M2U68@�@A><HrJ�N82�2UEM3.2U=%n-C�s{L2!NI>-=IE.6�=N�J�E�RV@AJ�^mJ�=I><3M2U68@�5%6�JxH�24@c^t243�N82mE7L2UBD2URV3�J�CS=I=824@}L24n-2U=%3�682UB�BD2U^_2U=p3]BaO�>-^tH�B�J�3�6IN82!N82UE�E�JD~S=�>-6BÛ�NI2_RVC}Þ x =IR4J�N82U=�RV2-;
$GCS=tE�JD~S=I>-B8N82wE�C-@�3�JD2 í >-6_EM3�>-=�NI><@AN w �|Ò�îxEM24@�3 \>1N/L2UR4BD2U=IRA�I24@96I=!~FL2U=/L24@A><3M2U68@.N82.HlC-@�3M2w576IJ7Ñ
CS6I@A=IJD3�BD2.E�JD~S=�>-BNI2�RVC}Þ x =IR4J�NI2U=IRV2.HlCS68@9BD2wN:L2UR4BD2U=�RA�82U^t2U=%3�N82�BaO T¥Ý�Ì#;p��>1NI68@GL242�N82qB�>�HlC-@�3M2�N82�RVC}Þ x =IR4J�N82U=IRV2w>�L243%L2�Rc�8CSJ�E�JD2wNI2­ µPE4åpNI6I@7L242�=/L2URV2UE�E�>-JD@A2#>-6�RVC7NI><~-2#N82UE9EAJD~S=I>-6BÛ_N82UE/N/L243M2URV3M2U68@AE�N�OzL2UBD2URV3M@�CS=IE/243/N�6_N/L243M2URV3M2U68@wN82wH�@�CwÙ|2URV3�JKBD2H�@�C�n-2U=I>-=%3�N�O�>-^_H�B�Jrà�R4><3M2U6I@AE.N82�EMHl2URV3M@�CSE�RVC-HrJD2�H�B�6IE.B�2U=p3�E4;�{O T¥Ý�Ì�ÑgCS=IRV3�JDCS=I=82.2U=�^tCGN82 � p'h ø�ø h ½ AEhFD ç�� é ç �wG�� ç =@? 9 =F�
� åSRV2q576IJIE�JD~S=�JràI2.5%6I2wHl2U=INI>-=%39B�>�NI6I@7L242NI2#B�>1HlC-@�3M2-å7E�2U6IBrB�2�H�J�RqN82#H�B�6IE9~-@A>-=IN82�>-^tH�B�J�3�6IN82.2UEM3.RVCGN/L2-; w CS6IE:@�24H�><@cBD24@�CS=IE9H�B�6IE/BDCSJ�=mNI2#RV2�^tCGN82qNI2ÑgCS=IRV3�JDCS=�=82U^t2U=%3/NI>-=IE9BD2qR4>-E:N�O�J�^tHr6IB�E�JDCS=�EFN82qÑg>-J�É�BD2UE{>-^tHrB�JD3�6IN82UEUåo243:2U=_Hr><@�3�J�R46IB�J�24@{N82qEM2UE/RVCS=IE7L2U57682U=IRV2UEEA68@wB�>!ÑgC-@A^t2�NI6�HrJ�R�xrL24@AC�RVC-@�@�2UE�H�CS=�NI>-=p3w>-6�RVC7N�><~-21N82UEwJ�^_H�6IB�E�J�CS=IE/NI2�ÉI@A6IJD34;

Ý#6I@A>-=p3:B�>�Hr�I>-EM2qNI2qRVCS=%n-24@AE�JDCS=�å7BaO T¥Ý�Ì�ÑgCS=IRV3�JDCS=I=82q2U=�Rc�I><@�~-2U>-=%3.6I=82�R4><H�>-R4J�3%L2 \>]6I=82wn<>-BD2U68@�RVC-@�@�2UEMÍHlCS=IN�>-=p3 \>qBaO�>-^tH�B�J�3�6IN82�NI6�H�JKR�BD2{H�B�6�EqL2UBD24n{L2�>UsS>-=%3x3M@A>-=IE�JD37L2/H�><@FEMCS=�B�><3�RA�P;y��>¿à�=�NI6�E�JD~S=I>-BSNI29RVC}Þ x =IR4J�NI2U=IRV2N:L2UR4B�2U=IRA�82.B�>#N:L2URA��><@�~-2wN82�B�>�R4><H�>-R4J�3%L2 \>�RVCS68@c>-=p3xRVCS=IEM3�>-=%34åS>-J�=IE�J%5%6I2:N82U6FÛ�H�C-@A3M2UE�NPO��8C-@ABDC-~-2-;<��>qHI@�2U^_J \24@A2N�68@�20Í<+|µPE4åSEMCSJ�3xB�2.3M2U^tH�E{^_>wÛ8J�^_>-B857682w^t243M3M@c>-JD3{B�>�R4><H�>-R4JD37L2 \>�EM2wN/L2URA�I><@A~-24@Uåp2439NICS=IR.BaO�>-^tH�BKJD3�6IN82:^_>wÛGJDÍ^m>-BD2�576821Hl2U683#RVCS=pn-24@A3�JD@�BaO T#Ý�Ì í
e ¢�îc;l��>?N82U6BÛ8J \2U^t2]E�213M24@A^_JK=82�576I>-=IN�B�>mR4><H�>-R4J�3%L2t2UE�3#N:L2URc�I><@�~FL242-;4TBK>�Ñg24@A^t243�68@�2?N82�RV243M3M2�HlC-@�3M2-å�BD2UE]J�^tH�6IBKE�JDCS=IE�N�O�6I=I2��8C-@AB�C-~-2mÑgCS=IRV3�JDCS=I=I>-=%3 \>�B�>�Ñ
@GL2U57682U=IRV2�N82 e ��Ò��PxE�CS=p3�E�3MC7R:�{L242UE#NI>-=IEw6I=�@A24~SJ�EM3M@�2�RVC-@�@A2UEMHlCS=INI>-=%3 \>t6I=�=%6�^�L24@�CmN82�R4>-=I>-BPHI@�C-HlC-@�3�JDCS=I=I2UB \>mBaO�>-^tH�B�J�3�6IN82qN�6EAJD~S=I>-B�J�=IJ�3�J�>-Ba;dTTBK>�à�=�N821B�>tRVCS=%n-24@AE�J�CS=�å�BaO T¥Ý�Ì�~FL2U= \24@�2t6I=�E�JD~S=I>-B��mT#Ò í ��C%C��æT�3#Ò�2yî:H�><@qBD2�É�J�>-J�E.N�6@c>-RT��ÌUT�ÒbT�Ì�N�>-=IEqB�2U5%682UBFJ�BP2UE�3#J�=�R4B�6IE4;I��2]EMsGEM3 \2U^t2tN�O�>-R4576IJ�E�J�3�JDCS= í ��C}(:24@1Ò�>-R!>�n-2UR]B�C-~SJ�R4JD2UB
¹�Ò;TC��îH�@�2U=INm>-B�C-@AE�BD2q@A2UB�>-J�E{243.EM3MCGRT�-2�B�2UE:NICS=I=/L242UE�N82UE�N/L243M2URV3M2U68@AEwN�OWL2UBD2URV3M@ACS=IE.>Un<>-=p3�243.><@�@AJ \24@A2q243.NI6?N/L243M2URV3M2U68@NI2�HI@�CwÙM2URV3�J�BD2�NI>-=IE.B�2U68@AE.�IJ�E�3MC-~-@A>-^_^t2UE.@A2UEMHl2URV3�JDÑgEU;

Õ�Ö�� &�HP3,?s��'E+ =O+�' '*)#+�-0/�LN+�'å=i@4A+C?J+�-K/MLSGIHP'

��2UE�EMHl2URV3M@�2UE�NPOzL2UB�2URV3M@�CS=IE1NI2_=8CSE�2ºÛGH:L24@AJD2U=IRV2UE�=/L2URV2UE�E�JD3M2U=%316I=}>NÙ�6IEM3M2U^t2U=%3�HlCS68@�57682_=8CS6IE�Hr6IJ�E�E�J�CS=IE�2U=3�J�@�24@.BD2UE�J�=8ÑgC-@A^_><3�JDCS=IE/><3M3M2U=INI682UEUåIR4><@wBD2UE:HI@�C-É�><É�JKB�JD3%L2UEn� ´ EMCS=%3�Ñ
CS=�RV3�JDCS=�N82#BK>]EA68@�Ñ�>-RV2#N82UE�HrJ�R4E/576IJrCS=p33M2U=�NI>-=IRV2 \>?2U^tH�J³L243M24@1B�2UE�6I=IE�E�68@�BD2UE�>-6I3M@�2UE4; w CS6�E�>-B�BDCS=IE�N8CS=�R]N:L2URV@cJD@�2tB�>�^�L243��8CGN82_N�O�>NÙ�6IEM3M2U^t2U=%3�5%6�Jn<>_=8CS6�E�H�24@c^t243M3M@�2�N�OQ2ºÛG3M@A>-JD@�2�N82�RA�I>-576821E�H�2URV3M@A2�B�>tNIJ�EM3M@cJDÉ�683�JDCS=âõvé ´-ö�´
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y ��� ����÷6� ����� ��0�r��÷2���t���U�
Ý�>-=IE:6I=_EMHl2URV3M@�2w2ºÛGH�L24@AJ�^_2U=p3�>-Br3M2UB�57682�RV2UB�6�JIHI@GL2UEM2U=%3%L2#EA68@/B�>¡ùmú�e4svu ì�jKÀ B�2UE9E�68@AÑg>-RV2UE/N82wH�J�R4E/RVC-@�@�2UEMHlCS=GÍN82U=%3.2U=�HI@�2U^mJ \24@�2�><HIHI@�C}ÛGJK^_><3�JDCS=�>-6BÛ�HI@�C-É�><É�JKB�JD3%L2UE0é ´ N�OWL2U^_JKE�E�JDCS=�N82|`TL2UBD2URV3M@ACS=IEwEM2URVCS=IN�>-JD@�2UE4;@ FCS683M2VÍÑgCSJ�E4å82U=%3M@�21BD2UE�H�JKR4E�HI@AJ�=IR4J�H�>-6BÛ�=8CS6�E�H�CS6In-CS=IE.NIJ�E�RV24@c=824@w6I=82�EMCS6�E|Í
EM3M@A6IRV3�6I@�2�5%6IJl@GL2UEA6IBD3M21NI6�Hr�/L2U=8CS^ \2U=82N82q@7L243M@�C7N�Jtál6�E�JDCS=mNI2UE_L2UBD2URV3M@ACS=IE�NI>-=IE:BD2qN:L243M2URV3M2U68@�;I�P2UE_L2UBD2URV3M@�CS=IE:@GL243M@�CGNIJtá�6IE7L2UE�N/L24HlCSEM2U=p3�EM2U6IB�2U^t2U=p3�6I=82H�><@�3�J�2�N82qB�2U68@tL2U=824@�~SJ�2qNI>-=IE/BD2qN:L243M2URV3M2U6I@U;-"�=_HlCS68@�@c>-JD3�@�2U^�L2UNIJD24@ \>1RV2qHI@�C-É�B \2U^_2�2U=�H�B�>�ÿR4>-=%3/BD2�N:L243M2URV3M2U6I@NI>-=IE�6�= RA�I>-^_H�^_><~S=:L243�J�57682-å�N82�E�C-@�3M2 \>¡Ñ�>-JD@�2�@�24n-2U=IJ�@�BD2UE L2UBD2URV3M@�CS=�E�n-24@AE�B�2�N/L243M2URV3M2U68@Uåq^m>-J�E�RV243M3M23M2URA��=IJ�57682?>-6I@A>-JD3�B�O�J�=IRVCS=%n{L2U=IJD2U=%3!N�O�J�^tHlCSEM24@!6I=82?E�68@�Ñ�>-RV2?NI2?N:L243M2URV3�JDCS=�H�B�6IE�B�><@�~-2?243!6�=82�N:L24~-@A>-N�><3�JDCS=N82�B�>�@GL2UEMCSB�6I3�JDCS=�2U= L2U=824@�~SJD2-;{�F>}RVCS=p3M@cJDÉ�683�JDCS=�N82UE�L2UBD2URV3M@ACS=IEt@GL243M@�CGNIJtá�6IE7L2UE_>-6¡EMHl2URV3M@�2�2U=�L2U=I24@�~SJD2�N82UEL2UBD2URV3M@�CS=IEqHl2U683.RV24Hl2U=INI>-=%3%Ú243M@�212UEM3�JK^�L242 \>_BaO�>-J�NI2�NI21RVCS=IE�J�N:L24@c><3�JDCS=IEwE�JK^tH�BD2UE4;��2�RVC%24¸mR4J�2U=p3wN82�@GL243M@AC7NIJrál6IEAJDCS=�NPOzL2UB�2URV3M@�CS=IE�NI2 e +��-2)¢µEA68@wNI6�E�J�B�JKR4J�6I^±E�2�E�JD3�682�EM2UBDCS=�BK>]BKJD3M3%L24@A><3�68@�22U=%3M@�2 � ¢�243 e +���Æ
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åTµ��aµ�� íuVQP ï�çèY-ð>Y�çBç.¶QYm�7^�U_Y�ç<ð8Ä�·YuP Ym�7^�U_R�í ç
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Þ3ÝuÏ Ã å à ÃÍÆ ß�â
± â�Ì ±rã ß Í â"äqå Ì'µ ã ä Í ¯-æ å �ÎÃ|Æ ° ¯bÌ%ß Í Ì9®�çw®�µ Í

þ ðAïTÝ�Þ��qð��qê4Ú�ê�Ü ×Ù�ë�ÙcÝ ×Ù"Ü�Ý�ÞaëTê�y Õ ò�ê�Þ Ö ° ¯ËÌ%ß ÍXÞ�� ×Ù ê�Ü`ôðAÚ4ð2Ú�ÞNêi�qê Ö ,ÞNîAê�ð3Ú�Ù�Ù"ÜPÙ ò�ÜCë�Þ ÖTÖ�×Ù"ÙcïqðWÝ�Ú9ìzyº|{²ü~}�� ¸Q�Ë�@�_� ý�� �ë�Þ Ö ÛKÏ ËES ¯ à Ì ¯
å

½ � Ãa���"° ¯ Ì%ß Í Ì ± ã ß ÅvÍÌ ¯
å

½ � Ã´° ¯ËÌ%ß Í Ì9®�çw®3® Í
ËES ¯ à Ãp� �Ã Ì ¯

å
½ � ° ¯iÌ%ß Í Ì ±rã ß ÅvÍÌ ¯

å
½ � ° ¯bÌ%ß Í Ì9®�çw® õ×Í


��pÏ^
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Þ3Ý Ì ¯

å
½ � ° ¯bÌ%ß Í�à µ Û'Ù ��Õ ê�ë�Þ ÖqÖ ÙKÏ

Ë:S ¯ à ���eÆÑÐ ¯®
å

½ � ° ¯ Ì%ß Í Ì ± ã ß ÅvÍ¥Ò Ì9®�çw®p� Í
Þ Õ Ù Ö Û'Þ3Ý�Ù7Ï

ËES ¯ à � � ÆÑÐ�±rã^Å ¯®
å

½ � ß Ær° ¯ËÌ%ß Í¥Ò Ì9®�çw®3è Í
ò:ð3ÛCBTð Ö Ü �-Õ Ù s Ì ¯

å
½ � ß ÆA° ¯$Ì%ß Í�àØ± ä Î-Þ Ö ðWÝ�Ý:ê�ÿ3ÙT� Ö ð3Ú�Ù îAÙ Ö Ü�ôðlÚ9ìíÙ/.aïTÝ�Ù ò:ò�ê�Þ Ö ò Õ ê�ÿWð Ö Ü�Ù�Î�ïñÞ Õ Ý�Ú�Ù�Û'Ù Ö Ü�Ý:Ù@ëTÙ�3Ý�ð ÿaê�Ü ×Ùlë Õ ïqê4Û�Û'Þ3Ý�Ý�Ù ò�ïñÞ Ö ëTð Ö Ülôð2± ×Ù Ú�Ù Û'Ü�Ý�Þ Ö òuÏËES ¯ à ±P��� Ì'µ ã^Å ä Í Ì9®�çw®�� Í

Ì Þ Ö Ý�Ù îAðWÝ ��Õ Ù �-Õ Ù�ëqð Ö ò2Ú�ÙFÛ"ð3ò ä à ø ÎnÛWìíÙ ò�Ü;ôð�ëTê�Ý�Ù�Ù Ö Úsì\ð��qò�Ù Ö Û'Ùrë�Ù�Ý ×Ù"Ü�Ý�ÞaëTê�y Õ ò�ê�Þ Ö ëTÙ ò ×Ù Ú�Ù Û'Ü�Ý�Þ Ö ò�Î�Ú�Ù�ÈðWÝ���Û'Ù Ö Ü�Ý�Ù�ë Õ ïqê�Û�Û'Þ3Ý�Ý�Ù ò�ï£Þ Ö ë<�qê�Ù Ö ôðAÚ�ð`ÿWð3Ú�Ù Õ ÝVîAÞ5�3Ù ÖTÖ Ù�±P� � Í ç� ð Ö òlÚ�ÙhÛ"ð3òlë²ì ÕTÖ ò�ïñÙ Û'Ü�Ý�ÙhÛ'Þ Ö ò�Ü�ê�Ü Õ�×Ù�ë�Ù�±r­ µ ïqê�Û"òDÎ²Þ Ö ïñÙ Õ ÜlëTê�Ý�Ù ��Õ Ù!ò�Þ Ö Û'Ù Ö Ü�Ý�Ù�ë�Ù;�3Ý:ð6ÿ�ê�Ü ×ÙFò�Ù"Ý�ðëTÞ ÖTÖ�×ÙcïqðWÝiÏ
Ë:S à Ì ¯Ó ½ � Ã Ó Æ ËES ÓÌ ¯Ó ½ � Ã Ó Ì9®�çw®×� Í

Þ²ôÕ Ã Ó Ù ò�ÜCÚ�ð2ò Õ Ý��.ð3Û'Ùcë Õ ïqê4ÛÕÔ Ì Ã � ïñÞ Õ ÝQÚ�Ù�ïÈê�Ûe¦ ×Ù"Ý�Þ±ÍXÙ"Ü Ë:S Ó Ú�ð`ïñÞNò�ê�Ü�ê�Þ Ö ë�Ùcò�Þ Ö �qðWÝ��aÛ'Ù Ö Ü�Ý�Ù&Ï
ËES à � � Ì'µ ã^Å ä Í Ì ¯Ó ½ � Ô�Ã ÓÌ ¯Ó ½ � Ã Ó Ì9®�çw®�j Í
ËES à � � Ì'µ ã^Å ä Í ¯®Ó ½ � Ô Ã ÓÌ ¯ x ½ � Ã x Ì9®�çw®� Í

Ö ð3ÛCBTð Ö Ü �-Õ Ù ×>ØÌ^ÙÚ'ÛnÜ × Ú �Â� Ó Ì ïTÝ�Þ��qð��Èê�Ú�ê�Ü ×Ù`ë�ì ×Ù îAê�ò�ò�ê�Þ Ö ë�ÙÝÔ ×Ù Ú�Ù Û'Ü�Ý�Þ Ö òåÍ�Ù"Ü �-Õ Ù Ì ¯Ó ½ � Ô|� Ó à ¼ Ì Ö ÞNîE�TÝ:Ù
îAÞ5�3Ù Ö ë²ì ×Ù Ú�Ù Û'Ü�Ý�Þ Ö ò ×Ù î!ê�òQïqðWÝVïqÝ�Þl�=Ù Û'Ü�ê4Ú�Ùcê Ö Û"ê�ëTÙ Ö ÜzÍ�Ú�Ù�Ý�Ù Ö ë�Ù î2Ù Ö Ü ×Ù Ú�Ù Û'Ü�Ý�Þ Ö ê ��Õ Ùcò"ì ×Ù Û'Ý:ê�ÜH� Ö ð3Ú�Ù î2Ù Ö ÜbÏËES à ¼ ��� Ì'µ ã^Å ä Í Ì9®�ç õ ø Í
ë²ìíÞ�ôÕ Ï

¼ à ËES��� Ì'µ ã^Å ä Í Ì9®�ç õ µ Í
>�Ù"Ü�Ü�ÙAë�Ù"Ý Ö ê9ôÙ"Ý:Ù ×Ù ��Õ ðWÜ�ê�Þ Ö ïñÙ"Ý:îAÙ"Ü�ë�Þ Ö ÛeëTÙ`Û"ð3Ú4Û Õ Ú�Ù"Ý�ëTê�Ý�Ù Û'Ü�Ù îAÙ Ö Ü�Ú�Ù`Ý�Ù Ö ëTÙ î2Ù Ö Ü ×Ù Ú�Ù Û'Ü�Ý�Þ Ö ê �-Õ ÙrôðhïqðWÝ�FÜ�ê�Ýlë�ì ÕTÖ ò�ïñÙ Û'Ü�Ý�Ù�ë²ì ×Ù Ú�Ù Û'Ü�Ý�Þ Ö ò`ò�Ù Û'Þ Ö ëTð3ê�Ý�Ù ò�ÎOò:ð Ö ò�Ù Ö Ù/.aÜ�Ý:ð3ê�Ý�ÙhÚ�ðrëTê�ò�Ü�Ý:ê�� Õ Ü�ê�Þ Ö ò�Ü�ðWÜ�ê�ò�Ü�ê ��Õ Ù ç J Ú�Ú�Ù!Ù ò�Ülë�Þ Ö Ûë²ì ÕTÖ ê Ö Ü ×Ù"Ý�,Ù"ÜcïTÝ�ê�î2Þ3Ý:ëTê4ð3Ú�ïñÞ Õ Ý�Ú�Ù ò@ò�ïñÙ Û'Ü�Ý�Ù òAôð]�.ð3ê��qÚ�Ùlò�Ü�ðWÜ�ê�ò�Ü�ê �-Õ Ù`ëTÙeÛ'ÞNî2ïqÜ�ð��3ÙAÛ'ÞNîAî2ÙAÛ'Ù Õ .;Þ��TÜ�Ù Ö-Õ òCÙ ÖÛ'ÞN� ÷ Ö Û"ê�ë�Ù Ö Û'Ù@ð ÿ3Ù Ûlë�Ù òQðWÜ�ÞNî2Ù ò Ö Ù Õ Ü�Ý�Ù ò ��Õ êñò�Þ Ö ÜXÜ�Ý ôÙ òCîAê Ö Þ3Ý:ê�Ü�ð3ê�Ý�Ù ò�ëTð Ö òXÚ�Ù��%ð3ê4ò�Û'Ù ð Õ ×Ù î2Ù"Ý��3Ù Ö ÜPë�Ù òQÛ"ê��qÚ�Ù ò ç� Ú£Û'Þ Ö ÿaê�Ù Ö Ü�Ü�Þ Õ Ü�Ù��%ÞNê�òXð Õ ïTÝ ×Ù ð3Ú�ð��qÚ�Ù�ë�ÙCÜ�Ù ò�Ü�Ù"ÝVÚ�ð@�qð��qê�Ú4ê�Ü ×ÙPë�Ù@Û'Ù"Ü�Ü�Ùcî ×Ù"Ü�B�Þ�ëTÙCÙ Ö �%Þ Ö Û'Ü�ê�Þ Ö ë�Ù�Ú4ðlò�Ü�ðWÜ�ê4ò�Ü�ê ��Õ ÙëTÙcÛ'ÞNî2ïTÜ�ð��3Ù çþ Ù òcÝ:Ù Ö ë�Ù î2Ù Ö Ü�ò ×Ù Ú�Ù Û'Ü�Ý�Þ Ö ê �-Õ Ù òcÞ��TÜ�Ù Ö�Õ òlïqðWÝ�Ú�Ù òlë�Ù Õ .�î ×Ù"Ü�B�Þ�ëTÙ ò�Î~�qðWÝC��Û'Ù Ö Ü�Ý�Ù�ë Õ ò�ïñÙ Û'Ü�Ý�ÙAÙ"Ülÿ?ð3Ú�Ù Õ ÝîAÞ5�3Ù ÖTÖ ÙcëTÙ@Ú4ðeëqê�ò�Ü�Ý:ê�� Õ Ü�ê�Þ Ö ò�Ü�ðWÜ�ê4ò�Ü�ê ��Õ Ù�ë ×Ù ë Õ ê�Ü�Ù�ë�Ù�Ú9ì\ðx� Õ ò�Ü�Ù î2Ù Ö ÜQë Õ ò�ïñÙ Û'Ü�Ý�Ù�ÎTò�Þ Ö ÜQÙ Ö �ñÞ Ö ð3Û"Û'Þ3Ý�ëFïñÞ Õ ÝÞ(ß]à�á8â'ãxãlâªäNâªåçæuå¤à>è�élè¤ã�êàCß]è æ_å¤â>ë
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H0 2.2 MeV -> C (2 ug/cm2) ;63631 coups, 12 pics

<n>cg = 2.53 ;  <n>fit = 2.54

spectre AV
fit r=0.99701
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H0 2.2 MeV -> C (2 ug/cm2) ;744 coups, 12 pics

<n>cg = 2.58 ;  <n>fit = 2.56

spectre AV
fit r=0.86410

0

5

10

15

20

25

0 200 400 600 800 1000

C
ou

ps
 

 Canal 

H0 2.2 MeV -> C (2 ug/cm2) ;1334 coups, 12 pics

<n>cg = 2.58 ;  <n>fit = 2.44

spectre AV
fit r=0.91638
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 Canal 

H0 2.2 MeV -> C (2 ug/cm2) ;457 coups, 13 pics

<n>cg = 2.76 ;  <n>fit = 2.49

spectre AV
fit r=0.81232
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ë�Ù òAò�ï£Ù Û'Ü�Ý:Ù òAïTÝ ×Ù ò�Ù Ö Ü�ð Ö Ü ÕTÖ ÙL�ñÞ ÖTÖ Ùrò�Ü�ðWÜ�ê�ò�Ü�ê ��Õ Ùrë�ÙrÛ'ÞNîAïTÜ�ð��3Ù�Î�Ú4ð�ëTê�y ×Ù"Ý:Ù Ö Û'ÙrÞ��qò�Ù"Ý:ÿ ×Ù"Ù ×Ù"Ü�ð Ö Ü�ð Õ ïqÚ Õ òë�ÙFõ »hç >@ìíÙ ò�ÜeÚ�ÙhÛ"ð3ò2ð6ÿ3Ù ÛFÚ�ð ïÈÚ Õ ïqðWÝ�Ülë�Ù Ö ÞNòeò�ï£Ù Û'Ü�Ý:Ù òlÙ/.aï ×Ù"Ý:ê�îAÙ Ö Ü�ð Õ . �-Õ ìíÞ Ö ïñÙ Õ ÜeÞ��TÜ�Ù Ö ê�Ý`ð3ê�ò ×Ù î2Ù Ö Üð ÿ3Ù Û ÕTÖBÖ ÞNîE�TÝ:ÙhÜ�Þ3Ü�ð3ÚQë²ì ×Ù"ÿ ×Ù Ö Ù î2Ù Ö Ü�ò!ò Õ ï ×Ù"Ý:ê�Ù Õ Ý ôð µ"ø3ø3ø3øaçnþ Ù ò`ò�ïñÙ Û'Ü�Ý�Ù ò2ë²ì ×Ù Ú�Ù Û'Ü�Ý�Þ Ö ò2ë�ÙFÚ�ð65 ï ü�¹?º � ý<�
î2Þ Ö Ü�Ý�Ù Ö Ü ��Õ ì ÕTÖ ë ×Ù ò�ð3Û"Û'Þ3Ý:ë¾Ù Ö Ü�Ý�ÙhÚ�Ù òlë�Ù Õ .�î ×Ù"Ü�B�Þ�ëTÙ òeðWïqïqðWÝ:ðN, ÷�Ülï£Þ Õ Ý ÕTÖBÖ ÞNîE�qÝ�Ù!Ü�Þ3Ü�ð3ÚXë�ì ×Ù"ÿ ×Ù Ö Ù î2Ù Ö Ü�òê Ö � ×Ù"Ý:ê�Ù Õ ÝQôð µ èWø3øaç >�Ù"Ü�Ü�ÙXÿ?ð3Ú�Ù Õ Ý´ð�ë�Þ Ö Û�Û'Þ Ö ò�Ü�ê�Ü Õ�×Ù ÕqÖ Ù�Ú4ê�îAê�Ü�Ùnê Ö � ×Ù"Ý:ê�Ù Õ Ý�ÙnïñÞ Õ Ý´Ú9ì\ð3Û ��Õ ê�ò�ê�Ü�ê�Þ Ö ë�Ù Ö ÞNò´ò�ïñÙ Û'Ü�Ý�Ù òÙ/.aï ×Ù"Ý:ê�î2Ù Ö Ü�ð Õ .Fð ÿ3Ù Ûcë�Ù òXÜ�ð Õ .�ë�Ù�Û'ÞN� ÷ Ö Û"ê�ë�Ù Ö Û'Ù��.ð3ê��qÚ�Ù ò çA� Ú$�.ð Õ Ü Ö�×Ù ð3îAî2ÞNê Ö òXÝ�Ù îAðWÝ ��Õ Ù"Ý ��Õ Ù�Ú�Ù òXÙ/.aÙ î2ïqÚ�Ù òë�Ù!Ú4ð75 ï üO¹�º � ý;� Û'Þ Ö ò�Ü�ê�Ü Õ Ù Ö Ülë�Ù òeÛ"ð3ò�ïÈðWÝ�Ü�ê�Û Õ Ú�ê9ôÙ"Ý:Ù î2Ù Ö ÜE�%ð6ÿ3Þ3Ý:ð��qÚ�Ù òFôð Ú�ð ïTÝ�ÞaÛ ×Ù ë Õ Ý�Ù!ë²ì\ðx� Õ ò�Ü�Ù î2Ù Ö Üeë�Ù òò�ïñÙ Û'Ü�Ý�Ù ò ç"J Ö Ù/yñÙ"Ü�ÎOÚ9ì\ðx� Õ ò�Ü�Ù îAÙ Ö Üeë�ÙAò�ïñÙ Û'Ü�Ý�Ù ò�Û'Þ Ö ò�Ü�ê�Ü Õ�×Ù òeë�ÙAò�Ù Õ Ú�Ù îAÙ Ö Ü ÕqÖ îAê�Ú�Ú4ê�Ù"Ý�ë²ì ×Ù"ÿ ×Ù Ö Ù î2Ù Ö Ü�ò2ðFï Õ,Ù"Ü�Ý�Ù�Ý ×Ù ð3Ú4ê�ò ×ÙE�3Ýl,ð3Û'ÙFôðAÚ�ð`ïTÝ ×Ù"ïñÞ Ö ë ×Ù"Ý�ð Ö Û'Ùlë�Ù òVïqê�Û"òVë�ìíÞ3Ý�ë�Ý�Ù¬¦ ×Ù"Ý�Þ!Ù"Ü ÕTÖ���Õ ê�Ú�Ù òQÝ�Ù Ö ëL�%ð3Û"ê4Ú�Ù î2Ù Ö ÜPðx� Õ ò�Ü�ð��qÚ�Ù ò ç� Ö Ù@Ü�Ù Ú�Ú�Ù@ò�ê�Ü Õ ðWÜ�ê�Þ ÖhÖ Ù�ò�Ù�Ý�Ù Ö Û'Þ Ö Ü�Ý�Ù ��Õ Ù�ëqð Ö òXÚ�Ù�Û"ð3òQëTÙCÝ�Ù Ö ë�Ù î2Ù Ö Ü�ò ×Ù Ú�Ù Û'Ü�Ý�Þ Ö ê ��Õ Ù òXÝ�Ù Ú�ðWÜ�ê�ÿ3Ù î2Ù Ö Ür�.ð3ê��qÚ�Ù òÛ'ÞNîAî2ÙlÛ'Ù Õ .rê Ö ë Õ ê�Ü�ònïqðWÝCë�Ù òQïTÝ�Þ3Ü�Þ Ö òQÞ Õ ë�Ù òCðWÜ�ÞNî2Ù ò � � ç

� Ù`îAð Ö ê9ôÙ"Ý�Ù:� ×Ù Ö�×Ù"Ý�ð3Ú�Ù2ê�Ú²Û'Þ Ö ÿ�ê�Ù Ö ÜCë²ì�,Ù"Ü�Ý:ÙlïTÝ Õ ë�Ù Ö ÜPÛ"ðWÝCïñÞ Õ ÝCë�Ù òVÝ�Ù Ö ë�Ù î2Ù Ö Ü�òPïqÚ Õ ò ×Ù Ú�Ù"ÿ ×Ù òDÎñë²ì ×Ù Ö Þ3Ý:î2Ù òïTÝ�Þ��ÈÚ.ôÙ î2Ù ò´ë�ì\ðx� Õ ò�Ü�Ù î2Ù Ö Ü´ðWïqïqðWÝ:ð3ê�ò�ò�Ù Ö Ü»ò Õ Ý´Ú�Ù ò´ò�ïñÙ Û'Ü�Ý�Ù òVôð�ò�Ü�ðWÜ�ê�ò�Ü�ê ��Õ Ù&�.ð3ê��qÚ�Ù�Î6Ù"ÜÁëTð Ö ò´Û'ÙQÛ"ð3ò´Ú9ì\ê Ö �%Þ3Ý:îAðWÜ�ê�Þ Öë�Þ ÖTÖ�×Ù"Ù�ïqðWÝPÚ�Ù��qðWÝC��Û'Ù Ö Ü�Ý�Ù�ë Õ ò�ï£Ù Û'Ü�Ý:ÙcÙ ò�ÜVÙ ò�ò�Ù Ö Ü�ê�Ù Ú4Ú�Ù ç

��O³ÿ
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´:µ#¾:µ98 Ã 0'3+�4�¾-,XºmºQ'(ÁÂ'3·IÀ¢¸;:�¾A·»¿b+A'f¿ ÀË25'
þ Ù òQïTÝ�Þ��Èð��qê�Ú�ê�Ü ×Ù òQë�ì ×Ù îAê4ò�ò�ê�Þ Ö � ¯ ò�Þ Ö ÜQÞ��TÜ�Ù Ö�Õ Ù òVïqðWÝ~Ï

� ¯ à < ¯Ì ¯>=@?�A¯<½ � <
¯ Ì9®�ç õ ® Í

Þ²ôÕ <
¯ Ý:Ù"ïTÝ ×Ù ò�Ù Ö Ü�Ù�Ú�ð2ò Õ ÝC�%ð3Û'Ù�ë Õ ïqê�Û�ë�ìíÞ3Ý:ëTÝ�Ùe³ çþ ð�ò�Ü�ðWÜ�ê�ò�Ü�ê �-Õ Ù2ë�Ù2Ú9ì ×Ù îAê4ò�ò�ê�Þ Ö ×Ù Ú�Ù Û'Ü�Ý�Þ Ö ê �-Õ Ù2ò�Ù Û'Þ Ö ëTð3ê�Ý�Ù`Ù ò�Ü�� ×Ù Ö�×Ù"Ý:ð3Ú�Ù î2Ù Ö Ü�Ü�Ý�ð3ê�Ü ×Ù"Ù;ôðhïqðWÝ�Ü�ê�Ý�ë�Ù2ëTê�ò�Ü�Ý:ê F� Õ Ü�ê�Þ Ö òQò�Ü�ðWÜ�ê4ò�Ü�ê ��Õ Ù òQÛ'Þ Õ Ý:ð Ö Ü�Ù ò ç { ðWÝCÙ/.�Ù î2ïÈÚ�Ù�ÎTÚ�ð2ëTê�ò�Ü�Ý:ê�� Õ Ü�ê�Þ Ö ë�Ù/B)CED9F
FGC�H8Ï

° ¯ËÌf� Í à � ¯
± â ± æ&I Ì9®�ç õ3õ×Í

ïñÞ Õ ÝVÚ4ð �-Õ Ù Ú4Ú�Ù � Ù ò�ÜPÚ�ð2î2ÞY�3Ù ÖTÖ Ù çþ ðAëTê4ò�Ü�Ý:ê�� Õ Ü�ê�Þ Ö �qê Ö ,ÞNîAê�ð3Ú�Ù Ï
° ¯iÌ9J · ä Íáà ± âJ�â�Ì9J ã�±"Í â'ä ¯ Ì'µ ã ä Í�KML æT¯>N Ì9®�ç õ � Í

Ù ò�Ü ÕTÖ î2ÞaëñôÙ Ú�Ù�ë�Ù�± ×Ù"ïTÝ:Ù Õ ÿ3Ù ò�B�ÞNîAÞ��aôÙ Ö Ù òCê Ö ë ×Ù"ï£Ù Ö ëTð Ö Ü�Ù òPë�ÙPORQ&STH�CVUEW�W�D²ë�Ù�ïTÝ:Þ��qð��qê�Ú�ê�Ü ×Ù�ë�Ùcò Õ Û"Û?ôÙ ò ä çþ ðAÚ�ÞNê�ëTÙ�X$YTU�F
FKÏ
° ¯iÌf� · U Íáà ± æ[Z Ù
\>]_^M``ba `U g ®�h Ì9®�ç õ è Í

Þ²ôÕ � Ý�Ù"ïTÝ ×Ù ò�Ù Ö Ü�ÙlÚ�ð2îAÞ5�3Ù ÖTÖ Ù�Ù"Ü U Ú�ð2Ú�ðWÝC�3Ù Õ Ý Ì ×Ù Û"ðWÝ�ÜWFsÜX��ïñÙYÍVëTÙcÚ�ðAëTê�ò�Ü�Ý:ê�� Õ Ü�ê�Þ Ö ð Õ Ü�Þ Õ ÝCë�Ù�ò�ð2î2ÞY�3Ù ÖTÖ Ù ç� Ùlî2Ù ê�Ú�Ú�Ù Õ Ý:ò�Ý ×Ù ò Õ Ú�Ü�ðWÜ�òCò�Þ Ö ÜCÛ'Ù"ï£Ù Ö ëTð Ö ÜQÞ��qÜ�Ù Ö-Õ òeôðAÚ9ì\ð3ê�ë�ÙcëTÙcÚ�ð2ëTê�ò�Ü�Ý�ê�� Õ Ü�ê�Þ Ö ë�ÙPBdcC�Wfe&YMÏ
g�h Ìf� ·�i Í à � h

j â Ì'µlk i � Í æ h æisnm�o hp¯<½ s@q µlkÉÌ ³Oã µ Í i�r Ì�s�ç õ � Í
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� V³ 




�&�¨´&�b¢�"�$�& )�����*'�����9���#£K���¤���cµ'� ��$¥�¤$�!Â��(��� � ¶S·¥���

EES: H+ 1.5 MeV -> C (2 ug/cm2)

fit (r=0.9553)
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î � ï�å uwv �Kæ�ç�ç ðêè+élü_ôpõ�� ürûNüuûªþü(õ�ó��Xø���� ü_ôeü_ú�ý
û�� �XúÝù�õ�üý�_ý�÷¥ül	_ø õ�ö8÷¥ö�ô^þü_ý�÷�ø�����üuûNüMùSþü��[üý�_ý�÷¥ó8ú�ù1þü_ôTø�ù�õnö�÷¯�XúAü �Mø�	�� üfôZø;ú#�'üûNü)�'ö8÷�	'ó8ú�üP�a¸S¹�º-»¼ ø;ú����¤ø;úÕþüCü(½ö>¹�º�¾�2¬ý�÷¥ö��8üM÷'ù�þü>üªõ�ö8÷Hûxü�ùªõ�÷¥ó8ý(ó8ú�ùHûNü4¸
3�º�.Fü�0¬3
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emission arriere

EES AR: H+ 1.5 MeV -> C (2 ug/cm2)

spectre AR
somme contribs AV

AV=0 e-
AV=1 e-
AV=2 e-
AV=3 e-
AV=4 e-
AV=5 e-
AV=6 e-

î � ïóå uwv �Kæ�ç�� ðÂ.Rø�ù_üÕüMú þü��>ø%ûNü_ú��'üHûxüuúAó�úá��ó�÷�÷Qþü��[ö8ý�ø%ó8úUü_ú�ý�÷¥ü � üMù þü_ôZø�ù'ù�ø%ó8ú�ùgþü�� ü��_ý�÷¥ó�ú�ø�����ü�ù]ö��8ö8ú�ýPüMý�ö8÷�÷�ø�½ü_÷¥üHû�� �XúAü
�_ø�	�� üZôZø;ú#��üTûNü)�'ö8÷�	'ó8ú�ü��2¸S¹�º-»¼ ø;ú����¤ø;úÕþüCüO½ö�¹�º�¾�2rõ�ó��X÷ÕûNüMùªõA÷¥ó�ýKó�únùHûNü4¸
3�º�.Yü10�3
ü�û´öV�P�?ùªü���ÿ � ö�ø®ù@ú1û9ü@üS��ÿ�Q®ø �"� ü � j%­�®V¯H°*±©À µ ·�j%­V²�¯H°*± � � j%­�®~¯H°*±n·�j%­V²�¯H°*±4À µ � û � ø|ÿ � ü�ÿêý?û-ü���ÿ � û � ��ü�
��%$²øR� .
ö�ÿ �)ü ý%$ª�|ùªý?ùªû ¦��û)ùS� �£Á · Á � �gIû ö�ù��`� �û9ý �û ý�� ��� û � � ø|úaû��þû �"� úRø´ý�ÿaü � ù�ÿ�i�� � ÿ�� � ý?û9ü �û9úaû�� � ù�� � ü �û�� ÿaüCü�ÿU�h��ú � ø � �û��þû �"� ö�ø®ùFú1û9üCý?û�� . b øR�eû9ü
ýN$f� � ûG�)ÿ�i�ú1ûG�;ÿ � �eû´øR� ö�ø|ü�üªø Z û-ý%$f� � ö�ù�� � û�� � ÿRú1û´ÿ � �)ÿaý�û �"���`� û9úaú1û�
��?û��eû9úaúaû��X� �"� ù �û)û�ü��?ù úaø 5 ï�å uwv �êæ�ç�ç �

ohp98XpÂo �Ã�n�©Ä%Â@{ u � u {��G|£{`}V��|ÂÅ©��}~|�vG�n{ÇÆ�ÈÊÉ�Ë%Ì�ÍÎÆ�ÈÏÉ�Ë%Ì�Ð
M@$²ÿ ��� �û)ù ,û � ý�û úa$²øR��
���ÿaü�ÿ � ÿ�� � û � ý�� ý �û)ö~�P��ÿaúaú1û��þû ��� ý?û_üpöKû�� � ù�û9ü0i�ÿ1ö�ø®ù�øR� �û � ùªÿ 
��?û9ü û9ü � 
��%$²ÿaúaü öKû)ùS�þû �!� û ���
ýN$ �û � ��ý�ÿ1û)ù´ú1û9üG���|ù�ù �û9úRø � ÿ�� � ü´û ��� ù�û;ú1û9ü �û�� ÿaü�ü�ÿ�� � ü ølQ[ø ��� û � ø®ùªùªÿ Wû)ù�û � M+û � û)ùk�þû;ý?ûX���|ù�ù �û9úaø � ÿ�� � û9ü � û��þö�ú �lÑ �û
ú �|ùªü�
��?û@úaø-ý�ÿaü � ùªÿ i�� � ÿ�� � ü � ø � ÿRü � ÿ 
��?û ý?û9ü �û9ú1û�� � ù�� � ü �û�� ÿaüCö�ø®ù�� � û b øR�eû ý?û úaøD�)ÿ�i�ú1û û9ü �db � � � � ÿ�� � ý�� � �P�8i�ùªû
ýN$ �û9úaû�� � ù�� � ü �û��;ÿaü ö�ø®ù ú2$²øR� � ù�û b øR�eû � e ö�ø®ù � ÿ1ù ý?û¶úaø�ý�ÿaü � ùªÿ�i�� � ÿ � � û � ý?û�� . ý�ÿ �þû � üªÿ�� � üCý�û9ü �û9úaû�� � ù�� � ü �û��;ÿaü �� �P��ü@öV�P�cQR� � ü©��� � ü � ùS��ÿ1ù�û�úaø ý�ÿaü � ùªÿ�i�� � ÿ�� � ý?û9ü �û9ú1û�� � ù�� � ü �û�� ÿaü@ö�ø®ù[� � û b øR�eûþý?û�úRø	�)ÿ�i�úaû � û � ��� � Ò � �)ÿaý�û � �eû
ølQ|û�� ³X�û9úaû�� � ù�� � ü �û�� ÿaü ö�ø®ù@ú2$²øR� � ù�û b øR�eû´û � �eû9úaø�öV�P�?ù � �P� � û9ü@ú1û9ünQ®ø|ú1û��?ù�ü ý?û ³ �{ ø®ù"û . û��þö�ú1û � û ��� �|ùS�;ø|úRÿaü�ø ��� úaø ³ 
 Wû��þû ùªø �cZ �û)û ý?û úaø ý�ÿaü � ùªÿ i�� � ÿ�� � i�ÿ1ö�ø®ùªøR� �û � ùªÿU
��?ûIý?û úaø 5 ï�å uGv �êæ�ç�ç �� �P��üG�Ri � û � � � ü-ú1û9ü^ý�ÿaü � ùªÿ i�� � ÿ�� � ü ý?û9ü �û9ú1û�� � ù�� � ü �û��;ÿaü Wø úa$²ø®ù�ù�ÿ Wû)ù�û;û � ��� � Ò � �)ÿaý?û � �eû;ølQ|û�� ³L�û9ú1û�� � ù�� � ü �û��;ÿaü
üS�?ù@úa$²ølQ[ø ����� Mìû9ü ý�ÿaü � ùªÿ�i�� � ÿ�� � üIø®ù�ùªÿ Wû)ù�û�ø|ÿ � ü�ÿN�Ri � û � ��û9ü ü!� ��� ùªû)ö�ù �û9üpû ��� �û)û9ü ö�ø®ù ú1û9ü ü �û)ùªÿ1û9ü@ý�û^öV� ÿ ��� ü ü��?ù@úRø
5 ï�å uwv �êæ�ç�� � Mìû9ü�Y�ÿaü � � Z ùªøR�T�þû9ü¶ý?ûT�eû �!� û � Z �?ù�ûþù�û)ö�ù �û9üpû �"� û ��� ú1û9ü¶ý�ÿaü � ùªÿ�i�� � ÿ�� � ü��Ri � û � ��û9ü Wø7ö�ø®ù � ÿaù ý��
ü�öóû�� � ùªû��T� � �|ö�ø®ùªøR� �û � ùªÿU
��?û;ø®ùªùªÿ Wû)ù�û �PÓ�ÔÂÕwÖ Èl×£Ø ÖDÙ4ÚXÛ � ø|ÿ � üªÿ�
��?ûþúaø ü!�P�T�þû;ý�û9üG��� �"� ùªÿ i�� � ÿ�� � ü ý?û � �P� � û9ü
úaû9ü ý�ÿaü � ùªÿ�i�� � ÿ�� � üÜ�Ri � û � �?û9ü¶ølQ|û�� ³0�û9úaû�� � ù�� � ü �û��;ÿaü ü�ÿU�h��ú � ø � �û��þû �"� ü��?ù¶úa$²ølQ[ø ��� �PÓ�ÔkÝ¥ÞTÞ0Ö È Ý¥ß ×£ØSàÂá Ô[Ù©â�Û �
���ÿ ü!� ��� ÿaý?û ��� ÿ 
��?û9ü;i�ÿ1û � �û�Q¹ÿRý?û��T�þû ����� � � öKû�� � ��� � ü � ø � û)ùã
��?û � �P� � û9ü úaû9ü ý�ÿaü � ùªÿ i�� � ÿ�� � ü#ø®ù�ùªÿ Wû)ù�û ü�û
üS�?öKû)ù�öV� üpû �"� 
��?û9ú_
��?û´ü!� ÿ � ú1û � �P�hi�ù�û ³ ý%$ �û9ú1û�� � ù�� � ü �û��;ÿRü Wø úa$²ølQ[ø ����� � û-ö�ú ��ü � û9úRú1û9ü ü!� ��� ÿaý?û ��� ÿ 
��?û9ü Wø;úRø
ý�ÿaü � ùªÿ�i�� � ÿ�� � �Ri � û � �?û Wø^ö�ø®ù � ÿ1ùIý�� ü�öóû�� � ùªû©�X� � �|ö�ø®ùªøR� �û � ùªÿ 
��?û ý�û úa$ �û��;ÿaüªü�ÿ�� � ø®ùªùªÿ Wû)ù�û � � �0� û9ú�ù �û9ü���ú � ø � û9ü ��)ø®ù�øR� � �û)ù�ÿaü � ÿ 
��?û^ý%$f� � û´ø�i�üpû � �eû-ý?û����|ù�ù �û9úaø � ÿ�� � û �"� ùªû �û��;ÿaü�üªÿ�� � ø�Q®ø �"� û � �û��;ÿaü�üªÿ�� � ø®ù�ùªÿ Wû)ù�û �


� Vä 
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emission avant

EES AV: H0 2.2 MeV -> C (2 ug/cm2)

spectre AV
somme contribs AR

AR=0 e-
AR=1 e-
AR=2 e-
AR=3 e-
AR=4 e-
AR=5 e-
AR=6 e-
AR=7 e-
AR=8 e-
AR=9 e-

î � ï�å uwv �Kæ�ç �|ðZòWó�÷�÷Qþü�� ö�ý�ø%ó�únùHü_ú�ý�÷¥ü[� üMùgþüMôTø�ù'ù'ø%ó�únùgþü��[üý�_ý�÷¥ó8ú�ø�����üMùHö��8ö8ú�ýªüMý�ö8÷�÷�ø�½ü_÷¥üZû�� �XúAü��Mø�	�� üHôZø;ú#��üZûNü)�'ö8÷�	'ó8ú�ü
�2¸�¹�ºå»¼ ø;ú#���çø;úÕþü>üO½ö�¹�º�¾å2põ�ó��X÷Hûxü�ù)(Â*qûxü�,w3 ,P.Fü�0¬3

{ ø®ù���� �"� ù�ûIû � �)ø|ü"ý?ûd���|ù�ù �û9úaø � ÿ�� � ü�û ��� ù�û �û��;ÿRü�ü�ÿ�� � ø�Q®ø �"� û � �û��;ÿRü�ü�ÿ�� � ø®ùªùªÿ Wû)ù�û ��� �P��ü � $ª�Ri � ÿ1û � ý?ù�� � üêö�ú ��ü� � û¶ü���öóû)ùªö~� üªÿ � ÿ�� � ý?û9ü ý�ÿaü � ù�ÿ�i�� � ÿ�� � üCø|ü�ü!�`�)ÿ �û)û9ü Wø ³��û9ú1û�� � ù�� � ü � � � û . û��þö�úaû¶û9ü � �X� ��� ù �û´ö�ø®ù@ú1û9ü ý�ÿaü � ùªÿ�i��`

� ÿ�� � ü¥ýN$ �û9úaû�� � ù�� � üCý�û úaø 5 ïóå uwv �êæ�ç � � � ú?ü�$²ø Z ÿ � ý���ù �û9ü���ú � ø � ý��þý �û)öV�P��ÿaúaúaû��þû �"� ý��þüpöKû�� � ù�ûni�ÿ1ö�ø®ùªøR� �û � ùªÿU
��?û
ø�Q®ø ��� 
Vø®ù�ùªÿ Wû)ù�û ý?û@úa$ �û��;ÿRü�ü�ÿ�� � �û9ú1û�� � ùS� � ÿ 
��?û üpû���� � ý�ø|ÿaù�û@ÿ � ý���ÿ � ûIö�ø®ùFý?û9üCø � �P�þû9üdæ � ý?û s � shç û � � ùªølQ|û)ùªü�ø ���
úaøD� ,û��þûG�)ÿ�i�ú1û4�;ÿ � �eû ý?û[�)ø®ù�iV� � û � Mìû9ü �û9úaû�� � ù�� � ü �û��;ÿaü �û � ø|ÿ1û ��� ý �û � û�� � �û9ü û � ��� � Ò � �)ÿaý�û � �eû ølQ|û��¶ú1û9üIö�ù�� � � � ü
�û��þû)ù Z û ��� ü � � � �Ri�üpû)ù�Q|û©
��%$f� �0� �P�hi�ù�û �û9ú1û�Q �û ýN$ �û9úaû�� � ù�� � ü �û��;ÿaü Wø�úa$²ø®ù�ù�ÿ Wû)ù�û � sXè Ô èêé � ���|ù�ù�û9üpöV� � ý Wø8� � û
ö�ù��Ri�ø�i�ÿaúaÿ � �û ý%$ª�Ri�üpû)ù�Q|û)ù Á �P� µ �û9ú1û�� � ù�� �ëWø�ú2$²ø�Q®ø �"� ü���ö �û)ùªÿ1û��?ù�û Wøþúaø-ö�ù��Ri�ø�i�ÿaúaÿ � �û[�X�lÑ|û ��� û � ý�� ��� �û)û¶ö�ø®ù ú1û9üQ®ø|ú1û��?ùªüFý?û úa$fY�ÿaü � � Z ùªøR�T�;û � û � ý�� � � Wøh� �Tb ø|ÿ�i�ú1û � �P�8i�ù�û ý%$ �û9ú1û�� � ùS� � ü �û�� ÿaü Wø-úa$²ø�Q®ø ����� e ú2$²ÿ � Q|û)ù�üpû � ú��|ùªüS
��?ûÁ �P� üpû���ú1û��þû ��� µ �û9úaû�� � ù�� � û9ü � �û��;ÿRü Wøþúa$²ø®ù�ùªÿ Wû)ù�û � úRø-ö�ù��Ri�ø�i�ÿaúRÿ � �û ýN$ª�Ri�üpû)ù�Q|û)ù Á �P� µ �û9ú1û�� � ùS� �ëWøþúa$²ølQ[ø ��� û9ü �
ÿ �cb �û)ùªÿ1û��?ùªû Wø úaø�ö�ù��Ri�ø�i�ÿaúaÿ � �ûG�X�lÑ|û ��� û � ý%$ª� W�L� �jZ ùªø � ý � �P�hi�ù�û´ýN$ �û9úaû�� � ù�� � ü �û�� ÿaü Wø;úa$²ølQ[ø �����

e ö�ø®ù � ÿaù ý?û��eû9ü ý?û�� . û . û��þö�ú1û9ü � �P��üþöV�P�cQR� � ü;û . øR�;ÿ � û)ù#ý�ÿ y��û)ù�û ��� ü;ö�ùS���eû9ü�üS��ü ý%$²ÿ �"� û)ùªøR� � ÿ � � ý?û9ü
ö�ù�� � û�� � ÿaú1û9ü ÿ � �)ÿaý?û ��� üþü���üS�eû)ö � ÿ�i�ú1û9üþý�û���� � ý���ÿaù�û Wø ý?û9ü0���|ù�ù �û9úaø � ÿ�� � ü û �"� ùªû ú1û9ü �û��;ÿRü�ü�ÿ�� � ü �û9úaû�� � ù�� � ÿ 
��?û9ü
ø®ù�ùªÿ Wû)ùªû´û � ø�Q®ø ��� ý%$f� � û[�)ÿ i�ú1ûG�;ÿ � �eû �

M�øþöV� ü�ü�ÿ�i�ÿRúaÿ � �û ý�û8���|ù�ù �û9úaø � ÿ�� � û ��� ù�û^ú1û9ü �û�� ÿaü�ü�ÿ�� � ü �û9ú1û�� � ù�� � ÿ 
��?û9ü ø®ùªùªÿ Wû)ù�û^û � ø�Q®ø �"� ý%$f� � û��)ÿ�i�ú1û��;ÿ � �eû
ýc� ÿ � ,û � ù�û¶ù�û9úaÿ �û)û Wø�úaø � ø � �?ù�û ý?û9üIö�ù��`�eû9ü�ü���ü ý?û ý �û)ö ,� � ý%$ �û � û)ù Z ÿaû ý�û ú2$²ÿ�� � ÿ � �)ÿaý?û ��� ý�ø � üFú1û ü!� úaÿRý?û ��ìd� û y û �
ÿaú � û b øR� � ö�ø|üH��� � üªÿaý �û)ù�û)ùd� � û öKû)ù � û@ý%$ �û � û)ù Z ÿ1û©�X��Ñ|û ��� û ú1û ú�� �cZ ý��þö�ø®ùS���P�?ù�ü�ý?û@úa$²ÿ � �%� �;ø|ÿaüd� � û � üpû��hi�ú1û
ý?û8��� úRúaÿaü�ÿ�� � üIüS�����eû9ü�ü�ÿ�Q|û9ü ø�Q|û���ú1û9ü �û9ú1û�� � ùS� � ü ý�� ü!� úaÿaý�û � üpû´ö�ù���ý���ÿRü�ø �"�8Wø;ý�û9ü@ý�ÿaü � ø � �eû9ü��X��Ñ|û ��� û9ü �û Z ø|ú1û9ü
øR� úaÿ i�ù�û ö�ø®ùS���P�?ù�ün�X�lÑ|û � ý?û´úa$²ÿ�� �N�

g�� � ü�ÿaý �û)ù�� � ü ö�ø®ù"û . û��þö�ú1û ú1ûÜ�)ø|ü�ý%$f� � ö�ùS� � û�� � ÿaúaû � û��kY�ø �cZ û9ø ��� ö�ø|ü¥ý?û � ø � �?ù�û ý�ø � ü úaû ü�� úaÿaý?û � ���P�T�þû
ý?û9ü ö�ùS� � � � ü � û �>� û¶ü��ci�ÿaü�ü�ø ��� 
��%$f� � û ü�û���ú1û[��� úaúaÿaü�ÿ � � ølQ|û��8� � �û9ú1û�� � ù�� � ý�� ü!� úaÿaý�û � úaÿ i�ù�û@ö�ø®ùS���P�?ùªün�X��Ñ|û �Z ùªø � ý7ý?û�Q®ø ��� úa$ �û)ö�ø|ÿRü�üpû��?ù ý?û úaøD�)ÿ�i�ú1û � � MH$ �û9ú1û�� � ù�� � ý�û ö�ùªû��;ÿ Wû)ù�û Z �û � �û)ù�ø � ÿ�� � 
���ÿ�ø�øR��
���ÿaü�� � û �û � û)ù Z ÿ1û�í �
ú��|ùªüCý?û úaøG��� úaúaÿRü�ÿ�� � ö�ù�� � û�� � ÿaú1û�
 �û9ú1û�� � ùS� �%� Q®ø Wø´ü!� �	� �P�?ù@� �û9ý?û)ùÜ� � û ö�ø®ù � ÿaû ý?û ü!� � �û � û)ù Z ÿ1û@ý�ø � üCý?û9üCÿ ��� û)ùªøR��
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���û �Vm �P��ü ú1û9ü¶ø®ö�öKû9ú1û)ùS� � ü úaû9ü4æâÛ-ù�û���� � ü � ÿ � � �û9ü û � úaû9ü� � � û)ù�� � üÜæ�ÛM � M+û¶üpû���� � ý � û)ùk�þûG���|ù�ù�û9üpöV� � ý øR��Ú0æâÛ � ù�ø � ü��;ÿaü Wø �û � ø � ý?û[�SY�ø®ù Z û Z û9ú �û � 
��?û � �P��ü � � � û)ù�� � üæ ÛN �

� �%OÏ�



ð�ñQPYñSRC� ¡§öK��� �8ô)÷ �$ø�ùIT¡�� U õ�§ó����   � ô ö(� ÷ U · ô � ö#� µ�� � ó+� ô ö(�

E [keV/uma]

0 500 1000 1500 2000 2500

σ c, 
σ l [

ba
rn

s]

103

104

105

106

107

108

109

σc TOBUREN et al.

σc GAILLARD et al.

σc NAKAI et al.

σl TOBUREN et al.

σl GAILLARD et al.

σl NAKAI et al.

V E�W å B5= c æ�çYX�Z�[]\&^Q_a`Dbdce[afg\]hF\][#ceij[9kl[#mn^o[qp[&rs[]\&^Qm3`Dbl_at&ul[wv�x(yLz{ij[�|~}�[&^�iF[�\]hLk�^�u(m3[�p[&rs[]\&^Qm3`Dbl_at&ul[
v�x���zwiF[�|~�
iFhDbdc
i�ue\]h�m&�]`Db�[9[#b � `Db�\&^Q_a`Db�ij[+r � p[&b�[&mQ�F_a[�_�b�\&_aiF[&bl^o[~������[#c�kl`�_�b@^ac�m3[ok�m�p[#c#[&bl^o[&bl^�r-[nc
iF`Dblb+p[�[#c�[L�#k�p[&mn_���[&bl^oh�r-[nc�ij[
�+���@�����l�8���������! ¢¡l£d¤ [#^Iij[�¥�¦%§�¨5¨F¦ ��©g�/�������$ �ª�«d¤�¬ rs[nc�\L`Du(m&�][nc+m3[ok�m�p[#c&[#b@^�[&bl^­rs[#c9[L�#k�m3[#c]c]_a`Dbdc9hDb�hDr>®�^Q_at&ul[#c�iF[�xdy
[&^�x@��i­p[#^o[#mn�9_�b+p[1[#c­kdhDm~¯
¦%°�¦%§ �/���D���� 6ª(±(¤ �

ì Ú�²�³´�µ&¶a·�´D¸l¹#º(»7´D·�´D¸l¹ � o �)�1& 0O� � I ` �)%.01�)�Y� Ö ×$y 243 � ¬��$¼ ¸l¹ ¼(½%¾ ´�µ#¿ ³´�À�Á�´+Â�º(¸ ¾ Â�¶ Ý
³´�µ#´D¸l¹n´ ¾ÄÃ ¶ ½ »�´ ¾~¾n¼ »7¶7Â�´ ¾
Â ¼ ¸@¹:»�´ Ã º�µ ½�¼ ¸�´ � »aº+Å�µ&º Ã ¹#¶ ¼ ¸ÆÂ�´Ä¸�´DÁ�¹nµ#´ ¾�Çº�»oÈ ³´DÀ@Á%¶7»7¶ ½ µ&´IÂ ³´ Ã µ ¼ © Ò�¹�Å ¼ µ#¹n´D·e´D¸l¹­ºD¿(´ Ã »oÈ ³´D¸�´�µ#Éd¶7´Ê¶7¸ Ã ¶7Â�´D¸@¹n´(Ë ª È>º(Á�¹nµ#´² º�µ#¹ � ´D¸gÁ�¹#¶7»7¶ ¾ º(¸l¹�Â�´ ¾�Ã ¶ ½ »�´ ¾ ·e¶7¸ Ã ´ ¾ Â�´ÌÂ�¶ Ý
³´�µ&´D¸l¹n´ ¾ ³´ ² º(¶ ¾&¾ ´DÁ�µ ¾ � Â�´ ñ Çº d Á�Í É@Î Ã ·eÏl� � ¶7» ¾
¼ ¸l¹ ³´�Édº(»�´D·�´D¸@¹Ã/¼ ¸ ¾ ¹#º�¹ ³´ÐÀ�Á�´�»aºÐÅ�µ&º Ã ¹#¶ ¼ ¸�Â�´ ² µ ¼ Ü ´ Ã ¹#¶7»7´ ¾ ¸�´DÁ�¹nµ#´ ¾gÇºS»oÈ ³´DÀ@Á%¶7»7¶ ½ µ&´ ³´�¹#º(¶�¹�¶a¸�Â ³´ ² ´D¸�Â�º(¸@¹n´�Â�´8»oÈ ³´ ² º(¶ ¾#¾ ´DÁ�µÑÂ�´
»7º Ã ¶ ½ »�´(Ë�ÒIÈ ³´DÀ@Á%¶7»7¶ ½ µ&´JÂ�´ Ã�Ó º�µ#É(´wÂ$È>Á�¸SÅ�º(¶ ¾#Ã ´Dº(Á�Â�´ ² µ ¼ ¹ ¼ ¸ ¾ ´ ¾ ¹�Â ¼ ¸ Ã º�¹n¹n´D¶a¸l¹Ì¹nµ Ç´ ¾ µ&º ² ¶aÂ�´D·�´D¸@¹ � ¾ Á�µÆÂ�´ ¾² µ ¼ Å ¼ ¸�Â�´DÁ�µ ¾ ¶a¸�Å ³´�µ&¶7´DÁ�µ#´ ¾eÇº ñ Í É@Î Ã ·eÏ�Ë ` ^ ] � �)01- Ö ×¹y 243 � � : � Â ¼ ¸�¸�´D¸@¹9Á%¸�´�Â ³´�¹n´�µ&·e¶7¸�º�¹#¶ ¼ ¸Ô¶7¸�Â�¶�µ&´ Ã ¹n´�Â�´
��� ´�¹ �%� Â�º(¸ ¾ »7´ Ã º�µ ½Õ¼ ¸�´(Ë�ÖÊ´ ¾ ¿5º(»7´DÁ�µ ¾{¾n¼ ¸@¹
Â ³´DÂ�Á�¶�¹n´ ¾ Â�´Ð·e´ ¾ Á�µ#´ ¾ Â�´ ¾w¾ ´ Ã ¹#¶ ¼ ¸ ¾ ´�× Ã º Ã ´ ¾ Â�º(¸ ¾ Â�´ ¾
Ã ¶ ½ »7´ ¾ Édº � ´DÁ ¾ ´ ¾ Â$È Ó Ñ Â�µ ¼�Ã º�µ ½ Á�µ#´ ¾ ´�¹�Â!È ¼ Ú`Ñ Â�´�Â�´ Ã º�µ ½�¼ ¸�´J´D¸�Á�¹#¶7»a¶ ¾ º(¸@¹�»aº
» ¼ ¶IÂ$È>º(Â%Â�¶�¹#¶�¿�¶�¹ ³´eÂ�´ ¾�¾ ´ Ã ¹#¶ ¼ ¸ ¾
´�× Ã º Ã ´ ¾e¾ Á�µ Ã�Ó º Ã Á�¸�Â�´ ¾ÌÃ/¼ · ² ¼d¾ º(¸@¹ ¾ Â�´ Ã ´ ¾ · ¼ » ³´ Ã Á�»�´ ¾ Ë « ¼ Á�µ�Â�´ ¾ ³´D¸�´�µ#Éd¶�´ ¾ ¶a¸ Ã ¶7Â�´D¸@¹n´ ¾�¾ Á ²Ê³´�µ&¶�´DÁ�µ&´ ¾{Çº
� ÁRÁeØ ´ º Î5Á$Ù o � ^ (�( � X%� º Ã/¼ · ² º�µ ³´Æ»7ºÆÅQµ&º Ã ¹#¶ ¼ ¸
Â�´ ² µ ¼ Ü ´ Ã ¹#¶7»7´ ¾ ¸�´DÁ�¹nµ#´ ¾ Â ³´DÂ%Á�¶�¹n´ÚÂ�´ ¾+¾ ´ Ã ¹#¶ ¼ ¸ ¾ ´�× Ã º Ã ´ ¾ Â�´` ^ ] � �)01- Çº�»aºÑ·�´ ¾ Á�µ#´ÌÂ ¼ ¸�¸ ³´�´ ² º�µ o �)�1& 0O� � I ` �/%'01�)�Y� � ¬�� Ë z º Ã/¼ ¸ Ã »7Á ¾ ¶ ¼ ¸8´ ¾ ¹<À�Á�´�»�´ ¾ ² µ ¼�Ã ´ ¾#¾ Á ¾ Â�´Ã º ² ¹#Á�µ&´Ñ´�¹ÌÂ�´ ² ´�µ&¹n´ ³´D»�´ Ã ¹nµ ¼ ¸%¶7À@Á�´ ² ´DÁ�¿(´D¸@¹ ©´�¹nµ#´ Ã º(» Ã Á%» ³´ ¾ ² ¼ Á�µ�Á�¸�´ Ã ¶ ½ »�´ ¾n¼ »7¶7Â�´ Çº ² º�µ#¹#¶�µÌÂ�´ ¾�¾ ´ Ã ¹#¶ ¼ ¸ ¾
´�× Ã º Ã ´ ¾ Â ³´�¹n´�µ&·e¶7¸ ³´�´ ¾ ² ¼ Á�µÊÁ�¸�´ Ã ¶ ½ »�´9Édº � ´DÁ ¾ ´(ËÕÖÊ´ ² ´D¸�Â%º(¸l¹�Ù Ã ´ Ã ¶$¸$ÈÛ´ ¾ ¹�¿�º(»7º ½ »7´9À�Á�´ ² ¼ Á�µ�Â�´ ¾ ² µ ¼ Ü ´ Ã ¹#¶7»�´ ¾
µ&º ² ¶aÂ�´ ¾ ² ¼ Á�µI»�´ ¾ À�Á�´D» ¾ »�´ ¾Ü¾ ´ Ã ¹#¶ ¼ ¸ ¾ ´�× Ã º Ã ´ ¾ ¸�´+Â ³´ ² ´D¸�Â�´D¸l¹ ² º ¾ Â�´ ¾ ¸�¶�¿(´Dº(Á Ú Â�´�¿�º(»�´D¸ Ã ´�Â�´ ¾ ³´D»�´ Ã ¹nµ ¼ ¸ ¾ »7¶ ³´ ¾
º(Á ¾n¼ »a¶7Â�´(Ë�Ò!´ ¾Ú¾ ´ Ã ¹#¶ ¼ ¸ ¾ ´�× Ã º Ã ´ ¾ Â�´ Ã º ² ¹#Á�µ#´Ì´�¹�Â�´ ² ´�µ#¹n´ ³´D»�´ Ã ¹nµ ¼ ¸�¶7À�Á�´eÂ ¼ ¸@¹Ú¸ ¼ Á ¾ Â�¶ ¾ ² ¼d¾#¼ ¸ ¾ Ù�Â ³´DÂ%Á�¶�¹n´ ¾
Â$ÈÛ´ Ú�²Ê³´�µ&¶�´D¸ Ã ´ ¾�¾ Á�µ<Â�´ ¾ÚÃ ¶ ½ »�´ ¾ Édº � ´DÁ ¾ ´ ¾ ´�¹ ¾#¼ »7¶7Â�´ ¾ � � : � �QÝ ��� ³´�¹#º(¸l¹�¹nµ Ç´ ¾ ² µ ¼�Ã&Ó ´ ¾ Ù!¸ ¼ Á ¾ Á�¹#¶7»a¶ ¾ ´�µ ¼ ¸ ¾ Â ¼ ¸ Ã
»�´DÁ�µ ¾ Å ¼ µ&·�Á%»7º�¹#¶ ¼ ¸ ¾ º(¸�º(» Ñ ¹#¶7À@Á�´ ¾ Ù�Â ³´�¹n´�µ&·e¶a¸ ³´�´ ¾ ² º�µ J{�$#��/% Ö ×�y 243 �QÝY� � ´�¹Æµ#´ ² µ ³´ ¾ ´D¸@¹ ³´�´ ¾ É(µ&º ² Ó ¶7À@Á�´D·�´D¸l¹¾ Á�µ+»aºÌÞ WÕß�B5= c$àoÝ Ë

á ² º�µ#¹#¶�µ<Â�´ ¾<¾ ´ Ã ¹#¶ ¼ ¸ ¾ ´�× Ã º Ã ´ ¾ Â!È ³´ Ã�Ó º(¸�É(´�Â�´ Ã&Ó º�µ#É(´e¶a»:´ ¾ ¹ ² ¼d¾#¾ ¶ ½ »�´ÆÂ�´ Ã º(» Ã Á�»�´�µ<»7º�¿�º�µ&¶7º�¹#¶ ¼ ¸ÔÂ�´�»7º
Å�µ&º Ã ¹#¶ ¼ ¸�Â�´�¸�´DÁ�¹nµ&´ ¾ ² ¼ Á�µ�Á�¸ÆÅ�º(¶ ¾#Ã ´Dº(Áe¶a¸ Ã ¶7Â�´D¸@¹:Â�´ æ Û ´D¸ÌÅ ¼ ¸ Ã ¹#¶ ¼ ¸�Â�ÁÆ¹n´D· ² ¾ Â�´ ² º ¾#¾ º�É(´�âÊã�âIä ��åjæ Ù æ ´ ¾ ¹

�í��çï�
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V EQWÕß�B5= c$à �SX�ê � `Dr>u(^Q_a`DbÑiF[�rsh � m3hF\&^�_a`�b�ë } iF[+b�[&u(^QmL[ncÄi � u(b � h�_6c&\][LhDuÌ_�b�\&_aiF[&bl^�ij[Ü|I}�[&b � `�b�\#^�_a`�bJiDu�^o[&�Ik�c:ì�iF[klh/c]c&h&�5[�ijh�blc<iDu�\]h�m&�]`�b�[Êkl`�u(m<i�_ í{p[&m3[&bl^o[nc�p[#b�[#m��D_a[#c9_�b�\#_aij[#b@^�[#c&�$�%[#cIkl`�_�b@^ac<\L`Dmnm3[#cQkl`�b�iF[&bl^�kl`�u(mÚ\]îdhjt#ul[ïp[&b�[&mQ�F_a[
hDuF��^o[#�~k@cÜiF[�klh/c]c&h&�5[~ijh�bdc�rsh+\&_a�#r-[­��_�b�\][IiF[Ä\LhDm&�]`�b�[~iF[Ið&ñ@òôóõ v�_�b�\&r>_�b+p[�[eöh­ñ�ò@÷­kdhDm­m3hLkjkd`Dmn^�h�u � h�_6c&\][]h�u�_�b�\&_aiF[&bl^sz
[&^�mL[�k�mÕp[nc&[&bl^o[#b@^�rsh � m3hF\&^�_a`�bwiF[
b�[&u(^Qm3[#c{öh�rsh<c#`Dmn^Q_a[9iF[�rsh�\#_a�&rs[1�%��[nc�kl`�_�bl^�_�r�r�p[#c�c&[#m � [#b@^Ìöh��Du(_aij[#m
rs[+mL[��5h�mLiF�

»aºe¿�¶�¹n´ ¾#¾ ´Æ¶7¸ Ã ¶7Â�´D¸@¹n´�Â%Á ² µ ¼ Ü ´ Ã ¹#¶7»�´jø�ËÕÒ!´ ¾ µ ³´ ¾ Á�»7¹#º�¹ ¾ Â�´ Ã ´ Ã º(» Ã Á�» ² ¼ Á�µ�Â�´ ¾ Å�º(¶ ¾#Ã ´Dº(Á Ú ¶7¸ Ã ¶aÂ�´D¸l¹ ¾ Â�´�ù Û Â�´
Â%¶ Ý
³´�µ#´D¸@¹n´ ¾ ³´D¸�´�µ&Éd¶�´ ¾~¾n¼ ¸@¹~· ¼ ¸@¹nµ ³´ ¾Ê¾ Á�µI»7º�Þ W�ß:Bj= c$à � ËlÒ�º�Å�µ&º Ã ¹#¶ ¼ ¸ÑÂ�´+¸�´DÁ�¹nµ#´ ¾ Â ³´ Ã µ ¼ © ú ¹I´ Ú�² ¼ ¸�´D¸l¹#¶7´D»7»�´D·�´D¸@¹² ¼ Á�µ­»�´ ¾ ¹n´D· ² ¾ Â�´ ² º ¾#¾ º�É(´ Ã/¼ Á�µ#¹ ¾ ´�¹ ¾ ´ ¾ ¹#º ½ ¶7»7¶ ¾ ´ Çº�Á�¸�´Ê¿5º(»7´DÁ�µ Ã/¼ ¸ ¾ ¹#º(¸l¹n´+À�Á�¶ Ã/¼ µ#µ#´ ¾ ² ¼ ¸�Â Çº�»7º�ÅQµ&º Ã ¹#¶ ¼ ¸ÆÂ�´
¸�´DÁ�¹nµ#´ ¾�ÇºÚ»�È ³´DÀ�Á�¶7»a¶ ½ µ#´�Â�´ Ã�Ó º�µ#É(´(Ë@Ò:º<µ&º ² ¶aÂ�´�Â ³´ Ã µ ¼ ¶ ¾#¾ º(¸ Ã ´�Â�´+»7º ¾ ´ Ã ¹#¶ ¼ ¸e´�× Ã º Ã ´�Â�´ Ã º ² ¹#Á�µ#´
ºD¿(´ Ã »oÈ ³´D¸�´�µ#Éd¶7´
¶a¸ Ã ¶7Â�´D¸@¹n´Sã 9 7 3 Þ W�ß:Bj= c$àoÝ ø ¾ ´û¹nµ�º(Â�Á�¶�¹ ² º�µÑÁ�¸�´�ÅQµ�º Ã ¹#¶ ¼ ¸üÂ�´8¸�´DÁ�¹nµ#´ ¾ÔÇº�»�È ³´DÀ�Á�¶7»a¶ ½ µ#´wÀ�Á�¶
Â�¶a·e¶7¸�Á�´ ² ¼ Á�µ
Â�´ ¾ ³´D¸�´�µ#Éd¶7´ ¾ ¶7¸ Ã ¶aÂ�´D¸l¹n´ ¾�Ã µ ¼ ¶ ¾#¾ º(¸l¹n´ ¾ Ë�Ò!´ ¾ ² ¼ ¶a¸l¹ ¾�¾ Á�µ�»�´ ¾ Â�¶ Ý
³´�µ#´D¸l¹n´ ¾ÆÃ/¼ Á�µ ½ ´ ¾ � Û ã�â#ø Ã/¼ µ#µ&´ ¾ ² ¼ ¸�Â�´D¸@¹�º(Á Ú¹n´D· ² ¾ Â�´ ² º ¾#¾ º�É(´�Â�´ ¾ ² µ ¼ Ü ´ Ã ¹#¶7»�´ ¾ Â�º(¸ ¾ »7º Ã ¶ ½ »7´�·J¶7¸ Ã ´<Â�´ 
 dlýôþá Ù Ã º(» Ã Á�» ³´ ¾ ² ¼ Á�µ�»�´ ¾ ³´D¸�´�µ#Éd¶�´ ¾ ¶7¸ Ã ¶7Â�´D¸@¹n´ ¾
Ã/¼ µ&µ#´ ¾ ² ¼ ¸�Â�º(¸@¹n´ ¾ ËÊÿ�¸ Ã/¼ ¸ ¾ ¹#º�¹n´�À�Á�´ ² ¼ Á�µeÂ�´ ¾ ³´D¸�´�µ#Éd¶�´ ¾ ¶7¸�Å ³´�µ&¶�´DÁ�µ#´ ¾ûÇº 
�� ´ º »7´
Å�º(¶ ¾#Ã ´Dº(Á ³´D·�´�µ#É(´D¸@¹{º
º�¹n¹n´D¶a¸l¹�»oÈ ³´DÀ�Á�¶7»7¶ ½ µ#´
Â�´ Ã&Ó º�µ&É(´ÚÂ�º(¸ ¾ »7º Ã ¶ ½ »�´(Ù@º(» ¼ µ ¾ À@Á�´ ² ¼ Á�µ�Â�´ ¾ ³´D¸�´�µ#Éd¶�´ ¾�¾ Á ²�³´�µ�¶�´DÁ�µ#´ ¾<Çº 
�� ´ º »�´9¹n´D· ² ¾
Â�´ ² º ¾#¾ º�É(´{Â�º(¸ ¾ »7º Ã ¶ ½ »7´�´ ¾ ¹�¹nµ ¼ ² Ã/¼ Á�µ#¹ ² ¼ Á�µ�À@Á�´Ñ»oÈ ³´DÀ�Á�¶7»7¶ ½ µ#´�Â�´ Ã&Ó º�µ#É(´ ¾#¼ ¶�¹�º�¹n¹n´D¶7¸@¹�Ë á Ã ´ ¾ ³´D¸�´�µ#Éd¶�´ ¾³´D»�´�¿ ³´�´ ¾ »oÈ>º(Á�Éd·�´D¸l¹#º�¹#¶ ¼ ¸ Â�´�»aºûÅ�µ&º Ã ¹#¶ ¼ ¸�Â�´w¸�´DÁ�¹nµ&´ Çºg»oÈ ³´D·�´�µ#É(´D¸ Ã ´
Â�´�»aº Ã ¶ ½ »�´Ñ´ ¾ ¹ÌÂ%Á�´�º(Á Ú º�¹ ¼ ·�´ ¾ ù Û
¶a¸ Ã ¶7Â�´D¸@¹ ¾ À@Á%¶$¸$È ¼ ¸l¹ ² º ¾+¾ Á ½ ¶ÕÂ!È>¶ ¼ ¸�¶ ¾ º�¹#¶ ¼ ¸wÂ�º(¸ ¾ »�´ ¾n¼ »a¶7Â�´�´�¹
À�Á�¶ ¾n¼ ¸@¹+¹nµ&º(¸ ¾ ·J¶ ¾�Çº�¹nµ&ºF¿(´�µ ¾ »7º Ã ¶ ½ »�´(Ë

« ¼ Á�µÊÁ�¸JÅ�º(¶ ¾#Ã ´Dº(ÁÑÂ�´�ù Û ¶7¸ Ã ¶7Â�´D¸l¹ ¾ Â$È ³´D¸�´�µ#Éd¶�´��eÙ�¸ ¼ Á ¾ ºF¿ ¼ ¸ ¾�Ã º(» Ã Á�» ³´�»�´ ¾ ÅQµ&º Ã ¹#¶ ¼ ¸ ¾ Â�´9¸�´DÁ�¹nµ#´ ¾ µ#´ Ã/¼ ¸ ¾��
¹#¶7¹#Á ³´ ¾ � Û M ã�� ãKç ø<´�¹ Çº ³´�¹#º�¹ÌÂ�´ Ã&Ó º�µ#É(´JÉ(´D» ³´ � Û N ã�� ãKç ø Çº
»oÈ ³´D·�´�µ#É(´D¸ Ã ´�Â�´e¸ ¼ ¹nµ#´ Ã ¶ ½ »7´e·e¶7¸ Ã ´�Â�´ Ã º�µ ½Õ¼ ¸�´(ËÒ�´DÁ�µ ¾n¼ ·J·�´ � Û ã�� ãKç ø�´ ¾ ¹
»7ºÌÅ�µ&º Ã ¹#¶ ¼ ¸
¹ ¼ ¹#º(»�´�Â�´Ú¸�´DÁ�¹nµ#´<´D¸ ¾n¼ µ&¹#¶�´�Â�´ Ã ¶ ½ »�´<·e¶7¸ Ã ´(Ë�Ò:ºÌÅQµ&º Ã ¹#¶ ¼ ¸
¹ ¼ ¹#º(»�´�Â�´¸�´DÁ�¹nµ#´ ¾ ´D¸ ¾n¼ µ#¹#¶7´ÑÂ�´ Ã ¶ ½ »�´ ³´ ² º(¶ ¾#¾ ´8ã ç ä 
[
	��
 þá øÚ´ ¾ ¹ ³´�Édº(»�´ Çºû»aº
Å�µ&º Ã ¹#¶ ¼ ¸ïÂ�´Ñ¸�´DÁ�¹nµ#´ ¾�Çº8»oÈ ³´DÀ@Á%¶7»7¶ ½ µ&´ÌÂ�´
Ã�Ó º�µ#É(´(ËÜÒ!´ ¾ µ ³´ ¾ Á�»7¹#º�¹ ¾�¾n¼ ¸l¹Ì· ¼ ¸@¹nµ ³´ ¾�¾ Á�µÆ»7º
Þ W�ß:Bj= c$àjc Ù­»�´ ¾ ¿5º(»7´DÁ�µ ¾ ² ¼ Á�µÌ»�´ ¾ ³´D¸�´�µ#Éd¶�´ ¾ ¶7¸ Ã ¶aÂ�´D¸l¹n´ ¾ À@Á�´

� �
���
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V E�W�ß:B5= c$àjc XÄê � `Dr>u(^�_a`�b
iF[9rsh � m3hj\#^�_a`�b
iF[9b�[#u(^�m3[#c�m3[]\L`Dbdcn^�_�^Qu�p[#c~ë }���� ��������[#^ÜiF[9b�[#u(^�m3[#cûöh p[&^�hD^IiF[�\Lîlh�mQ�5[��5[#r�p[
ë }�� � ��������i � u(b � hD_6c&\L[]hDu�ij[Ü|I}<_�b�\#_aij[#b@^$cnu(mÄu(b�[�\#_a�&rs[+��_�b�\L[�ij[
\]h�m&�]`Db�[+i � p[�klh�_6c]c&[#u(m���������� óõ ¬ _�b�\#r¢_�b+p[1[
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� ¼ Á ¾ º(»7» ¼ ¸ ¾ ² µ ³´ ¾ ´D¸@¹n´�µÌ¹ ¼ Á�¹ÆÂ!È>º ½Õ¼ µ�Â�»�´ ¾ µ ³´ ¾ Á�»�¹#º�¹ ¾ Â�´�»oÈ ³´D·e¶ ¾#¾ ¶ ¼ ¸ ³´D»�´ Ã ¹nµ ¼ ¸�¶aÀ@Á�´ ¾ ´ Ã/¼ ¸�Â�º(¶7µ#´Ñ·�´ ¾ Á�µ ³´�´Ñ´D¸Ã/¼ Þ ú ¸ Ã ¶7Â�´D¸ Ã ´ÊºD¿(´ Ã »�´ ¾ ² µ ¼ ¹ ¼ ¸ ¾ ³´D·�´�µ&É(´Dº(¸l¹IÂ�´ ¾�Ã ¶ ½ »7´ ¾ Â�´ Ã º�µ ½�¼ ¸�´ ² ¼ Á�µ:Â�´ ¾ Å�º(¶ ¾#Ã ´Dº(Á Ú ¶7¸ Ã ¶7Â�´D¸@¹ ¾ Â�´�ù Û ´�¹�Â�´² µ ¼ ¹ ¼ ¸ ¾ ËlÒ:ºÚÅ�µ&º Ã ¹#¶ ¼ ¸ÑÂ�´�¸�´DÁ�¹nµ#´ ¾ Â�º(¸ ¾ »�´+Å�º(¶ ¾#Ã ´Dº(Á ³´D·�´�µ#É(´D¸@¹Ä´ ¾ ¹~¹nµ Ç´ ¾ Å�º(¶ ½ »�´�´D¸Ñµ&º(¶ ¾n¼ ¸eÂ�´
»7ºÚ¿�º(»�´DÁ�µ ³´D»�´�¿ ³´�´
Â�´9»7º ¾ ´ Ã ¹#¶ ¼ ¸�´�× Ã º Ã ´ÚÂ�´ ² ´�µ#¹n´ ³´D»�´ Ã ¹nµ ¼ ¸�¶7À�Á�´ ��� Ã/¼ ·e·�´�¸ ¼ Á ¾ »oÈ>ºF¿ ¼ ¸ ¾ ¿�Á�Â�º(¸ ¾ »�´ ² º�µ&º�É(µ&º ² Ó ´ ² µ ³´ Ã ³´DÂ�´D¸@¹�Ëá ² µ Ç´ ¾ ¹nµ&ºD¿(´�µ ¾ ³´�´gÂ�´ ¾JÃ ¶ ½ »7´ ¾ ÙI»7ºÔÅ�µ&º Ã ¹#¶ ¼ ¸ Â�´ ² µ ¼ Ü ´ Ã ¹#¶7»�´ ¾ ¸�´DÁ�¹nµ#´ ¾ »7º ² »7Á ¾ ³´D»7´�¿ ³´�´ÔÂ�º(¸ ¾ ¸ ¼d¾ ´ Ú�²Ê³´�µ&¶�´D¸ Ã ´ ¾³´�¹#º(¶�¹�Â�´ 
 Ë Z 0 ¾ ´DÁ�»�´D·�´D¸@¹{ã 9 7 3 #�%'&)( = % ß c!àoÝ A à��Q: øÚ´�¹ Ã/¼ µ#µ#´ ¾ ² ¼ ¸%Â�º(¶�¹ Çº8»7º Ã/¼ · ² ¼d¾ ¶�¹#¶ ¼ ¸SÂ�Á�Å�º(¶ ¾#Ã ´Dº(Á³´D·�´�µ&É(´D¸l¹ÚÂ�´ ² »7Á ¾+½ º ¾#¾ ´ ³´D¸�´�µ#Éd¶�´wã ;f {
 Ø ´ º Î5Á�·Jºlø�Ë ª º(¸ ¾�Ã ´ ¾�Ã/¼ ¸�Â�¶7¹#¶ ¼ ¸ ¾ ´ Ú�²�³´�µ&¶7·e´D¸l¹#º(»�´ ¾ Ù ¼ ¸ ² ´DÁ�¹
Â ¼ ¸ ÃÃ/¼ ¸ ¾ ¶7Â ³´�µ#´�µÌÀ@Á�´Ñ»�´ ¾ µ#´D¸�Â�´D·e´D¸l¹ ¾ ³´D»�´ Ã ¹nµ ¼ ¸�¶7À�Á�´ ¾ ·�´ ¾ Á�µ ³´ ¾ ´D¸ Ã/¼ Þ ú ¸ Ã ¶7Â�´D¸ Ã ´ÑºF¿(´ Ã ¹ ¼ Á ¾ »�´ ¾ ³´�¹#º�¹ ¾ Â�´ Ã&Ó º�µ#É(´³´D·�´�µ&É(´D¸l¹ ¾­¾n¼ ¸@¹ Ã º�µ&º Ã ¹ ³´�µ&¶ ¾ ¹#¶7À�Á�´ ¾ Â�´ ¾ ² µ ¼ ¹ ¼ ¸ ¾ Â�´ ¾#¼ µ#¹#¶�´(Ë ª ´ ¾�¾ ² ´ Ã ¹nµ#´ ¾ ´ Ú�²Ê³´�µ&¶7·�´D¸@¹#º(Á Ú Ã º�µ&º Ã ¹ ³´�µ&¶ ¾ ¹#¶7À�Á�´ ¾ Â�´
»�È ³´D·J¶ ¾#¾ ¶ ¼ ¸Ñº�µ#µ&¶ Ç´�µ#´�¶7¸�Â%Á�¶�¹n´ ² º�µ�Â�´ ¾ º�¹ ¼ ·�´ ¾ ù Û Â�´�Â�¶ Ý
³´�µ#´D¸@¹n´ ¾ ³´D¸�´�µ#Éd¶�´ ¾ ´�¹Ê»7´ ¾ Â�¶ ¾ ¹nµ&¶ ½ Á�¹#¶ ¼ ¸ ¾ ³´D»�´ Ã ¹nµ ¼ ¸�¶aÀ@Á�´ ¾
Â�´ ¾ ³´D»�´ Ã ¹nµ ¼ ¸ ¾ ³´D·e¶ ¾+Ã/¼ µ#µ&´ ¾ ² ¼ ¸�Â�º(¸@¹n´ ¾+¾n¼ ¸@¹
· ¼ ¸@¹nµ ³´ ¾�¾ Á�µ+»7ºÌÞ WÕß�B5= c$àp: Ë

¡$¢Q£$¢�¤ ¥2¦¨§�©'©ª§N«�¬ ­®?¯°®r±³²T´ «�¬�§Nµ�¶ ®¸·v´b´ §�¹®h´�®
Ò:º
Þ W�ß:B5= c!à»º · ¼ ¸l¹nµ&´Ê»oÈ ³´�¿ ¼ »7Á�¹#¶ ¼ ¸ÌÂ�´ ¾ µ&´D¸�Â�´D·�´D¸@¹ ¾ ³´D»7´ Ã ¹nµ ¼ ¸�¶7À�Á�´ ¾ ·�´ ¾ Á�µ ³´ ¾ ºF¿(´ Ã »aº Ã ¶ ½ »�´~·e¶7¸ Ã ´~´�¹­»7º Ã ¶ ½ »�´³´ ² º(¶ ¾#¾ ´Ú´D¸wÅ ¼ ¸ Ã ¹#¶ ¼ ¸ûÂ�´Ú»oÈ ³´D¸�´�µ#Éd¶�´�¶7¸ Ã ¶7Â�´D¸@¹n´(Ë�Ò!´ ¾ µ#´D¸�Â�´D·�´D¸@¹ ¾ ³´D»�´ Ã ¹nµ ¼ ¸�¶7À�Á�´ ¾ á ß ã�ù Û�ã ù ä øÊ´�¹ á ß ã�ù ä·ã ù ä ø² ¼ Á�µeÂ�´ ¾ º�¹ ¼ ·�´ ¾ ù Û ¶7¸ Ã ¶7Â�´D¸l¹ ¾ ´�¹JÂ�´ ¾ ² µ ¼ ¹ ¼ ¸ ¾ ¶7¸ Ã ¶7Â�´D¸@¹ ¾ÌÃ/¼ µ#µ#´ ¾ ² ¼ ¸�Â�´D¸l¹ ÇºÔÂ�´ ¾ ·�´ ¾ Á�µ#´ ¾ µ ³´Dº(»7¶ ¾ ³´�´ ¾ ´D¸
Ã/¼ Þ ú ¸ Ã ¶7Â�´D¸ Ã ´ÚºF¿(´ Ã »�´ ¾ ² µ ¼ ¹ ¼ ¸ ¾ ³´D·e´�µ#É(´D¸l¹ ¾ Ë

ÒIÈ>¶7¸�Â ³´ ² ´D¸�Â%º(¸ Ã ´
Â�´ á ß ã�ù ä¾ã ù ä øÌ¿�¶ ¾��1Çº � ¿�¶ ¾ Â�´�»oÈ ³´ ² º(¶ ¾#¾ ´DÁ�µÑÂ�´û»aº Ã ¶ ½ »�´
¶a¸�Â�¶7À�Á�´wÀ@Á�´û»7º ² µ ¼ Å ¼ ¸�Â�´DÁ�µ
· ¼�* ´D¸�¸�´<Â$È ³´ Ã�Ó º ²�² ´D·�´D¸@¹+Â�´ ¾ ³´D»7´ Ã ¹nµ ¼ ¸ ¾ +½¼Q¾�´ ¾ ¹�¶7¸�Å ³´�µ&¶�´DÁ�µ#´ ÇºÆ»oÈ ³´ ² º(¶ ¾#¾ ´DÁ�µ�Â�´9»aº Ã ¶ ½ »�´�»7º ² »7Á ¾ ·e¶7¸ Ã ´(Ù�Â ¼ ¸ Ã
¶a¸�Å ³´�µ&¶7´DÁ�µ#´ Çº 
 dlýôþá Ë

ª È>º(Á�¹nµ#´ ² º�µ#¹�Ù%¸ ¼ Á ¾ ºD¿ ¼ ¸ ¾ º(Á ¾&¾ ¶!¿ ³´�µ&¶ 	�³´�»aºeµ#´D»7º�¹#¶ ¼ ¸ûÂ�´ ² µ ¼ ² ¼ µ#¹#¶ ¼ ¸�¸�º(»a¶�¹ ³´<´D¸l¹nµ#´Ì»�´Úµ&´D¸�Â�´D·�´D¸@¹ ³´D»�´ Ã ¹nµ �¼ ¸%¶7À@Á�´Ä¶7¸�Â%Á�¶�¹ ² º�µÜÂ�´ ¾ ² µ ¼ ¹ ¼ ¸ ¾ ´�¹­»7º ² ´�µ#¹n´ÊÂ!È ³´D¸�´�µ#Éd¶�´�Â�´ ¾ ² µ ¼ ¹ ¼ ¸ ¾ ¶7¸ Ã ¶aÂ�´D¸l¹ ¾�¿ ¾5ã�ù ä ø�Ë(Ò!´ ¾ ¿�º(»�´DÁ�µ ¾ Á�¹#¶7»7¶ ¾ ³´�´ ¾
� �
À��
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γB(H+,H+) = ΛBSe(H
+)
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p[oklh�_6c]c&[Æh � []\ÌiF[#cÊk�m3`D^�`Dbdc�[&^ÊiF[#c�h�^o`��<[#cÚi � î�®FiDm3`3��ö[&b�[Æ_�b�\&_aiF[&bl^Qc ¬ [&b�\]`ÑÐÒ b�\&_aiF[&b�\][Ìh � []\ij[nc�k�m3`�^o`�blc8p[&�<[#mQ�5[&bl^Qc ¬ [&^�\]`D�Iklh�m3hD_6c&`�b
h � []\+rs[Ükl`�u � `�_�m�i � h�mnmÔÓ[&^ÜiDuJ\]h�m&�]`�b�[��
² ¼ Á�µ+»aº ² ´�µ&¹n´ÚÂ$È ³´D¸�´�µ#Éd¶�´ ¾#¼ ¸l¹ Ã ´D»a»�´ ¾ Â ¼ ¸�¸ ³´�´ ¾ ² º�µ � - g 01�/(t01-ÖÕ{× y 2æ3 �aÝ �ÙØ

á ß ã�ù ä ã ù ä øHä Ú ß ¿ ¾jã�ù ä ø ãGÛ�Ë � ø
Ò:ºÌ¿5º(»7´DÁ�µ
Â�Á ² º�µ�º(· Ç´�¹nµ#´$Ú ß º(¶7¸ ¾ ¶$Â ³´�¹n´�µ&·e¶7¸ ³´�´�´ ¾ ¹ Ã/¼ · ² º�¹#¶ ½ »�´<ºD¿(´ Ã Â�´ ² µ ³´ Ã ³´DÂ�´D¸@¹n´ ¾ Â ³´�¹n´�µ&·e¶7¸�º�¹#¶ ¼ ¸ ¾dØ

Ú ß ä 
ÙÜ d[d�Ý 
ÙÜt
�; þá å ´ º ãGÛ�ËÞ/dø
ª º(¸ ¾ »�´ Ã º ¾ Â�´ ² µ ¼ Ü ´ Ã ¹#¶7»�´ ¾ ¶7¸ Ã ¶7Â�´D¸@¹ ¾ ¸�´DÁ�¹nµ#´ ¾ Ù%»7´ ¾ µ#´D¸�Â�´D·�´D¸l¹ ¾ ³´D»�´ Ã ¹nµ ¼ ¸�¶aÀ@Á�´ ¾ á ß ã�ù Û�ã ù ä ø ¾n¼ ¸@¹ ³´�Édº �

»7´D·�´D¸l¹�¶7¸%Â ³´ ² ´D¸%Â�º(¸l¹ ¾ Â�´{»oÈ ³´ ² º(¶ ¾&¾ ´DÁ�µeÂ�´ ¾ÌÃ ¶ ½ »7´ ¾ Ù Ã ´
À�Á�¶Ä´ ¾ ¹�´D¸�º Ã�Ã/¼ µ&Â ºF¿(´ Ã »7º8Å�º(¶ ½ »�´J¿�º(»�´DÁ�µ�Â�Á�»7¶ ½ µ#´² º�µ Ã/¼ Á�µ ¾ · ¼"* ´D¸ß+ Û Â�´ ¾ ù Û Â�º(¸ ¾ »�´ Ã º�µ ½�¼ ¸�´(Ù�À@Á%¶�¿�º�µ&¶�´�Â�´ � þá Çº ;f {
 Ø ´ º Ü Á ¾ À�Á$È Çº�Û d þá Çº ; Ë ;�� ´ º ã 9 7 3
#"%'&³( = % ß c!àoÝ ø�Ë

Ò!´ ¾ µ&´D¸�Â�´D·�´D¸@¹ ¾ ³´D»�´ Ã ¹nµ ¼ ¸%¶7À@Á�´ ¾ ¶7¸�Â%Á�¶�¹ ¾ ² º�µ�Â�´ ¾ ù Û�² »7Á ¾ ³´D»�´�¿ ³´ ¾ À�Á�´ Ã ´DÁ Ú ¶7¸%Â�Á�¶�¹ ¾ ² º�µ�Â�´ ¾ ² µ ¼ ¹ ¼ ¸ ¾² ´DÁ�¿(´D¸@¹ ¾ ÈÛ´ Ú�² »7¶7À�Á�´�µ ² º�µw»�´8Å�º(¶�¹�À�Á�´g»�´ ¾ ³´D»�´ Ã ¹nµ ¼ ¸ ¾ Â�Á ² µ ¼ Ü ´ Ã ¹#¶7»�´ ² ´�µ&Â�Á ¾ » ¼ µ ¾ Â�´g»oÈ>¶ ¼ ¸�¶ ¾ º�¹#¶ ¼ ¸üÂ�Áqù Û
Ã/¼ ¸@¹nµ&¶ ½ Á�´D¸l¹�º(Á µ&´D¸�Â�´D·�´D¸@¹eº�µ#µ&¶ Ç´�µ#´ ² º�µe»oÈ ³´D·e¶ ¾#¾ ¶ ¼ ¸ ³´D»7´ Ã ¹nµ ¼ ¸�¶7À�Á�´
À�Á$È>¶7» ¾ ´D¸�É(´D¸�Â�µ#´D¸l¹�ÙÜ´�¹eº(Á ¾#¾ ¶ ² º�µe»�´DÁ�µ
¹#º(Á Ú Â�´+µ ³´�¹nµ ¼ Â�¶ Ý Á ¾ ¶ ¼ ¸ �¢: � Ë�ÿ�¸ ² ´DÁ�¹ ¾ ´9Â�´D·eº(¸�Â�´�µ ¾ ¶%»oÈ ³´D·e¶ ¾#¾ ¶ ¼ ¸ ³´D»7´ Ã ¹nµ ¼ ¸�¶7À�Á�´ ² µ ¼ Â%Á�¶�¹n´ ² º�µÊù Û ¸!ÈÛ´ ¾ ¹ ² º ¾
¹ ¼ Á�¹ ¾ ¶7· ² »7´D·�´D¸l¹�»7º ¾n¼ ·e·�´�Â�´ ¾ÜÃ/¼ ¸@¹nµ&¶ ½ Á�¹#¶ ¼ ¸ ¾ Â$È>Á�¸ ² µ ¼ ¹ ¼ ¸Ì´�¹IÂ!È>Á�¸ ³´D»7´ Ã ¹nµ ¼ ¸e¶7¸�Â ³´ ² ´D¸�Â%º(¸l¹ ¾ Ë�à~¸�Á�¹#¶7»7¶ ¾ º(¸@¹
»7´ ¾ Â%¶ ¾ ¹nµ&¶ ½ Á�¹#¶ ¼ ¸ ¾ ³´D»7´ Ã ¹nµ ¼ ¸�¶7À�Á�´ ¾ Â$È>Á�¸ ² µ ¼ ¹ ¼ ¸âá{ãåäÕã�ù ä ø�æe´�¹ÚÂ$È>Á�¸gù Û á{ãåä$ã�ù Û ø�ædÙ ¼ ¸ÔÂ�´�¿@µ&º(¶7¹ ¾ ¶ Ã ÈÛ´ ¾ ¹Ú»7´
Ã º ¾ ¹nµ ¼ Á�¿(´�µ9»7º�Â�¶ ¾ ¹nµ�¶ ½ Á�¹#¶ ¼ ¸ÑÂ�´�»oÈ ³´D»�´ Ã ¹nµ ¼ ¸û¶7¸ Ã ¶aÂ�´D¸l¹�á{ã ä ã�´ . ø�æ ² º�µ ¾ ¶7· ² »�´�Â ³´ Ã/¼ ¸@¿ ¼ »7Á�¹#¶ ¼ ¸ � c �ÙØ

ã ä ã�´ . øHä ãåäÕã�ù Û ø³çéè äêJë  ã ê ã�ù ä ø�ãåä . ê ã�´�.�øã Û ã�ù ä ø ãGÛ�Ë 
l
 ø
� �+� �



ð�ñÂÁ1ñÐò�ó½Ã Ä»ÄNÃ Å ô~õÆ � Æ ö�ÇNÈtÅ ô Ã è&é Æ ¡�Ä»Ä°Å8öQÃ õÆQÆ ¡]éQÉ$£ÊÈËÅ�ÇJÅ ô Ä õÆ ó Æ È   Æ ô ÇJÄ
ºD¿(´ Ã ² ¼ Á�µ ² µ#´D·e¶7´�µ�¹n´�µ&·�´ Ø

ã Û ã�´ . ø ä ã Û ã�ù Û øã Û ã�ù ä ø ãGÛ�Ë 
[
 ø
ÖÊ´�¹n¹n´ ² µ ¼�Ã ³´DÂ�Á�µ#´ Ã/¼ ¸�Â�Á�¶7¹ ÇºÑÁ%¸ ³´ Ã&Ó ´ Ã ¹ ¼ ¹#º(» Ã º�µ<Â Ç´ ¾ »�´ ¾ ´ Ã/¼ ¸�Â8¹n´�µ&·�´Ì¸ ¼ Á ¾ ¹nµ ¼ Á�¿ ¼ ¸ ¾ ã  ã�´�.�øyì 
 ² ¼ Á�µ
¹ ¼ Á�¹n´ ¾ »�´ ¾ ³´D¸�´�µ#Éd¶7´ ¾ ¶a¸ Ã ¶7Â�´D¸@¹n´ ¾ Ù ¾ º(¸ ¾ À�Á�´ Ã ´D»7º ¾n¼ ¶�¹�¶7· ² Á�¹#º ½ »�´ ÇºÆÁ�¸Ñ·Jº(¸�À@Á�´�Â�´ ¾ ¹#º�¹#¶ ¾ ¹#¶aÀ@Á�´�Â�´ ¾Ê¾ ² ´ Ã ¹nµ#´ ¾ Ëª ¼ ¸ Ã »�È ³´D·J¶ ¾#¾ ¶ ¼ ¸ ³´D»7´ Ã ¹nµ ¼ ¸�¶7À�Á�´ ¾ ´ Ã/¼ ¸�Â%º(¶�µ#´
º�µ#µ�¶ Ç´�µ#´
Â�´ ¾ ù Û ¸�´�µ ³´ ¾ Á�»�¹n´ ² º ¾ Â�´ ¾ ¶a¸l¹n´�µ&º Ã ¹#¶ ¼ ¸ ¾ ¶7¸�Â ³´ ² ´D¸�Â%º(¸l¹n´ ¾
Â$È>Á�¸ ² µ ¼ ¹ ¼ ¸Ì´�¹IÂ$È>Á�¸ ³´D»�´ Ã ¹nµ ¼ ¸$Ë@ÖÊ´�¹n¹n´ ² µ#´D·e¶ Ç´�µ#´ ¼(½%¾ ´�µ#¿5º�¹#¶ ¼ ¸�· ¼ ¸l¹nµ&´�À�Á�´+»oÈ ³´ Ã µ&º(¸@¹#º�É(´�·ÆÁ�¹#Á�´D»�Â�´�»7º Ã�Ó º�µ#É(´
Â�Á ² µ ¼ ¹ ¼ ¸w´�¹
Â�´�»oÈ ³´D»�´ Ã ¹nµ ¼ ¸û»a¶ ³´�Â�Áwù Û ºD¿�º(¸l¹9¶ ¼ ¸�¶ ¾ º�¹#¶ ¼ ¸wÂ ¼ ¶�¹ ©´�¹nµ#´ ² µ&¶ ¾ ´D¸ Ã/¼ · ² ¹n´�Â�º(¸ ¾ »oÈÛ´ ¾ ¹#¶7·Jº�¹#¶ ¼ ¸wÂ�´ ¾
Â�¶ Ý
³´�µ#´D¸@¹n´ ¾ ¶7¸@¹n´�µ&º Ã ¹#¶ ¼ ¸ ¾ ºD¿(´ Ã »�´ ¾ ³´D»�´ Ã ¹nµ ¼ ¸ ¾ Â�´ ¾+Ã ¶ ½ »�´ ¾ Ë

í ´ «�î�«�¬hï ® ¶ ´ ï�ð
­®r±vñh·�ò�ò�® ¦ ® ¬ ² ï ® ©ó­®h¯°®�±³²T´ «�¬h©ô© ®r± «�¬Lï · § ´�® ©

Ò�º Ã/¼ · ² º�µ&º(¶ ¾n¼ ¸�Â�´�»oÈ ³´D·e¶ ¾&¾ ¶ ¼ ¸ ³´D»�´ Ã ¹nµ ¼ ¸�¶7À�Á�´ ¾ ´ Ã/¼ ¸%Â�º(¶�µ#´Æº�µ#µ&¶ Ç´�µ#´Æ¶7¸�Â�Á�¶7¹n´ ² º�µ9Â�´ ¾ ù ä ´�¹�Â�´ ¾ ù Û ² ´�µ&·�´�¹
Â$ÈÛ´ ¾ ¹#¶a·�´�µ�»7º�¿�º(»�´DÁ�µ!Â�´~»7º ² µ ¼ Å ¼ ¸�Â�´DÁ�µ!· ¼�* ´D¸%¸�´~Â$È ³´ Ã&Ó º ²�² ´D·�´D¸l¹n+ ¼Q¾ Â�´ ¾ ³´D»�´ Ã ¹nµ ¼ ¸ ¾�¾ ´ Ã/¼ ¸�Â%º(¶�µ#´ ¾ ÙF¶a¸l¹nµ ¼ Â�Á�¶7¹n´² º�µ E & 01�)-�M$GH��(�( Â�º(¸ ¾�¾n¼ ¸w· ¼ Â Ç´D»�´ ¾ ´D·J¶ � ´D· ² ¶�µ�¶7À@Á�´ � � c � Ë�Ò~ÈÛ´ ¾ ¹#¶7·eº�¹#¶ ¼ ¸wÂ�´�+u¼�¾�´ ¾ ¹�¶7· ² ¼ µ#¹#º(¸@¹n´ Ã º�µ+´D»7»�´
Â ¼ ¸�¸�´Ú»oÈ ¼ µ&Â�µ#´�Â�´ÚÉ(µ&º(¸�Â�´DÁ�µ
Â�´�»aº ² µ ¼ Å ¼ ¸�Â�´DÁ�µ ¾ Á�µ
»7º(À�Á�´D»7»�´Ú»�È ³´�¹#º�¹�Â�´ Ã�Ó º�µ#É(´ÆÂ�Á ² µ ¼ Ü ´ Ã ¹#¶7»�´�¶7¸ Ã ¶7Â�´D¸@¹+Â ¼ ¶�¹©´�¹nµ#´ Ã/¼ ¸ ¾ ¶7Â ³´�µ ³´Ú´D¸wÂ ³´�¹#º(¶7»oË%Ö ¼ ·J·�´ Ã ´D»7ºÆ´ ¾ ¹�É ³´D¸ ³´�µ&º(»�´D·�´D¸@¹�º(Â%·e¶ ¾ Ù�¸ ¼ Á ¾ ºF¿ ¼ ¸ ¾
Ã/¼ ¸ ¾ ¶7Â ³´�µ ³´ÚÀ@Á�´�+ ¼�¾ ´ ¾ ¹+Á�¸�´
É(µ&º(¸�Â�´DÁ�µÚ¶7¸�Â ³´ ² ´D¸�Â�º(¸@¹n´ÌÂ�Á ² µ ¼ Ü ´ Ã ¹#¶7»�´�º(¶7¸ ¾ ¶�À�Á�´�Â�´ ¾ º{¿�¶�¹n´ ¾#¾ ´(Ù!º(ÁÔ· ©´D·�´e¹#¶�¹nµ#´eÀ�Á�´�»7º{Â�¶ ¾ ¹nµ&¶ ½ Á�¹#¶ ¼ ¸
´D¸³´D¸�´�µ#Éd¶�´ÆÂ�´ ¾ ³´D»�´ Ã ¹nµ ¼ ¸ ¾�¾ ´ Ã/¼ ¸�Â�º(¶�µ#´ ¾ Ë � ¼ Á ¾ ºD¿ ¼ ¸ ¾ Á�¹#¶a»7¶ ¾ ³´ ² ¼ Á�µ
¸ ¼d¾�Ã º(» Ã Á�» ¾ »�´ ¾ ¿�º(»�´DÁ�µ ¾ ´ Ú�²�³´�µ&¶a·�´D¸l¹#º(»7´ ¾ Â�´
»oÈ ³´D·e¶ ¾&¾ ¶ ¼ ¸ ³´D»�´ Ã ¹nµ ¼ ¸�¶7À�Á�´Ìº�µ#µ&¶ Ç´�µ#´ÌÂ�´Ì»7º Ã ¶ ½ »�´ ³´ ² º(¶ ¾#¾ ´wã 
[
	��
 þá ¶a¸ Ã »7¶7¸ ³´�´ Çº dlý ê ø ¾n¼ Á%·e¶ ¾ ´ Çº�Á%¸ûÅ�º(¶ ¾#Ã ´Dº(ÁgÂ�´
ù Û ¶7¸ Ã ¶7Â�´D¸@¹�´�¹ ÇºeÁ�¸{Å�º(¶ ¾#Ã ´Dº(ÁûÂ�´ ² µ ¼ ¹ ¼ ¸ ¾ Ëª º(¸ ¾ »�´9Â ¼ ·eº(¶7¸�´9Â�´9¿�¶�¹n´ ¾#¾ ´�Â�´�¸ ¼ ¹nµ#´ ³´�¹#Á�Â�´(Ù�»7º ¾ ´ Ã ¹#¶ ¼ ¸{´�× Ã º Ã ´ÚÂ�´ ² ´�µ#¹n´ ³´D»7´ Ã ¹nµ ¼ ¸�¶7À�Á�´ ��� ³´�¹#º(¸@¹�¹nµ Ç´ ¾
¾ Á ²�³´�µ�¶�´DÁ�µ#´ Çº
»aº ¾ ´ Ã ¹#¶ ¼ ¸Ð´�× Ã º Ã ´�Â�´ Ã º ² ¹#Á�µ#´ � �/Ù�»�´ ² µ ¼�Ã ´ ¾#¾ Á ¾ Â�´ Ã º ² ¹#Á�µ&´ ¾ Á�µÚ»7º ² µ ¼ Å ¼ ¸�Â�´DÁ�µ$+ ¼Q¾ º ³´�¹ ³´
¸ ³´�Éd»7¶�É ³´(Ë

Ò�´�¸ ¼ · ½ µ#´9Â$È ³´D»�´ Ã ¹nµ ¼ ¸ ¾�¾ ´ Ã/¼ ¸�Â%º(¶�µ#´ ¾ ³´D·e¶ ¾ ² º�µÊÁ�¸Ñù Û ¶7¸ Ã ¶7Â�´D¸l¹~Â ³´ ² ´D¸�ÂÑÂ�´�»aº ² µ ¼ Å ¼ ¸�Â�´DÁ�µ � Çº�»7º(À�Á�´D»7»7´
¶7»Õº ³´�¹ ³´�¶ ¼ ¸�¶ ¾ ³´(Ë á ¿�º(¸@¹+¶ ¼ ¸�¶ ¾ º�¹#¶ ¼ ¸$Ù@¶7» ¾ ´D· ½ »�´9µ&º(¶ ¾n¼ ¸%¸�º ½ »�´9Â�´ ² ´D¸ ¾ ´�µÊÀ�Á�´ ¾n¼ ¸{¹#º(Á Ú Â$È ³´D·e¶ ¾#¾ ¶ ¼ ¸ ¾ ´ Ã/¼ ¸%Â�º(¶�µ#´
´ ¾ ¹ ² ´�¹#¶�¹�Â�´�¿5º(¸@¹ Ã ´D»7Á%¶!Â$È>Á�¸ ² µ ¼ ¹ ¼ ¸$Ù Ã º�µ�»aº ² º�µ#¹#¶ Ã ¶ ² º�¹#¶ ¼ ¸wÂ�´�»�È ³´D»7´ Ã ¹nµ ¼ ¸û¶7¸ Ã ¶7Â�´D¸@¹ ¾ ´�»7¶7·J¶�¹n´ Çºe»oÈ ³´ Ã µ&º(¸@¹#º�É(´
Â�Ágù ä Ù$´�¹Ú»a¶7·e¶�¹n´ÆÂ ¼ ¸ Ã »�´ ¾�Ã/¼ »7»7¶ ¾ ¶ ¼ ¸ ¾ ² µ ¼ ¹ ¼ ¸ � ³´D»�´ Ã ¹nµ ¼ ¸Sº(Á Ú�² ´�¹#¶�¹ ¾ ² º�µ�º(· Ç´�¹nµ#´ ¾ Â$È>¶a· ² º Ã ¹�Ë á ² µ Ç´ ¾ ¶ ¼ ¸�¶ ¾ º �
¹#¶ ¼ ¸$Ù ¼ ¸ ² ´DÁ�¹+º(Á ¾#¾ ¶!Å�º(¶�µ&´�»oÈ ÓÔ* ² ¼ ¹ Ó$Ç´ ¾ ´�À�Á�´�»7´ ¾+Ã/¼ ¸ ¾ ¹#¶�¹#Á%º(¸l¹ ¾ Â�Á
ù Û Ã/¼ ¸l¹nµ&¶ ½ Á�´D¸@¹
Â�´ÚÅ�ºªõÃ/¼ ¸û¶7¸%Â ³´ ² ´D¸%Â�º(¸l¹n´Çº�»7º ² µ ¼ Â�Á Ã ¹#¶ ¼ ¸ Â$È ³´D»�´ Ã ¹nµ ¼ ¸ ¾ Ë á ² º�µ#¹#¶7µ{Â�´ Ã ´D»aº�Ù�¸ ¼ Á ¾ ² ¼ Á�¿ ¼ ¸ ¾{Ã º(» Ã Á�»�´�µw»7º�Â ³´ ² ´D¸�Â�º(¸ Ã ´gÂ�Á�µ&º ²�² ¼ µ#¹áÔö ã�ù Û ø å á ã�ù ä øI´D¸ÑÅ ¼ ¸ Ã ¹#¶ ¼ ¸�Â�´�»7º�¿�¶�¹n´ ¾&¾ ´Ìã á÷ö ã�ù Û ø­´ ¾ ¹�»�´�µ#´D¸�Â�´D·e´D¸l¹ ³´D»�´ Ã ¹nµ ¼ ¸�¶7À�Á�´9·�´ ¾ Á�µ ³´jø Ã/¼ ·e·�´ Ã ´D»7º
ºeÂ ³´ Ü Çº ³´�¹ ³´�Å�º(¶�¹ ² º�µ � � ^ (t� ´�¹�ø �)�$�)0 �QÝ%Ý � Ë

Ò�´�¸ ¼ · ½ µ#´8Â$È ³´D»�´ Ã ¹nµ ¼ ¸ ¾{¾ ´ Ã/¼ ¸�Â%º(¶�µ#´ ¾ Â ©Á ¾8ÇºïÁ�¸ ² µ ¼ Ü ´ Ã ¹#¶7»�´ûÂ ¼ ¸%¸ ³´�´�¹ ² µ ¼ ¿(´D¸%º(¸l¹wÂ$È>Á�¸�´ ² µ ¼ Å ¼ ¸�Â�´DÁ�µ
Ã/¼ · ² µ�¶ ¾ ´<´D¸@¹nµ#´ � ´�¹ � � ç � ã�»7º Ã ¶ ½ »�´ ³´�¹#º(¸l¹9¶7¸ Ã »7¶a¸ ³´�´�Â�´ dlý ê ø ¾ È ³´ Ã µ&¶�¹ Ø

ç á ä áì ; +u¼�¾ ' .
4�ù�ú Ï�û	ü�ý ç � ãGÛ�Ë 
t; ø

¼!ÇÁÑ´ Ú�² ã�ç ��å ì ; +½¼Q¾/ø­µ#´ ² µ ³´ ¾ ´D¸l¹n´<»oÈ>º�¹n¹ ³´D¸�Á�º�¹#¶ ¼ ¸{Â�´9»7º ² µ ¼(½ º ½ ¶7»7¶7¹ ³´+Â!È ³´ Ã�Ó º ²�² ´D·�´D¸@¹ÊÂ�´ ¾ ³´D»�´ Ã ¹nµ ¼ ¸ ¾Ê¾ ´ Ã/¼ ¸�Â�º(¶ �
µ#´ ¾ Ë�ÒIÈ>¶7¸@¹ ³´�É(µ&º�¹#¶ ¼ ¸ûÂ�´Ú»7º�À@Á%º(¸l¹#¶�¹ ³´ ç á ¾ Á�µ+»oÈ ³´ ² º(¶ ¾&¾ ´DÁ�µ ç Â�´Ú»7º Ã ¶ ½ »�´eã�ºD¿(´ Ã çÿþ +½¼�¾1ø�Â ¼ ¸%¸�´<»�´<µ#´D¸�Â�´D·e´D¸l¹
¹ ¼ ¹#º(» á Ø ����� û�üNý

Û ç á ä á ãGÛ�Ë 
 Ûdø
�í�$���



ð�ñ±ò�óªÃ Ä»Ä�Ã Å ô~õÆ � Æ öGÇNÈËÅ ô Ã è&é Æ Ã ô§÷ é�Ã Ç Æ £§¡�È ÷ Æ ÄO¡QÇJÅ8ó Æ ÄDø�ù
ª º(¸ ¾ »�´ Ã º ¾ Â!È>Á�¸Jù Û ¶7¸ Ã ¶7Â�´D¸@¹�Ùl»7ºÚÉ(µ�º(¸�Â�´DÁ�µ ç áÔö ã�ù Û øIµ#´ ² µ ³´ ¾ ´D¸l¹#º(¸@¹�»�´�¸ ¼ · ½ µ#´9Â$È ³´D»�´ Ã ¹nµ ¼ ¸ ¾ ² µ ¼ ¿(´D¸�º(¸@¹ÊÂ�´
»aº�¹nµ&º(¸ Ã�Ó ´ � � ã � � ç � � ² ´DÁ�¹ ©´�¹nµ#´ ³´ Ã µ&¶�¹n´ Ã/¼ ·e·�´�»aº ¾n¼ ·e·�´�Â�´ ¾
Ã/¼ ¸@¹nµ&¶ ½ Á�¹#¶ ¼ ¸ ¾ Â$È>Á�¸ûù Û Çº ³´�¹#º�¹9Â�´ Ã&Ó º�µ#É(´
É(´D» ³´ ç á ã�ù Û ø�Ù�º(¶7¸ ¾ ¶ÜÀ�Á�´JÂ�´ ¾�Ã/¼ ¸@¹nµ&¶ ½ Á�¹#¶ ¼ ¸ ¾ µ#´ ¾ ² ´ Ã ¹#¶�¿(´ ¾ Â$È>Á�¸ ² µ ¼ ¹ ¼ ¸ ç á ã�ù ä ø9´�¹�Â$È>Á%¸ ³´D»�´ Ã ¹nµ ¼ ¸ ç á ã�´ . ø�Ù
Ã�Ó º Ã Á�¸ÌÂ�´ Ã ´ ¾ ¹n´�µ&·�´ ¾ ³´�¹#º(¸l¹ ² ¼ ¸�Â ³´�µ ³´ ² º�µ­»7º+Å�µ&º Ã ¹#¶ ¼ ¸ÌÂ�´�¸�´DÁ�¹nµ&´ ¾ ´�¹­Â�´ ² µ ¼ Ü ´ Ã ¹#¶7»�´ ¾ ¶ ¼ ¸�¶ ¾ ³´ ¾�Çº�»aº ² µ ¼ Å ¼ ¸�Â�´DÁ�µ� Ã/¼ ¸ ¾ ¶7Â ³´�µ ³´�´ Ø

ç áÔö ã�ù Û øHä � Û ã � ø ç á ã�ù Û ø � ��
 ç � Û ã � ø � ç á ã�ù ä ø � ��
 ç � Û ã � ø � ç á ã�´ . ø ãGÛ�Ë 
 d ø
Ò:ºJÅ�µ&º Ã ¹#¶ ¼ ¸8Â$È ÓÔ* Â�µ ¼ É Ç´D¸�´�¸�´DÁ�¹nµ#´ � Û ã � ø ÇºÑÁ�¸�´ ² µ ¼ Å ¼ ¸�Â�´DÁ�µ � ´ ¾ ¹<Â ¼ ¸�¸ ³´�´ ² º�µ � Û ã � ø�ä ´ Ú�² ã�ç ��å + Û ø�ã ¼ ¸¾ Á ²�² ¼d¾ ´wÀ@Á�´ � Û ã � ø�� 
 ø ¼!ÇÁ + Û ´ ¾ ¹J»�´û»7¶ ½ µ#´ ² º�µ Ã/¼ Á�µ ¾ · ¼�* ´D¸ Â�Á ù Û Â�º(¸ ¾ »�´ Ã º�µ ½�¼ ¸�´(Ë~Ò�´ ¾ ¹n´�µ&·�´ ¾ç á ã�ù Û ø~´�¹ ç á ã�ù ä ø ² ´DÁ�¿(´D¸l¹ ©´�¹nµ#´ Ã º(» Ã Á�» ³´ ¾�Çº ² º�µ&¹#¶�µÊÂ�´�»�È��=	�!ß %
# E�

��� c$àoÝ ��� Ë á Ã ´ ² ¼ ¶7¸l¹�Ù�¶7»�´ ¾ ¹�¶7· ² ¼ µ#¹#º(¸@¹
Â�´ ¾ ¶7Éd¸�º(»�´�µÄÀ�Á�´�»�´9µ#´D¸�Â�´D·�´D¸@¹�¶7¸l¹ ³´�É(µ ³´ á ã�´�.�øÜ´ ¾ ¹�¸ ¼ ¸ ¾ ´DÁ�»7´D·�´D¸l¹�Â ©Á�º(Á Ú ³´D»�´ Ã ¹nµ ¼ ¸ ¾�¾ ´ Ã/¼ ¸�Â�º(¶�µ&´ ¾ ² µ ¼ Â%Á�¶�¹ ¾² º�µÌ»�È ³´D»7´ Ã ¹nµ ¼ ¸ ¶7¸ Ã ¶7Â�´D¸l¹�Ù�·eº(¶ ¾ º(Á ¾#¾ ¶ Çº�»aºûµ ³´�¹nµ ¼ Â�¶ Ý Á ¾ ¶ ¼ ¸SÂ�´ ¾ ³´D»�´ Ã ¹nµ ¼ ¸ ¾ ¶7¸ Ã ¶7Â�´D¸@¹ ¾�¾ Á�µÆ»7´ ¾ º�¹ ¼ ·e´ ¾ Â�´�»aº
Ã ¶ ½ »�´(Ë z º�Å ¼ µ&·�´ÚÂ�¶ Ý
³´�µ#´D¸@¹#¶�´D»7»�´ ² ´DÁ�¹ ¾ È ³´ Ã µ&¶7µ#´ Ø

ç á ã�´ . øHä ç á�� ã�´ . ø ��� ã � ø ç � ãGÛ�Ë 
 ý ø
¼!ÇÁ ç á � ã�´ . ø<µ#´ ² µ ³´ ¾ ´D¸@¹n´Ñ»7´ ¾ ¿�µ&º(¶ ¾ ³´D»�´ Ã ¹nµ ¼ ¸ ¾Ì¾ ´ Ã/¼ ¸�Â�º(¶�µ&´ ¾ Ù!´�¹ � ã � ø ç � »7ºwÅ�µ&º Ã ¹#¶ ¼ ¸�Â�´Jµ ³´�¹nµ ¼ Â�¶ Ý Á ¾ ³´ ¾ Ë á » ¼ µ ¾
À�Á�´ ç á � ã�´�.�ø:´ ¾ ¹~Â ¼ ¸%¸ ³´ ² º�µ~»oÈ��=��!ß %
# E�

��� c$àoÝ ��� Ùl»7º�Å ¼ ¸ Ã ¹#¶ ¼ ¸ � ã � øÜ¸$È>º ² º ¾ Â!ÈÛ´ Ú�² µ&´ ¾#¾ ¶ ¼ ¸�º(¸�º(» * ¹#¶7À�Á�´(Ùd·eº(¶ ¾
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´�¹�Â�´ ¾ º�¹ ¼ ·�´ ¾ ù Û ¶7¸ Ã ¶7Â�´D¸@¹ ¾ Ë�ÿ<¸ ¼(½%¾ ´�µ&¿(´9À�Á�´�»7´ ¾ ¿�º(»�´DÁ�µ ¾ å ß ã�ù Û ã ù ä ø ¾n¼ ¸@¹ ² »7Á ¾ É(µ�º(¸�Â�´ ¾ À@Á�´9»�´ ¾ ¿�º(»�´DÁ�µ ¾
Â�´ å ß ã�ù ä ã ù ä øÄ´�¹
À@Á�´ ² ¼ Á�µ Ã�Ó º(À�Á�´ ² µ ¼ Ü ´ Ã ¹#¶7»�´(Ù å Ã µ ¼ © ú ¹+»7¶7¸ ³´Dº(¶�µ#´D·e´D¸l¹+ºF¿(´ Ã »oÈ ³´D¸�´�µ#Éd¶7´Ú¶7¸ Ã ¶7Â�´D¸@¹n´(Ë�ÖÊ´D»7ºÌ´ ¾ ¹
´D¸�º Ã�Ã/¼ µ&ÂSºF¿(´ Ã »�È>¶7Â ³´�´eÂ ³´ Ü Çº ³´�¿ ¼ À�Á ³´�´wÂ�º(¸ ¾ »�´ P#` % A�E # B5= Ý Ù�À�Á�´ Ã ´ ² º�µ&º(· Ç´�¹nµ#´ å Â�´ ¾ Â�¶ ¾ ¹nµ&¶ ½ Á�¹#¶ ¼ ¸ ¾ Â ¼ ¶�¹©´�¹nµ#´Ñµ#´D»7¶ ³´ Çº
»aºwÂ�¶ ¾ ¹nµ&¶ ½ Á�¹#¶ ¼ ¸8Â�´ ¾ ¹nµ&º(¸ ¾ ÅQ´�µ&¹ ¾ Â$È ³´D¸�´�µ#Éd¶�´ba�� Â�´ ¾�Ã/¼ »a»7¶ ¾ ¶ ¼ ¸ ¾�¾ Á Ã�Ã ´ ¾#¾ ¶�¿(´ ¾ ² µ ¼ Ü ´ Ã ¹#¶7»�´ � ³´D»�´ Ã ¹nµ ¼ ¸² »7Á�¹ ©¼ ¹�À�Á$È>º(ÁïÂ ³´ ²�©¼ ¹Æ· ¼�* ´D¸�Â$È ³´D¸�´�µ#Éd¶�´dc�� ¾ Á�µÆ»7º ² µ ¼ Å ¼ ¸�Â�´DÁ�µ�Â$È ³´ Ã&Ó º ²�² ´D·�´D¸l¹ÌÂ�´ ¾ ³´D»�´ Ã ¹nµ ¼ ¸ ¾ Ë)à~¸�´ Ý ´�¹

�@¿:OÏ�
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Einc [MeV]

0 1 2

b B

0.00

0.25

0.50

0.75

1.00

bB(H+,H+)

bB(H0,H+)

V E�W�ß:B5= c!à°� X8e�h�mn_ah�^�_a`�b ¬ [#bfW#`Db�\&^Q_a`Db iF[grVX3p[#b�[#mQ�F_a[Ô_�b�\#_aij[#b@^�[SiF[#cek�m3`hg&[]\&^Q_�rs[#cÐi�u�kdhDm3h���ö[#^�m3[ji Ï � |Ä���3|Ä�_�[&^ki�Ï � | } �3| � �{ij[ncwi�_6cn^Qmn_a�&u(^�_a`�bdcwiF[mljn� ¨,od¦ \]`Dmnm3[nc�kl`�b�iFh�b@^�h�uF�ÔiD_6cn^Qmn_a�&u(^Q_a`DbdcÑc]^oh�^�_6cn^Q_at&ul[#c{[L�nk�p[#mn_��<[&bl^oh�rs[#c{ij[
r_XLp[&��_6c]cn_a`�b p[&rs[]\#^�m3`�b@_at#ul[9h�mnmn_�ö[&m3[Ikl`�u(m
iF[#c�k�m3`D^�`Dbdc
[&^­ij[nc�|~}�_�b�\#_aij[#b@^ac&�

��¿�çï�
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Einc [MeV]

0 1 2

b B

0.00

0.25

0.50

0.75

1.00

1.25

expérimental

simulations MC

V EQWÕß�B5= c$àj� X�x$`D�Iklh�mLh�_6c&`�bû[&bl^�m3[�r-[ncqp�h�rs[&u(m]c�[L�nk�p[#mn_��<[&bl^oh�rs[#cri Ï � |~���L|~�_�9iF[#c�i�_6cn^�mn_a�#u(^�_a`�blc�iF[sljn� ¨1od¦ï[#^�rs[#cp�h�r-[#u(m]c�_6c]cnul[nc
iF[#c�cn_���u(rshD^Q_a`DbdcutJ`�b@^�[�v�x!h�mnrs`ÌiF[rwOxzy �����z{� ¢±(¤ �
»7´ÑÂ ³´ ²�©¼ ¹�Â$È ³´D¸�´�µ#Éd¶7´|c2� ´ ¾ ¹ ² »7Á ¾ Å�º(¶ ½ »7´ ² ¼ Á�µÆÂ�´ ¾ º�¹ ¼ ·�´ ¾ ¶a¸ Ã ¶7Â�´D¸@¹ ¾ À�Á�´ ² ¼ Á�µÆÂ�´ ¾ ² µ ¼ ¹ ¼ ¸ ¾ ´D¸ïº Ã�Ã/¼ µ&Â
ºF¿(´ Ã Á%¸�´ ² ´�µ#¹n´JÂ$È ³´D¸�´�µ&Éd¶�´ ² »aÁ ¾ Å�º(¶ ½ »�´ ² ¼ Á�µÚÁ�¸S¸�´DÁ�¹nµ#´ÑÀ@Á�´ ² ¼ Á�µ�Á�¸ ² µ ¼ ¹ ¼ ¸$Ë ª ´ ² »7Á ¾ ¶7»IÂ%¶7·e¶7¸�Á�´�ºD¿(´ Ã
»�È ³´D¸�´�µ#Éd¶�´e¶7¸ Ã ¶aÂ�´D¸l¹n´Ì´D¸Ðº Ã�Ã/¼ µ�Â ³´�Édº(»�´D·�´D¸@¹�ºF¿(´ Ã »7º{Â�¶7·J¶7¸@Á�¹#¶ ¼ ¸�Â�´e»7º ² ´�µ&¹n´eÂ$È ³´D¸�´�µ#Éd¶�´ ³´D»�´ Ã ¹nµ ¼ ¸�¶7À�Á�´eºD¿(´ Ã
»�È ³´D¸�´�µ#Éd¶�´(Ë « º�µ Ã/¼ ¸l¹nµ#´9»�´+¹nµ&º(¸ ¾ ÅQ´�µ&¹~Â$È ³´D¸�´�µ#Éd¶�´sa�� ÇºÚÁ%¸ ³´D»�´ Ã ¹nµ ¼ ¸ÑÂ�Á ¾n¼ »7¶aÂ�´+Â�º(¸ ¾ Á%¸�´ Ã/¼ »7»7¶ ¾ ¶ ¼ ¸ ½ ¶7¸%º(¶�µ#´�¿5º�µ�¶�´² µ ¼ ² ¼ µ#¹#¶ ¼ ¸�¸�´D»a»�´D·�´D¸@¹:ºD¿(´ Ã »oÈ ³´D¸�´�µ#Éd¶7´+¶7¸ Ã ¶7Â�´D¸@¹n´(Ë « º�µI´ Ú ´D· ² »�´ Çº ; Ë 
�� ´ º Ù@»�´�Â ³´ ²�©¼ ¹~Â!È ³´D¸�´�µ#Éd¶�´
· ¼"* ´D¸JÂ$È>Á%¸² µ ¼ ¹ ¼ ¸ ¾ Á�µ 
l
b
 þá ´ ¾ ¹}c�� ä ; d 
 ´ º Ù(º(» ¼ µ ¾ À�Á�´�»�´Ä¹nµ�º(¸�ÅQ´�µ&¹­·Jº Ú ¶7·Jº(»@Â$È ³´D¸�´�µ&Éd¶�´�Â�º(¸ ¾ Á�¸�´ Ã/¼ »7»7¶ ¾ ¶ ¼ ¸ ½ ¶7¸%º(¶�µ#´
´ ¾ ¹ua"�?ör~ 4 ä d Ü d Ø ´ º Ë�ÿ�¸J´ ¾ ¹�Â ¼ ¸ Ã Â%º(¸ ¾ »7´ Ã º ¾Ê¼$ÇÁÑÁ�¸�´ ¾ ´DÁ�»7´ Ã/¼ »7»7¶ ¾ ¶ ¼ ¸ ² ´DÁ�¹ ² µ ¼ Â�Á%¶�µ#´+Á�¸JÉ(µ&º(¸�ÂJ¸ ¼ · ½ µ&´
Â!È ³´D»7´ Ã ¹nµ ¼ ¸ ¾ Ë:ÖÊ´D»aº ¾ ´Ì¹nµ&º(Â�Á�¶�¹ ² º�µÚÂ�´ ¾ Â�¶ ¾ ¹nµ&¶ ½ Á�¹#¶ ¼ ¸ ¾ Â�´ ¾ ³´D»�´ Ã ¹nµ ¼ ¸ ¾ ³´D·J¶ ¾ À�Á�¶ ¾ È ³´ Ã º�µ#¹n´D¸l¹ÆÂ�´ ² »7Á ¾ ´D¸ ² »aÁ ¾
Â!È>Á�¸�´<Â�¶ ¾ ¹nµ�¶ ½ Á�¹#¶ ¼ ¸�Â�´ q ^ %�(�( ^ - À�Á�º(¸�Âw»oÈ ³´D¸�´�µ&Éd¶�´�¶7¸ Ã ¶aÂ�´D¸l¹n´<º(Á�Éd·e´D¸l¹n´(Ë

ª º(¸ ¾ »�´ Ã º ¾ Â�´ ¾ ² µ ¼ ¹ ¼ ¸ ¾ ¶7¸ Ã ¶aÂ�´D¸l¹ ¾ ¸ ¼ Á ¾ ºD¿ ¼ ¸ ¾ ² Á�Å�º(¶�µ&´{Á%¸�´ Ã/¼ · ² º�µ&º(¶ ¾#¼ ¸ Â�´
¸ ¼d¾ ·�´ ¾ Á�µ#´ ¾ ºD¿(´ Ã
Â�´ ¾ µ ³´ ¾ Á�»�¹#º�¹ ¾ Â�´ ¾ ¶7·ÆÁ�»7º�¹#¶ ¼ ¸ � ¼ ¸l¹n´ÆÖ�º�µ&» ¼ µ ³´Dº(»7¶ ¾ ³´�´ ¾ ² º�µ Ff� ] � ( �r� � ´�¹ Ã/¼ µ#µ&´ ¾ ² ¼ ¸�Â�º(¸@¹ Çº�¸ ¼d¾+Ã/¼ ¸�Â�¶�¹#¶ ¼ ¸ ¾
´ Ú�²�³´�µ&¶7·e´D¸l¹#º(»�´ ¾ Ë!Ò!´ ¾ ² º�µ�º(· Ç´�¹nµ#´ ¾ å Â�´ ¾ Â�¶ ¾ ¹nµ&¶ ½ Á�¹#¶ ¼ ¸ ¾ Â�´ q l^ Gk�1� ¶ ¾#¾ Á ¾ Â�´ ¾<¾ ¶7·�Á%»7º�¹#¶ ¼ ¸ ¾�¾n¼ ¸@¹ Ã/¼ · ² º�µ ³´ ¾
Â%º(¸ ¾ »7º
Þ W�ß:B5= c$àj� º(Á Ú�² º�µ&º(· Ç´�¹nµ#´ ¾ Â�´�¸ ¼d¾ Â�¶ ¾ ¹nµ&¶ ½ Á�¹#¶ ¼ ¸ ¾ ´ Ú�²Ê³´�µ&¶7·�´D¸@¹#º(»�´ ¾ ËdÒ�´ ¾ µ ³´ ¾ Á�»�¹#º�¹ ¾ Â�´ ¾­¾ ¶7·ÆÁ�»7º�¹#¶ ¼ ¸ ¾
· ¼ ¸l¹nµ#´D¸@¹ Ã/¼ ·e·�´�»�´ ¾ µ ³´ ¾ Á�»�¹#º�¹ ¾ ´ Ú�²Ê³´�µ&¶7·�´D¸@¹#º(Á Ú »�È>º(Á�Éd·�´D¸@¹#º�¹#¶ ¼ ¸ÐÂ�´ å ºF¿(´ Ã »oÈ ³´D¸�´�µ#Éd¶7´e¶7¸ Ã ¶7Â�´D¸@¹n´(Ë!ÖÊ´ ² ´D¸ �
Â%º(¸l¹�ÙÜ»�´ ¾ ¿�º(»�´DÁ�µ ¾Æ¼(½ ¹n´D¸�Á�´ ¾ Â�º(¸ ¾ »�´ ¾Ì¾ ¶a·�Á�»aº�¹#¶ ¼ ¸ ¾Æ¾n¼ ¸l¹ ² »aÁ ¾ É(µ�º(¸�Â�´ ¾ À@Á�´{»7´ ¾ ¿�º(»�´DÁ�µ ¾ ´ Ú�²Ê³´�µ&¶7·�´D¸@¹#º(»�´ ¾ Ë
Ö�´�¹ ³´ Ã º�µ#¹ ² ´DÁ�¹ ©´�¹nµ#´�º�¹n¹nµ&¶ ½ Á ³´Ìº(ÁgÅ�º(¶�¹�À@Á�´Æ»�´ ¾ ¶7¸@¹n´�µ&º Ã ¹#¶ ¼ ¸ ¾ ºD¿(´ Ã »�´ ¾ ³´D»�´ Ã ¹nµ ¼ ¸ ¾ Â�´�¿�º(»�´D¸ Ã ´ ¾n¼ ¸@¹<Â ³´ Ã µ&¶�¹n´ ¾
Â%º(¸ ¾ »7´ ¾Ä¾ ¶a·�Á�»aº�¹#¶ ¼ ¸ ¾9Çº ² º�µ#¹#¶7µÄÂ�´�»7º�Å ¼ ¸ Ã ¹#¶ ¼ ¸ÑÂ�¶ ³´D»7´ Ã ¹nµ&¶7À�Á�´�Â�´ ! %.- g �/�$� g À�Á�¶ ¾ È>º ²�² »a¶7À@Á�´
Â�º(¸ ¾ »�´ Ã º ¾ Â�´ ¾
· ³´�¹#º(Á Ú Ë�R]» ¾ ´D· ½ »�´9À@Á�´9»�´ ¾ ¿5º(»�´DÁ�µ ¾ ¶ ¾#¾ Á�´ ¾ Â�´ ¾Ä¾ ¶7·�Á%»7º�¹#¶ ¼ ¸ ¾I¾#¼ ¸l¹ ² »7Á ¾ ² µ ¼�Ã&Ó ´ ¾ Â�´ ¾ ¿5º(»7´DÁ�µ ¾ ·e´ ¾ Á�µ ³´�´ ¾ ºD¿(´ Ã
Â�´ ¾ÚÃ ¶ ½ »�´ ¾ Â!È>º(»7Á�·e¶7¸%¶7Á�· � ��� À@Á�´eÂ�´ ¾ ¿5º(»7´DÁ�µ ¾ À�Á�´e¸ ¼ Á ¾ ºF¿ ¼ ¸ ¾�¼(½ ¹n´D¸@Á�´ ¾ ºD¿(´ Ã »�´ ¾ÚÃ ¶ ½ »7´ ¾ Â�´ Ã º�µ ½�¼ ¸�´(Ë�R]»

�@¿_���
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σ(E)/µ(E)

0 1 2 3 4 5 6

b B

0.0

0.5

1.0

1.5

simulations MC

V E�W�ß:B5= c!àpb Xÿx!`�mnm�p[&rsh�^�_a`�bg[#b@^Qm3[<rs[Êklh�m3hD��ö[&^�m3[kiÌiF[�ljn� ¨1od¦�_6c]cnuwiF[�cn_��9u(rsh�^�_a`�blc3tJ`Dbl^o[�x!h�mnrs`Ñ[#^~r_X3p[�\]hDmn^Mvo^�®Lkd[
m3[&rsh�^�_ W­x � ����U'� � ���+i�u�i­p[ok�Ó`D^:i�XLp[&b�[&mQ�F_a[�ij[nc�k�m3`D^�`Dbdc�iFh�blcÄrs[#cr�{!Äk�mL[#�9_a[#m]c�h�b���cn^�m�����c�izX u(b�[+\&_a�&rs[
ij[
\]h�m&�]`�b�[  >±d¤ �

´ ¾ ¹ ² µ ¼(½ º ½ »�´<À�Á$È>Á�¸�´<· ¼ Â ³´D»7¶ ¾ º�¹#¶ ¼ ¸�Â%Á Ã º�µ ½�¼ ¸�´Úº(· ¼ µ ² Ó ´ ½ º ¾ ³´�´ ¾ Á�µ+Â�´ ¾ Â ¼ ¸�¸ ³´�´ ¾+¼ ² ¹#¶aÀ@Á�´ ¾�Ã/¼ ¸%Â�Á�¶�µ&º(¶7¹ Çº
Á�¸w·�´D¶a»7»�´DÁ�µ�º Ã�Ã/¼ µ&Âû´D¸l¹nµ#´ ¾ ¶7·ÆÁ�»7º�¹#¶ ¼ ¸{´�¹+´ Ú�²�³´�µ&¶�´D¸ Ã ´(Ë

Ò�´ ¾ µ ³´ ¾ Á�»7¹#º�¹ ¾ Â�´ Ã ´ ¾
¾ ¶7·ÆÁ�»7º�¹#¶ ¼ ¸ ¾ · ¼ ¸@¹nµ#´D¸l¹ ² º�µ Ã/¼ ¸@¹nµ#´ÆÀ@Á�´�»�´�¸ ¼ · ½ µ#´ÚÂ$È ³´D»�´ Ã ¹nµ ¼ ¸ ¾ ³´D·J¶ ¾ ´ ¾ ¹ Ã/¼ µ#µ ³´D» ³´
ÇºÌ»oÈ ³´D¸�´�µ#Éd¶�´�Â ³´ ² ¼d¾ ³´�´ ² º�µ�Á�¸ ² µ ¼ ¹ ¼ ¸{Â�º(¸ ¾ »�´ ¾ Û 
 ² µ#´D·e¶�´�µ ¾ º(¸�É ¾ ¹nµ Þ¼ · ¾ Â�´�»7º Ã ¶ ½ »�´(Ùl´�¹ Ã ´ Ã ¶ ² ¼ Á�µÊ¹ ¼ Á�¹n´ ¾ »�´ ¾³´D¸�´�µ#Éd¶�´ ¾ ¶7¸ Ã ¶aÂ�´D¸l¹n´ ¾ ´D¸@¹nµ#´ 
 Ë ; ý ´�¹ 
 Ë ý � ´ º Ë µ ¸�´Jº(Á�¹nµ&´ Ã/¼ µ#µ ³´D»7º�¹#¶ ¼ ¸ï¶7¸@¹ ³´�µ#´ ¾#¾ º(¸@¹n´J´ ¾ ¹ ¼(½ ¹n´D¸�Á�´e´D¸@¹nµ#´Ñ»�´² º�µ&º(· Ç´�¹nµ&´ å Â�´ q l^ G¸�1� ´�¹Ä»aºÚÂ�¶ ¾ ² ´�µ ¾ ¶ ¼ ¸�Â%ÁJÂ ³´ ²�©¼ ¹ÊÂ$È ³´D¸�´�µ#Éd¶�´9Â�º(¸ ¾IÃ ´ ¾ Û 
 þá ËÑà~¸Ñº ²�² ´D»7º(¸@¹ Í ã��ÆøÜ»7´
Â ³´ ²�©¼ ¹
Â$È ³´D¸�´�µ#Éd¶7´Ì· ¼�* ´D¸ÔÂ$È>Á�¸ ² µ ¼ ¹ ¼ ¸gÂ$È ³´D¸�´�µ&Éd¶�´�� ´�¹ � ã��Æø ¾n¼ ¸ ³´ Ã º�µ#¹<¹ * ² ´(Ù$»7ºÑÂ%¶ ¾ ² ´�µ ¾ ¶ ¼ ¸ûÂ�Á�Â ³´ ²"©¼ ¹�Â!È ³´D¸�´�µ#Éd¶�´
¾ ÈÛ´ Ú�² µ&¶7·e´ ² º�µ�»oÈ ³´ Ã º�µ#¹�¹ * ² ´�µ#´D»7º�¹#¶7Å � ã��Æø åjÍ ã��Ìø�Ë%Ò�ºÆÞ W�ß:Bj= c$àjb · ¼ ¸@¹nµ#´<»7º Ã/¼ µ#µ ³´D»7º�¹#¶ ¼ ¸ ¼(½ ¹n´D¸@Á�´�´D¸@¹nµ#´Ú»�´ ¾² º�µ&º(· Ç´�¹nµ&´ å Â�´ q l^ G¸�1� ´�¹�»oÈ ³´ Ã º�µ#¹
¹ * ² ´Úµ#´D»aº�¹#¶�Å:Â�ÁwÂ ³´ ²"©¼ ¹�Â$È ³´D¸�´�µ#Éd¶7´(Ë

ÖÊ´ ¾ µ ³´ ¾ Á�»�¹#º�¹ ¾ Â�´ ¾�¾ ¶7·�Á%»7º�¹#¶ ¼ ¸ ¾�Ã/¼ ¸ 	 µ�·�´D¸l¹ ½ ¶�´D¸<»oÈ>¶7Â ³´�´ÄÀ@Á�´Ä»�´ ² º�µ&º(· Ç´�¹nµ#´ å Â�´ ¾ Â�¶ ¾ ¹nµ&¶ ½ Á�¹#¶ ¼ ¸ ¾ Â�´ q l^ G¸�1�
´ ¾ ¹9µ#´D»7¶ ³´ ÇºÑ»7ºÑÂ�¶ ¾ ¹nµ�¶ ½ Á�¹#¶ ¼ ¸{Â�´ ¾ ¹nµ&º(¸ ¾ ÅQ´�µ#¹ ¾ Â$È ³´D¸�´�µ#Éd¶7´ÆÂ�º(¸ ¾ »�´ ¾ ¶7¸@¹n´�µ&º Ã ¹#¶ ¼ ¸ ¾9¾ Á Ã�Ã ´ ¾&¾ ¶�¿(´ ¾ Â�´Æ»�È>¶ ¼ ¸û¶7¸ Ã ¶7Â�´D¸@¹¾ Á�µÜ»7º ² µ ¼ Å ¼ ¸�Â�´DÁ�µ­· ¼�* ´D¸�¸�´�Â$È ³´ Ã�Ó º ²�² ´D·�´D¸@¹~Â�´ ¾ ³´D»�´ Ã ¹nµ ¼ ¸ ¾ Ùdº(» ¼ µ ¾ À@Á�´�»7´�¸ ¼ · ½ µ&´Ê· ¼"* ´D¸eÂ$È ³´D»�´ Ã ¹nµ ¼ ¸ ¾ ³´D·e¶ ¾
´ ¾ ¹+Å ¼ ¸ Ã ¹#¶ ¼ ¸ûÂ�ÁwÂ ³´ ²�©¼ ¹�· ¼�* ´D¸ûÂ!È ³´D¸�´�µ#Éd¶�´ ¾ Á�µ Ã ´�¹n¹n´ ² µ ¼ Å ¼ ¸�Â�´DÁ�µ�Â$È ³´ Ã&Ó º ²�² ´D·�´D¸@¹�Ë

��¿o3Ï�



ð�ñ±ò�óªÃ Ä»Ä�Ã Å ô~õÆ � Æ öGÇNÈËÅ ô Ã è&é Æ Ã ô§÷ é�Ã Ç Æ £§¡�È ÷ Æ ÄO¡QÇJÅ8ó Æ ÄDø�ù

Einc [MeV]

0 1 2

γ F

0

1

2

3

4

5

γF(H+,H+) = ΛFSe(H
+)

γF(H0,H+)

1180 Å

γF(H+,H+)

145 Å

V EQWÕß�B5= c$àoÝ ��X½ÍÄ[#b�iF[&��[&bl^Qc�h�p/hDbl^fÎ�� � |Ä���3|Ä�_�I[&^bÎ#� � |I}{�3|Ä�_�IiF[#cÜ\&_a�&rs[nc~ij[~\]h�m&�]`�b�[~ij[nc�k�m3`D^�`DbdcÜ[#^�iF[#cÜhD^�`D��[#cizX î�®FiDm3`3��ö[&b�[�_�b�\#_aij[#b@^ac&���%[#c~m3[&b�ij[#�<[&bl^QcIc&`�bl^��<[ncnu(m�p[#cÊ[&b�\]`ÔÐÒ b�\&_aiF[&b�\][
h�p/[]\Êrs[#c!k�m3`�^o`�blcwp[#�<[&mQ�j[&bl^Qc&�@��h�\L`Du(m&�][�[#b^�m3hD_�^�k�r-[#_�bw[ncn^�rsh�\]`Du(m&�L[9i�u�kl`�u�p�`�_�m�izX h�mnmÔÓ[&^�kd`Du(m�rs[nc�k�m3`�^o`�blc+h6gnu�cn^lp[1[�hDuF�ÚmL[#b�iF[&��[&bl^Qc)Î � � |~�)�3|Ä�o�&�
¡$¢Q£$¢Q£ ¥2¦¨§�©'©ª§N«�¬ ­®?¯°®r±³²T´ «�¬�§Nµ�¶ ®¸·r�r· ¬ ²� ® ¬hï ® ¦ ® ¬ ² ­®h¯°®�±³²ª´ «�¬�§�µ�¶ ®¸·r�r· ¬ ²
Ò:ºeÂ ³´ ² ´D¸�Â�º(¸ Ã ´<´D¸ ³´D¸�´�µ#Éd¶�´ÆÂ�Á{µ#´D¸�Â�´D·e´D¸l¹
ºF¿5º(¸@¹ á à�ã�ù ä·ã ù ä øÊ´�¹ á à�ã�ù Û�ã ù ä øÊ´ ¾ ¹
· ¼ ¸@¹nµ ³´�´ ¾ Á�µ
»7ºÌÞ W�ßS�B5= c$àoÝ � Ë « ¼ Á�µ­Â�´ ¾ ² µ ¼ ¹ ¼ ¸ ¾ ¶7¸ Ã ¶7Â�´D¸l¹ ¾ Ù5»�´~µ&´D¸�Â�´D·�´D¸@¹ á�à ã�ù ä¾ã ù ä ø!´ ¾ ¹�¶7Â�´D¸l¹#¶7À�Á�´ ² ¼ Á�µ:»�´ ¾ Â�´DÁ ÚÔ³´ ² º(¶ ¾#¾ ´DÁ�µ ¾
Â�´ Ã ¶ ½ »�´ ¾ Ë�Ò�º Ã/¼ Á�µ ½ ´9´D¸{¹nµ&º(¶�¹ ² »�´D¶a¸ ¾ Á�µ�»aº�Þ W�ß:B5= c$àoÝ � ´ ¾ ¹�»�´�µ ³´ ¾ Á�»7¹#º�¹+Â�´<»oÈ>º Ü Á ¾ ¹n´D·�´D¸@¹�Â�´ á�à ã�ù ä ã ù ä ø² º�µ�»aº ² ´�µ#¹n´ÌÂ$È ³´D¸�´�µ#Éd¶�´eÂ%Á ² µ ¼ ¹ ¼ ¸8Â%º(¸ ¾ »�´ Ã º�µ ½Õ¼ ¸�´{ã á à�ã�ù ä¾ã ù ä ø�ä Ú¾à ¿ ¾ ø
´�¹�»aºJ¿�º(»�´DÁ�µ<Â�Á Ã/¼ ´�× Ã ¶�´D¸l¹
Ú à ´ ¾ ¹�Ú à ä 
ÙÜ d / Ý 
ÙÜt
�; þá Îj´ º Ë« ¼ Á�µ�Â�´ ¾ º�¹ ¼ ·e´ ¾ ù Û ¶7¸ Ã ¶aÂ�´D¸l¹ ¾ Ù�»7´ ¾ µ#´D¸�Â�´D·e´D¸l¹ ¾ ºD¿�º(¸l¹ áQà ã�ù Û ã ù ä ø�Â�´e»aº Ã ¶ ½ »�´ ³´ ² º(¶ ¾#¾ ´ ¾n¼ ¸@¹�¶7Â�´D¸ �
¹#¶aÀ@Á�´ ¾ º(ÁÌµ#´D¸%Â�´D·�´D¸@¹­ºF¿5º(¸@¹~Â�´ ¾ ² µ ¼ ¹ ¼ ¸ ¾ ¶7¸ Ã ¶7Â�´D¸l¹ ¾ á à�ã�ù ä¾ã ù ä ø:´�¹ ¾ Á�¶7¿(´D¸l¹­Â ¼ ¸ Ã ´D¸ÌÅ ¼ ¸ Ã ¹#¶ ¼ ¸�Â�´�»oÈ ³´D¸�´�µ#Éd¶7´
»aº Ã/¼ Á�µ ½ ´9Â�´<»7º ² ´�µ#¹n´<Â$È ³´D¸�´�µ#Éd¶7´�Â�´ ¾ ² µ ¼ ¹ ¼ ¸ ¾ Ë « º�µ Ã/¼ ¸@¹nµ#´Ú»�´ ¾ µ#´D¸�Â�´D·�´D¸l¹ ¾ ºF¿5º(¸@¹ á�à ã�ù Û�ã ù ä øÊÂ�´�»aº Ã ¶ ½ »�´
·J¶7¸ Ã ´�Â ³´�¿�¶7´D¸l¹�¸�´�¹n¹n´D·�´D¸l¹�Â�´ Ã ´�¹n¹n´ Ã/¼ Á�µ ½ ´ ² ¼ Á�µÚÂ�´ ¾ ³´D¸�´�µ&Éd¶�´ ¾Ú¾ Á ²�³´�µ�¶�´DÁ�µ#´ ¾JÇº 
2� ´ º Ë:ÒIÈ>º(Á�Éd·�´D¸@¹#º�¹#¶ ¼ ¸¼(½�¾ ´�µ#¿ ³´�´�Â�Á µ#´D¸�Â�´D·�´D¸@¹ ³´D»�´ Ã ¹nµ ¼ ¸�¶7À�Á�´SÂ�´ï»7º Ã ¶ ½ »�´�·e¶7¸ Ã ´ ² µ ¼ ¿�¶�´D¸@¹�Â�´�»7º Ã/¼ ¸@¹nµ&¶ ½ Á�¹#¶ ¼ ¸ Çº »oÈ ³´D·e¶ ¾#¾ ¶ ¼ ¸³´D»�´ Ã ¹nµ ¼ ¸�¶7À�Á�´+Â�´+»oÈ ³´D»�´ Ã ¹nµ ¼ ¸ÑÂ�Á ² µ ¼ Ü ´ Ã ¹#¶7»�´+»a¶ ½ ³´�µ ³´+» ¼ µ ¾ Â�´+»�È>¶ ¼ ¸�¶ ¾ º�¹#¶ ¼ ¸ÆÂ�´+ù Û ´�¹~Â ¼ ¸@¹I»7º�¿�¶�¹n´ ¾#¾ ´�´ ¾ ¹ ¾ ´D¸ ¾ ¶ ½ »�´ �
·e´D¸l¹�»7ºÚ· ©´D·�´<À�Á�´ Ã ´D»a»�´�Â�Á ² µ ¼ ¹ ¼ ¸Ñµ ³´ ¾ Á�»�¹#º(¸@¹�Ë�ÖÊ´�¹Ä´ Ý ´�¹�Â�´�»oÈ ³´D»�´ Ã ¹nµ ¼ ¸wÂ�Á ² µ ¼ Ü ´ Ã ¹#¶7»7´
º�Â ³´ Ü Çº ³´�¹ ³´<µ�º ²�² ¼ µ#¹ ³´² º�µ?ø � ^ -/01]D01� M$0C��Õ{× y 243 �QÝ X�� Â�º(¸ ¾ Á�¸�´ ³´�¹#Á�Â�´<Â�´<»oÈ ³´D·e¶ ¾#¾ ¶ ¼ ¸ ³´D»�´ Ã ¹nµ ¼ ¸�¶7À�Á�´<¶7¸�Â�Á�¶7¹n´ ² º�µ�Â�´ ¾ º�¹ ¼ ·�´ ¾ ù Û
Â�´ 
 Ë ;�� ´ º Â�º(¸ ¾ Â�´ ¾�Ã ¶ ½ »�´ ¾ ·J¶7¸ Ã ´ ¾ Â�´ Ã º�µ ½�¼ ¸�´(Ë�ÒIÈ>º(Á�Éd·�´D¸l¹#º�¹#¶ ¼ ¸SÂ�Ágµ&´D¸�Â�´D·�´D¸@¹ ³´D»�´ Ã ¹nµ ¼ ¸%¶7À@Á�´JºD¿�º(¸l¹³´�¹#º(¶�¹ ¼(½%¾ ´�µ&¿ ³´�´ ² ¼ Á�µ+Â�´ ¾
Ã ¶ ½ »7´ ¾ Â$È ³´ ² º(¶ ¾#¾ ´DÁ�µ
¶7¸�Å ³´�µ&¶�´DÁ�µ&´ Çº ý Í É å Ã · Ï Ë ª º(¸ ¾
Ã ´�¹n¹n´ ³´�¹#Á%Â�´�»�´ ¾ µ ³´ ¾ Á�»�¹#º�¹ ¾9¾n¼ ¸@¹² µ ³´ ¾ ´D¸l¹ ³´ ¾Ü¾n¼ Á ¾ »7º
Å ¼ µ&·e´ÄÂ�Á�µ&º ²�² ¼ µ#¹ áQà ã�ù Û ã ù ä ø å á�à ã�ù ä ã ù ä ø�Ë á ² º�µ&¹#¶�µ�Â�´ ¾ µ#´D¸�Â�´D·e´D¸l¹ ¾ À@Á�´Ê¸ ¼ Á ¾ ºD¿ ¼ ¸ ¾

�@¿_À��



ð�ñÂÁ1ñÐò�ó½Ã Ä»ÄNÃ Å ô~õÆ � Æ ö�ÇNÈtÅ ô Ã è&é Æ ¡�Ä»Ä°Å8öQÃ õÆQÆ ¡]éQÉ$£ÊÈËÅ�ÇJÅ ô Ä õÆ ó Æ È   Æ ô ÇJÄ
·�´ ¾ Á�µ ³´ ¾�Çº 
 Ë ; ý � ´ º ºD¿(´ Ã »7º Ã ¶ ½ »�´�·e¶7¸ Ã ´(Ù!À�Á�¶ Ã/¼ µ#µ#´ ¾ ² ¼ ¸%ÂÔ´D¸Ôµ&º(¶ ¾#¼ ¸ÐÂ�´ ¾n¼ ¸Ð¶a¸ Ã »7¶7¸�º(¶ ¾n¼ ¸ Çº dlý ê Çº
Á�¸�´³´ ² º(¶ ¾#¾ ´DÁ�µ ³´DÀ�Á�¶�¿�º(»�´D¸@¹n´9Â�´�Û Ü d Í É å Ã · Ï Ù@¸ ¼ Á ¾~¼(½ ¹n´D¸ ¼ ¸ ¾ Á�¸Ñµ&º ²�² ¼ µ#¹ á àÊã�ù Û�ã ù ä ø å á à�ã�ù ä¾ã ù ä øÜÂ�´ 
 Ë ; ý Ë�Ò�º
¿�º(»�´DÁ�µÚ¶7¸@¹n´�µ ² ¼ » ³´�´ ¾ Á�µÚ»7º Ã/¼ Á�µ ½ ´ÌÂ�´�¿5º�µ&¶aº�¹#¶ ¼ ¸ÔÂ�´ áQà ã�ù Û�ã ù ä ø å á�à ã�ù ä¾ã ù ä ø�´D¸ÔÅ ¼ ¸ Ã ¹#¶ ¼ ¸ÐÂ�´e»oÈ ³´ ² º(¶ ¾#¾ ´DÁ�µ
Â�´ ¾�Ã ¶ ½ »�´ ¾ Â�´Ñ»7º B �= J��=@B5=��QPd= �QÝ X�� ´ ¾ ¹Ú´D¸@¿�¶�µ ¼ ¸ 
 ËÞÛ ý Ë � ¼d¾ µ ³´ ¾ Á�»7¹#º�¹ ¾�¾n¼ ¸@¹�Â ¼ ¸ Ã ´D¸�º Ã�Ã/¼ µ&ÂïºD¿(´ Ã�Ã ´DÁ Ú Â�´
Ã ´�¹n¹n´ ³´�¹#Á%Â�´�º(¸@¹ ³´�µ�¶�´DÁ�µ#´�Â�´$ø � ^ -/0C]+01� M�01�åÕ{× y 2 Ë� Á%º(¸�Â ¶7» ¾ ²�³´D¸ Ç´�¹nµ&´D¸l¹wÂ�º(¸ ¾ »7º Ã ¶ ½ »7´(ÙI»�´ ¾ ù Û ¶7¸ Ã ¶aÂ�´D¸l¹ ¾ ² ´�µ&Â�´D¸l¹e»�´DÁ�µ ³´D»�´ Ã ¹nµ ¼ ¸ ¹nµ Ç´ ¾ µ�º ² ¶7Â�´D·�´D¸@¹�´D¸
µ&º(¶ ¾#¼ ¸wÂ�´Ú»�´DÁ�µ�»7¶ ½ µ#´ ² º�µ Ã/¼ Á�µ ¾ · ¼�* ´D¸
¹nµ Ç´ ¾�Ã/¼ Á�µ#¹ Ø ² º�µ
´ Ú ´D· ² »�´ ² ¼ Á�µ+Á�¸�´ ³´D¸�´�µ#Éd¶�´Ú¶a¸ Ã ¶7Â�´D¸@¹n´<Â�´ ;�� ´ º Ù
ã-+ Û G Û d þá ø ��
 0 Â�´ ¾ ù Û ¶7¸ Ã ¶7Â�´D¸@¹ ¾Ä¼ ¸@¹ ² ´�µ&Â�Á�»�´DÁ�µ ³´D»�´ Ã ¹nµ ¼ ¸ ÇºÌÁ�¸�´ ² µ ¼ Å ¼ ¸�Â�´DÁ�µ�Â�´ ý 
 þá Ë%ÖÊ´ ¾ ³´D»�´ Ã ¹nµ ¼ ¸ ¾
¼ ¸@¹<´D¸ ¾ Á�¶�¹n´ÌÁ�¸ ² º�µ Ã/¼ Á�µ ¾�Ã&Ó º ¼ ¹#¶7À�Á�´eÂ�º(¸ ¾ »7º Ã ¶ ½ »�´Æ´D¸gµ&º(¶ ¾n¼ ¸gÂ�´ ¾ É(µ&º(¸%Â�´ ¾ Â ³´���´ Ã ¹#¶ ¼ ¸ ¾ º(¸�ÉdÁ�»7º(¶�µ#´ ¾ À�Á$È>¶7» ¾² ´DÁ�¿(´D¸@¹ ¾ Á ½ ¶�µJ» ¼ µ ¾ Â�´ ¾ÑÃ/¼ »7»7¶ ¾ ¶ ¼ ¸ ¾ ³´D»7º ¾ ¹#¶aÀ@Á�´ ¾ ºD¿(´ Ã »�´ ¾ º�¹ ¼ ·�´ ¾ Â�´8»7º Ã ¶ ½ »�´(Ù~·eº(¶ ¾ »�´DÁ�µ ² µ ¼(½ º ½ ¶7»7¶�¹ ³´
Â�´
¹nµ&ºF¿(´�µ ¾ ´�µw»7º Ã ¶ ½ »�´w´ ¾ ¹Ñ¸ ¼ ¸ü¸ ³´�Éd»7¶�É(´Dº ½ »�´û´D¸@¹nµ#´ 
 ´�¹ ; Ë ;é� ´ º Ù Ã º�µ�»�´DÁ�µ ² º�µ Ã/¼ Á�µ ¾ Â�´�¿�¶�´D¸@¹ ¾ Á ²�³´�µ�¶�´DÁ�µ Çº
»oÈ ³´ ² º(¶ ¾&¾ ´DÁ�µ
Â�´Ú»aº Ã ¶ ½ »�´ �QÝYc � �QÝ'� � Ë

� «�¬ ²T´ §_^�¶ ² §N«�¬ ï ® © ­®h¯°®�±³²T´ «�¬h© ò�®h´ ï�¶h© ï ® © òL´ «�� ®�±³² § ¯°® ©��G�� Á�º(¸%Â
Á�¸ ³´D»�´ Ã ¹nµ ¼ ¸8Â�´ ² µ ¼ Ü ´ Ã ¹#¶7»7´�À@Á%¶�¹n¹n´Ú»7º Ã ¶ ½ »�´(Ù�»�´Ú¸ ¼ · ½ µ#´Ú¹ ¼ ¹#º(»�Â$È ³´D»�´ Ã ¹nµ ¼ ¸ ¾ Â ³´�¹n´ Ã ¹ ³´ ¾ ´D¸ Ã/¼ Þ ú ¸ Ã ¶7Â�´D¸ Ã ´
ºD¿(´ Ã »�´ ² µ ¼ ¹ ¼ ¸ü¶7¸ Ã »7Á�¹�»�´ ¾ ³´D»7´ Ã ¹nµ ¼ ¸ ¾J¾ ´ Ã/¼ ¸�Â�º(¶�µ#´ ¾ ² µ ¼ Â�Á�¶�¹ ¾ ² º�µÑ»�´ ² µ ¼ ¹ ¼ ¸ ³´D·�´�µ#É(´D¸@¹�´�¹ ² º�µJ»�È ³´D»7´ Ã ¹nµ ¼ ¸² µ ¼ Ü ´ Ã ¹#¶7»�´ ³´D·�´�µ&É(´D¸l¹Ä´�¹~»oÈ ³´D»�´ Ã ¹nµ ¼ ¸ ² µ ¼ Ü ´ Ã ¹#¶7»�´�»7Á�¶ � · ©´D·e´(Ë » ¶7´D¸eÀ@Á�´+»oÈ ³´D»�´ Ã ¹nµ ¼ ¸ ² µ ¼ Ü ´ Ã ¹#¶a»�´ ¾n¼ ¶�¹I¶7¸�Â%¶ ¾#Ã ´�µ&¸�º ½ »�´
Â�´ ¾ ³´D»7´ Ã ¹nµ ¼ ¸ ¾�¾ ´ Ã/¼ ¸�Â�º(¶�µ&´ ¾ À�Á$È>¶7»�º ² µ ¼ Â�Á%¶�¹�ÙÜ¸ ¼ Á ¾eÃ/¼ ¸@¿�¶7´D¸�Â�µ ¼ ¸ ¾ Â�´ûÂ�¶�µ&´
À@Á�´
»�È ³´D»7´ Ã ¹nµ ¼ ¸ ² µ ¼ Ü ´ Ã ¹#¶a»�´
´ ¾ ¹
¹ ¼ Á Ü ¼ Á�µ ¾ ¶7¸ Ã »7Á ¾ Â�º(¸ ¾~¾ º ² µ ¼ ² µ#´ ² µ ¼ Â�Á Ã ¹#¶ ¼ ¸JÂ$È ³´D»�´ Ã ¹nµ ¼ ¸ ¾�¾n¼ µ#¹#º(¸@¹�Â�´
»7º Ã ¶ ½ »�´(ËdÒ�´
µ#´D¸�Â�´D·�´D¸l¹ ³´D»�´ Ã ¹nµ ¼ ¸�¶7À�Á�´
ºD¿�º(¸@¹ ² ´DÁ�¹ ¾ È ³´ Ã µ&¶�µ&´ Ø

á�à ã�ù Û ã ù ä øHä áQà ã�ù ä ã ù ä ø �G� ¾ áQà ã�´ .��M1�K� ø ãGÛ�Ë ;b� ø
¼!ÇÁ � ¾ ´ ¾ ¹�»aº�ÅQµ�º Ã ¹#¶ ¼ ¸ûÂ�´ ¾ ³´D»�´ Ã ¹nµ ¼ ¸ ¾ Â�´ ² µ ¼ Ü ´ Ã ¹#¶a»�´<¹nµ&º(¸ ¾ ·J¶ ¾ Ù�´�¹ á à�ã�´ .��M1�K� ø�»�´�¸ ¼ · ½ µ#´�· ¼"* ´D¸�Â$È ³´D»�´ Ã ¹nµ ¼ ¸ ¾³´D·e¶ ¾ ² º�µ ³´D»�´ Ã ¹nµ ¼ ¸ÔÂ�Á ² µ ¼ Ü ´ Ã ¹#¶7»�´�¹nµ�º(¸ ¾ ·e¶ ¾ Ë�Ò!´Æµ#´D¸�Â�´D·�´D¸l¹ áQà ã�´ .��M1�h� ø Ã/¼ · ² µ#´D¸�Â8»oÈ ³´D»�´ Ã ¹nµ ¼ ¸ ² µ ¼ Ü ´ Ã ¹#¶7»7´�´�¹»�´Ú¸ ¼ · ½ µ#´Ú· ¼�* ´D¸ûÂ!È ³´D»7´ Ã ¹nµ ¼ ¸ ¾ Â�´ Ã º ¾#Ã º(Â�´ á ¼�¾à ã�´ .��M1�h� ø�À�Á$È>¶7»�º ² µ ¼ Â�Á%¶�¹ ¾ ã áQà ã�´ .��M1�h� øÜä 
 �±á ¼�¾à ã�´ .��M1�h� ønø�Ë� ¼ Á ¾ ² ¼ Á�¿ ¼ ¸ ¾ Â ³´DÂ�Á�¶7µ#´�»7´ ¾ ¿5º(»�´DÁ�µ ¾ Â�´ � ¾ ´�¹ á ¼Q¾à ã�´ .��M1�K� ø�Â�´ ¾ Â�¶ ¾ ¹nµ�¶ ½ Á�¹#¶ ¼ ¸ ¾Ú¾ ¹#º�¹#¶ ¾ ¹#¶aÀ@Á�´ ¾ Â$È ³´D·e¶ ¾#¾ ¶ ¼ ¸³´D»�´ Ã ¹nµ ¼ ¸�¶aÀ@Á�´ ¾ ´ Ã/¼ ¸�Â�º(¶7µ#´
ºD¿�º(¸@¹Ê·�´ ¾ Á�µ ³´�´ ¾ ² ¼ Á�µÄÂ�´ ¾ ù Û ´�¹ÄÂ�´ ¾ ² µ ¼ ¹ ¼ ¸ ¾ ¶7¸ Ã ¶aÂ�´D¸l¹ ¾ ËdÒIÈ ³´D»�´ Ã ¹nµ ¼ ¸Ñ´�¹Ä»�´ ² µ ¼ ¹ ¼ ¸² ´DÁ�¿(´D¸@¹Úµ&º(¶ ¾n¼ ¸%¸�º ½ »�´D·�´D¸@¹ ©´�¹nµ#´ Ã/¼ ¸ ¾ ¶7Â ³´�µ ³´ ¾ÆÃ/¼ ·e·�´{Â�´DÁ Úg² µ ¼ Ü ´ Ã ¹#¶7»�´ ¾ ¶7¸�Â ³´ ² ´D¸�Â�º(¸@¹ ¾ À�Á�º(¸�ÂÐ¶a» ¾ º�µ#µ&¶7¿(´D¸l¹² µ Ç´ ¾ Â�´�»aº�Å�º Ã ´+Â�´ ¾n¼ µ#¹#¶7´+Â�´�»7º Ã ¶ ½ »�´(Ë á » ¼ µ ¾ »7º�Â�¶ ¾ ¹nµ�¶ ½ Á�¹#¶ ¼ ¸�·�´ ¾ Á�µ ³´�´�á{ã�ä à ã�ù Û ã ù ä ø�æ ² ´DÁ�¹ ©´�¹nµ#´+´ Ú�² µ&¶7· ³´�´
Ã/¼ ·e·�´Ñ»7º Ã/¼ ¸l¿ ¼ »aÁ�¹#¶ ¼ ¸ÐÂ�´ Ã ´D»a»�´eÂ$È>Á�¸ ² µ ¼ ¹ ¼ ¸�á{ãåä à ã�ù ä·ã ù ä ø�æ ² º�µ Ã ´D»7»�´eÂ$È>Á%¸ ³´D»�´ Ã ¹nµ ¼ ¸ á{ã �ä à ã�´ .��M1�h� ø�ædËÖÊ´D»7»7´ � Ã ¶ ² ´DÁ�¹ ©´�¹nµ&´ Ã º(» Ã Á�» ³´�´ Çº ² º�µ#¹#¶�µ+Â�´ ¾ µ#´D»7º�¹#¶ ¼ ¸ ¾+¾ Á�¶�¿�º(¸@¹n´ ¾TØ

ã �ä à ã�´ .��M1�h� ø ä ã�ä à ã�ù Û�ã ù ä ø)ç è äêJë  ã ê à ã�ù ä¾ã ù ä ø�ã �* ä . ê 2 à ã�´ .��M1�K� øã Û à�ã�ù ä ã ù ä ø ãGÛ�Ë ; /dø
ºD¿(´ Ã ² ¼ Á�µ ² µ#´D·e¶7´�µ�¹n´�µ&·�´ Ø

ã �Û à ã�´ .��M1�h� øHä ã Û à ã�ù Û ã ù ä øã Û à ã�ù ä ã ù ä ø ãGÛ�ËÞÛ 
 ø
Ò�º+Þ WÕß�B5= c$àoÝ�Ý · ¼ ¸l¹nµ#´I»7´Üµ ³´ ¾ Á�»�¹#º�¹�Â%Á Ã º(» Ã Á�»(Â�´?á{ã �ä à ã�´ .��M1�h� ø�æ Çº ² º�µ#¹#¶�µ!Â�´ ¾ Â�¶ ¾ ¹nµ&¶ ½ Á�¹#¶ ¼ ¸ ¾ ´ Ú�²Ê³´�µ&¶7·�´D¸@¹#º(»�´ ¾á{ãåä à ã�ù Û�ã ù ä ø�ædÙ½á{ã�ä à ã�ù ä~ã ù ä ø�æ<Â�º(¸ ¾ »�´ Ã º ¾ Â�´ ² µ ¼ Ü ´ Ã ¹#¶7»�´ ¾ ¶7¸ Ã ¶7Â�´D¸@¹ ¾ Â�´ ; Ë ;�� ´ º ¹nµ&ºD¿(´�µ ¾ º(¸l¹�»7º Ã ¶ ½ »�´
·e¶7¸ Ã ´(Ë�Ò�´ ² µ#´D·e¶�´�µÊ¹n´�µ&·�´ÚÂ�´�»aº�Â�¶ ¾ ¹nµ&¶ ½ Á�¹#¶ ¼ ¸ á{ã �ä à ã�´ .��M1�h� ø�æ ² ¼ Á�µu�
ä 
 Ù ¾n¼ ¶�¹�ã �Û à ã�´ .��M1�h� ø�Ù�µ#´ ² µ ³´ ¾ ´D¸@¹n´�»7º

��¿ Ì �
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V EQWÕß�B5= c$àoÝ�Ý X��+_6cn^�mn_a�#u(^�_a`�blc�[3�#k�p[#mn_��<[#b@^�hDrs[#c�vaî�_6cn^o`3�Fm3h��9�<[nc�zÆij[ncÔp[&rs[]\#^�m3`DbdcÐp[&��_6cgöhÚr_X h�p/hDbl^Äij[�rshÌ\#_a�&rs[��9_�b�\][
klh�mÚij[nc�|~}
v���� � � |I}l��ze[#^$kd`Du(m<ij[ncÄk�mL`�^o`�bdcÌv���� � � |~� ��zeiF[ ���!�mtJ[>e����+_6cn^�mn_a�#u(^�_a`�blcu�4¡� ��¢¤£¥ ��¦h§ �Ú[#^¨��� �©¢�£¥ �I¦K§ �i­p[�iDu(_�^�[#c
iF[#c­k�m�p[1\$p[1iF[&bl^o[#c#�

² µ ¼(½ º ½ ¶7»a¶�¹ ³´ ² ¼ Á�µÄÀ�Á�´mª,« éÕ�¬/­ ª ³´D»�´ Ã ¹nµ ¼ ¸!Ù@µ ³´ ¾ Á%»�¹#º(¸l¹ÊÂ�´ ¾ ¶7¸l¹n´�µ�º Ã ¹#¶ ¼ ¸ ¾ Â�´
»oÈ ³´D»�´ Ã ¹nµ ¼ ¸ ² µ ¼ Ü ´ Ã ¹#¶7»7´
Â�º(¸ ¾ »7º Ã ¶ ½ »�´(Ù¾#¼ ¶�¹ ³´D·e¶ ¾ Ù�Â ¼ ¸ Ã ã �Û à ã�´ .��M1�h� øÜä 
 ç � ¾FË
Ò�º+Â�¶ ¾ ¹nµ&¶ ½ Á�¹#¶ ¼ ¸�á{ã �ä à ã�´ .��M1�h� ø�æ ² ¼ Á�µ$»�´ ¾ ¿�º(»�´DÁ�µ ¾ �f® 
 ´ ¾ ¹�º ²%² ´D» ³´�´Iº ² µ Ç´ ¾ ¸ ¼ µ&·Jº(»7¶ ¾ º�¹#¶ ¼ ¸�á{ã ä à�ã�´ .��M1�h� ø�ædËàÄ»7»�´Æµ#´ ² µ ³´ ¾ ´D¸@¹n´J»7º{Â�¶ ¾ ¹nµ&¶ ½ Á�¹#¶ ¼ ¸ûÂ�Ág¸ ¼ · ½ µ#´�Â$È ³´D»�´ Ã ¹nµ ¼ ¸ ¾ ³´D·e¶ ¾ ² º�µ ³´D»7´ Ã ¹nµ ¼ ¸�Â�Á ² µ ¼ Ü ´ Ã ¹#¶7»7´Æ¹nµ�º(¸ ¾ ·e¶ ¾ ËÕÒ:º

¿�º(»�´DÁ�µ9· ¼�* ´D¸%¸�´�Â�´�»7ºJÂ�¶ ¾ ¹nµ&¶ ½ Á�¹#¶ ¼ ¸ßá{ãåä à ã�´ .��M1�h� ø�æÌÂ�´�»7ºeÞ WÕß�B5= c$àoÝ%Ý ´ ¾ ¹ ³´�Édº(»�´ Çº ; ËÞÛ�ÙÕ´D»7»�´Ú´ ¾ ¹ ³´�Édº(»�´Æº(Á
µ&´D¸�Â�´D·�´D¸@¹ á à�ã�´ .��M1�h� ø�Ë�Ò�´e¸ ¼ · ½ µ#´e· ¼�* ´D¸SÂ$È ³´D»�´ Ã ¹nµ ¼ ¸ ¾ Â�´ Ã º ¾#Ã º(Â�´ Ã/¼ µ#µ#´ ¾ ² ¼ ¸�Â�º(¸@¹<´ ¾ ¹�Â ¼ ¸ Ã Â�´ 
 ËÞÛ�Ë àÄ¸µ ³´ ²�³´�¹#º(¸@¹ Ã ´ ² µ ¼�Ã ´ ¾#¾ Á ¾ ºD¿(´ Ã »�´ ¾ Â�¶ ¾ ¹nµ&¶ ½ Á�¹#¶ ¼ ¸ ¾ ´ Ú�²Ê³´�µ&¶7·�´D¸@¹#º(»�´ ¾ ·�´ ¾ Á�µ ³´�´ ¾ ´D¸@¹nµ#´ 
 Ë ; ý ´�¹ ; Ë ;�� ´ º Ù�¸ ¼ Á ¾
ºF¿ ¼ ¸ ¾9¼(½ ¹n´D¸�ÁûÁ�¸�´�¿5º(»�´DÁ�µ�Â�´ áQà ã�´ .��M1�K� ø ² µ�º�¹#¶7À@Á�´D·�´D¸l¹ Ã/¼ ¸ ¾ ¹#º(¸@¹n´ ¾ Á�µ
¹ ¼ Á�¹9»�´�Â ¼ ·eº(¶a¸�´�Â$È ³´D¸�´�µ#Éd¶7´(Ë$ÖÊ´�¹n¹n´¶a¸�Â ³´ ² ´D¸�Â�º(¸ Ã ´ÚÂ�´ á à�ã�´ .��M1�K� øÊ´D¸
Å ¼ ¸ Ã ¹#¶ ¼ ¸ûÂ�´�»oÈ ³´D¸�´�µ#Éd¶7´�¶7¸ Ã ¶7Â�´D¸l¹n´ ² ´DÁ�¹ ©´�¹nµ#´�´ Ú�² »7¶7À�Á ³´�´ ² º�µ�»7ºÌ¹nµ Ç´ ¾ É(µ&º(¸�Â�´Â%¶ ¾ ² ´�µ ¾ ¶ ¼ ¸�´D¸ ³´D¸�´�µ#Éd¶7´+´�¹I´D¸eº(¸�Éd»7´
Â�´ ¾ ³´D»�´ Ã ¹nµ ¼ ¸ ¾ ² µ ¼ Ü ´ Ã ¹#¶7»�´ ¾ À@Á�º(¸%Â�¶7» ¾ º ²�² µ ¼�Ã&Ó ´D¸l¹~»aº�Å�º Ã ´
Â�´ ¾n¼ µ#¹#¶�´+Â�´+»aº
Ã ¶ ½ »�´(Ë « º�µ Ã/¼ ¸@¹nµ#´�»7´ ¾ ¿5º(»7´DÁ�µ ¾ Â�Á Ã/¼ ´�× Ã ¶�´D¸@¹�Â�´<¹nµ&º(¸ ¾ ·e¶ ¾#¾ ¶ ¼ ¸ � ¾
À�Á�¶ ¾n¼ ¸@¹
· ¼ ¸@¹nµ ³´�´ ¾�¾ Á�µ+»7ºeÞ WÕß�B5= c!àoÝ �
º(Á�Éd·�´D¸l¹n´D¸@¹�ºD¿(´ Ã »oÈ ³´D¸�´�µ#Éd¶�´Æ¶7¸ Ã ¶7Â�´D¸l¹n´(Ù�´D¸8º Ã�Ã/¼ µ&ÂgºD¿(´ Ã »oÈ>º(Á�Éd·�´D¸l¹#º�¹#¶ ¼ ¸�Â�Á ² º�µ Ã/¼ Á�µ ¾ Â�´ ¾ ³´D»7´ Ã ¹nµ ¼ ¸ ¾ ºD¿(´ Ã
»�È ³´D¸�´�µ#Éd¶�´(Ë « ¼ Á�µeÂ�´ ¾ ³´D»�´ Ã ¹nµ ¼ ¸ ¾ Â$È ³´D¸�´�µ#Éd¶�´
¶a¸�Å ³´�µ&¶7´DÁ�µ#´ Çº 
 Ø ´ º Ù~¶7»Ê¸$ÈÛ´ Ú ¶ ¾ ¹n´ ² º ¾ Â�´wÂ ¼ ¸�¸ ³´�´ ¾ ² µ ³´ Ã ¶ ¾ ´ ¾ Â�´ ¾² º�µ Ã/¼ Á�µ ¾ Â�º(¸ ¾ »�´ Ã º�µ ½�¼ ¸�´(Ë �w³´Dº(¸�· ¼ ¶7¸ ¾JÇº ² º�µ&¹#¶�µ<Â�´ ¾ µ#´D»7º�¹#¶ ¼ ¸ ¾ Â ¼ ¸�¸ ³´�´ ¾ ² º�µ$ø ��-)���1� ´�¹ > - ^ �QÝYc �Ä¼ ¸² ´DÁ�¹Ê´ ¾ ¹#¶7·e´�µÊÀ�Á�´<»7º�¿5º(»�´DÁ�µÊÂ�´ ;�
b
 þá Ù ³´DÀ�Á�¶�¿�º(»�´D¸@¹n´ ÇºÌ»oÈ ³´ ² º(¶ ¾#¾ ´DÁ�µ�Â�´�»7º Ã ¶ ½ »�´9·e¶7¸ Ã ´�¶7¸ Ã »7¶a¸ ³´�´(Ù Ã/¼ µ#µ#´ ¾ ² ¼ ¸%Â
º(Á ² º�µ Ã/¼ Á�µ ¾ Â$È ³´D»�´ Ã ¹nµ ¼ ¸ ¾ Â�´ Z 
b
 ´ º Ù ¾n¼ ¶�¹ 
 Ë 
�� ´ º Î5Á$Ë+ÖÊ´�¹n¹n´8´ ¾ ¹#¶7·eº�¹#¶ ¼ ¸ ´ ¾ ¹�´D¸üº Ã�Ã/¼ µ&ÂqºF¿(´ Ã »7´
Å�º(¶7¹
À�Á�´Æ»�´ ¾ ³´D»�´ Ã ¹nµ ¼ ¸ ¾ Â�´ ² µ ¼ Ü ´ Ã ¹#¶a»�´�¹nµ&º(¸ ¾ ·e¶ ¾ÌÇºe¹nµ&ºF¿(´�µ ¾ »7º Ã ¶ ½ »�´ ¾n¼ ¸@¹�Â ³´�¹n´ Ã ¹ ³´ ¾ ² ¼ Á�µ�»�´ ¾ ³´D¸�´�µ#Éd¶�´ ¾ ¶7¸ Ã ¶7Â�´D¸@¹n´ ¾
¾ Á ²Ê³´�µ&¶�´DÁ�µ&´ ¾�Çº 
�� ´ º Ë

�@¿�� �



ðOñpðOñÐòtóªÃ Ä°ÄNÃ Å ô·õÆ � Æ ö�ÇNÈtÅ ô Ã è&é Æ ¡QÄ°Ä»Å�öQÃ õÆ-Æ ¡néQÉ ô Æ éQÇNÈ Æ Ä õÆ ó Æ È   Æ ô ÇJÄ

Einc [MeV]
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V E�W�ß:B5= c$àoÝ �YX�ê¨p�`�r>u(^�_a`�bÐiF[Ær-hsW]m3hF\&^Q_a`DbÐiF[#c p[#r-[L\&^�m3`�blcÆi�uÌk�m3`hg&[]\&^Q_�r-[�^�m3h�blc]�9_6c&[�öhJ^�m3h�p/[&m]c�rsh{\&_a�#rs[���_�b�\L[Ì[&bW#`�b�\#^�_a`�bwiF[
r_XLp[&b�[&mQ�F_a[
_�b�\#_aij[#b@^�[1�
úå�Rú �����Q�)���æý�� ����-�����n� ý��1����� � � �)�"ý � �d������ ����� � � �r�Ô� � �� � ��� � � � � �

¡�¢�¡�¢�¤ ¥2¦¨§N©'©T§N«�¬ ­®h¯N®r±³²T´ «�¬y§Nµ�¶ ®¸·v´b´ §Ê¹®h´�®

Ò�º�Þ W�ß:Bj= c!àoÝYc µ#´ ² µ ³´ ¾ ´D¸l¹n´w»7º�Â ³´ ² ´D¸%Â�º(¸ Ã ´J´D¸ ³´D¸�´�µ#Éd¶7´�Â�Á�µ#´D¸�Â�´D·e´D¸l¹Æº�µ#µ&¶ Ç´�µ#´ á ß ã�ù Û�ã ù Û ø�À�Á�¶~Â�¶ Ý Ç´�µ#´
¸ ¼ ¹#º ½ »7´D·�´D¸l¹�Â�´ Ã ´D»7»�´ÚÂ�Á
µ#´D¸�Â�´D·�´D¸@¹ á ß ã�ù Û ã ù ä ø�Ë z ¶$´D¸
Â�´ ¾#¾n¼ Á ¾ Â�´ 
 Ë ; ý � ´ º ÙÕ»�´ ¾ µ#´D¸�Â�´D·�´D¸l¹ ¾ º�µ#µ&¶ Ç´�µ#´
Â�´ ¾ ù Û ·�´ ¾ Á�µ ³´ ¾ ´D¸ Ã/¼ Þ ú ¸ Ã ¶7Â�´D¸ Ã ´�ºD¿(´ Ã Â�´ ¾ º�¹ ¼ ·e´ ¾ ¸�´DÁ�¹nµ#´ ¾Ä¼ ÁÑÂ�´ ¾ ² µ ¼ ¹ ¼ ¸ ¾Ê¾n¼ ¸@¹ ³´�Édº(Á Ú Ù ² ¼ Á�µ~»�´ ¾ ³´D¸�´�µ#Éd¶�´ ¾
¾ Á ²�³´�µ�¶�´DÁ�µ#´ ¾�Çº 
 Ë ; ý � ´ º »7º
¿5º(»�´DÁ�µ�Â�´ á ß ã�ù Û�ã ù Û ø Ã�Ó Á�¹n´ ½ µ�Á�¹#º(»�´D·�´D¸@¹�´D¸ÌÂ�´ ¾#¾#¼ Á ¾ Â�´ Ã ´D»7»�´�Â�´ á ß ã�ù ä·ã ù ä ø² ¼ Á�µ<º�¹n¹n´D¶7¸�Â�µ&´ Çº ; Ë ; � ´ º Á�¸�´Ì¿5º(»7´DÁ�µ<Â�´DÁ Ú Å ¼ ¶ ¾ ² »7Á ¾ ² ´�¹#¶�¹n´�À�Á�´ á ß ã�ù ä·ã ù ä ø�Ë ª º(¸ ¾ Â�´ ¾<¾ ¶7·ÆÁ�»7º�¹#¶ ¼ ¸ ¾� ¼ ¸l¹n´
Ö�º�µ&» ¼ Â�´�»oÈ ³´D·e¶ ¾#¾ ¶ ¼ ¸ ³´D»�´ Ã ¹nµ ¼ ¸�¶7À�Á�´Êº�µ&µ&¶ Ç´�µ#´�Â�´ Ã ¶ ½ »�´ ¾ Â$È>º(»aÁ�·e¶7¸�¶aÁ�·wÙ Ff� ] � (LÕ{× y 2æ3 �J� �%¼ ¸l¹ ³´�Édº(»�´D·�´D¸@¹
¼(½ ¹n´D¸�Á�Á�¸�µ#´D¸�Â�´D·e´D¸l¹Úµ ³´DÂ%Á�¶�¹Ú´D¸@¿�¶7µ ¼ ¸ÐÂ�´J· ¼ ¶�¹#¶ ³´ ² ¼ Á�µ�Â�´ ¾ ù Û Çº ³´�¹#º�¹�Â�´ Ã�Ó º�µ#É(´JÉ(´D» ³´ ² º�µ�µ&º ²�² ¼ µ#¹Úº(Á
µ#´D¸�Â�´D·�´D¸l¹+Â�´ ¾ ² µ ¼ ¹ ¼ ¸ ¾ Ë

� ¼d¾ µ ³´ ¾ Á�»7¹#º�¹ ¾ ´ Ú�²�³´�µ&¶a·�´D¸l¹#º(Á Ú Â ¼ ¶7¿(´D¸l¹ ©´�¹nµ#´ Ã/¼ ¸ ¾ ¶7Â ³´�µ ³´ ¾�ÇºÌ»7ºÌ»7Á�·e¶ Ç´�µ&´9Â�´ ¾ ² Ó ³´D¸ ¼ · Ç´D¸�´ ¾+¾ ´ ² µ ¼ Â�Á%¶ ¾ º(¸@¹
» ¼ µ ¾ Â�´
»aº�¹nµ�ºD¿(´�µ ¾ ³´�´8Â$È>Á�¸�´ Ã ¶ ½ »�´ ² º�µeÁ�¸�ù Û Ø Ã ´DÁ Ú � Ã ¶ ² ´DÁ�¿(´D¸l¹ ©´�¹nµ#´ûÂ�´ ¾ º�¹ ¼ ·e´ ¾ µ#´ Ã/¼ ¸ ¾ ¹#¶�¹#Á ³´ ¾ ² º�µe»7º
Ã º ² ¹#Á�µ&´+Â$È>Á�¸ ³´D»�´ Ã ¹nµ ¼ ¸ÑÂ�´+»7º Ã ¶ ½ »�´ ² º�µÄÁ�¸ ² µ ¼ ¹ ¼ ¸ ¼ Á ² ´DÁ�¿(´D¸@¹Iº(Á ¾#¾ ¶ ©´�¹nµ&´�Â�´ ¾ º�¹ ¼ ·�´ ¾ ¹nµ&º(¸ ¾ ·J¶ ¾Ü¾ º(¸ ¾ ² ´�µ#¹n´³´D»�´ Ã ¹nµ ¼ ¸�¶aÀ@Á�´(Ù Çº ³´�¹#º�¹ÆÂ�´ Ã&Ó º�µ#É(´eÉ(´D» ³´(Ë z ¶Ü»7º�ÅQµ&º Ã ¹#¶ ¼ ¸ÐÂ�´e¸�´DÁ�¹nµ&´ ¾ Â�ÁgÅ�º(¶ ¾#Ã ´Dº(ÁÐ¶7¸ Ã ¶aÂ�´D¸l¹<º�¹n¹n´D¶7¸@¹�»7º�¿�º(»�´DÁ�µ
Â$È ³´DÀ�Á�¶7»7¶ ½ µ#´eÂ�Á�µ&º(¸@¹�»7ºû¹nµ&ºD¿(´�µ ¾ ³´�´
Â�´Ñ»7º Ã ¶ ½ »�´(Ù:»�´ ¾ ù Û ³´D·�´�µ&É(´D¸l¹ ¾�¾n¼ ¸@¹�¶ ¾#¾ Á ¾ Â�´ ¾�Ã º ² ¹#Á�µ#´ ¾ ³´D»7´ Ã ¹nµ ¼ ¸�¶7À�Á�´ ¾
º * º(¸@¹J´DÁü»7¶�´DÁ ² µ Ç´ ¾ Â�´
»7º ¾ Á�µ#Å�º Ã ´
Â�´ ¾n¼ µ&¹#¶�´
Â�´
»7º Ã ¶ ½ »�´(Ù Ã ÈÛ´ ¾ ¹ ÇºÐÂ�¶7µ#´ ½ ¶�´D¸�º(Á Â�´D» ÇºÔÂ�´
»7º ² µ ¼ Å ¼ ¸�Â�´DÁ�µ
Â$È ³´ Ã&Ó º ²�² ´D·�´D¸l¹9Â�´ ¾ ³´D»�´ Ã ¹nµ ¼ ¸ ¾ Â�´Ú»aºÌÅ�º Ã ´Æº�µ#µ&¶ Ç´�µ#´�Â�´Ú»7º Ã ¶ ½ »�´(Ë'àÄ¸ Ã/¼ ¸ ¾ ³´DÀ�Á�´D¸ Ã ´(ÙÕ»�´<µ#´D¸�Â�´D·e´D¸l¹
º�µ&µ&¶ Ç´�µ#´Ú¸�´
Â ³´ ² ´D¸�Â ² º ¾ Â�´e»oÈ ³´�¹#º�¹ÆÂ�´ Ã&Ó º�µ#É(´ÑÂ�ÁÔÅ�º(¶ ¾#Ã ´Dº(Á ³´D·�´�µ&É(´D¸l¹�ËÜÖ9ÈÛ´ ¾ ¹ Ã ´JÀ�Á�´e¸ ¼ Á ¾<¼(½%¾ ´�µ#¿ ¼ ¸ ¾ Â�º(¸ ¾ »7´ Ã º ¾ Â�Á

��¿·���



ð�ñ±ò�óªÃ Ä»Ä�Ã Å ô~õÆ � Æ öGÇNÈËÅ ô Ã è&é Æ Ã ô§÷ é�Ã Ç Æ £§¡�È ÷ Æ ÄO¡QÇJÅ8ó Æ ÄDø�ù

Einc [MeV]

0 1 2
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145 Å 1180 Å

γB(H0,H0)

γB(H0,H+)

γB(H+,H+) = ΛBSe(H
+)

V EQWÕß�B5= c!à�ÝQc X�ÍÄ[#b�iF[&��[&bl^Qc<hDmnmn_/ö[#mL[?ÎbÏ � |I}"�3|~}9��[#^ Î�Ï � |~}��L|~�o��`F�&^�[&blu�c�[&b�W#`�b�\#^�_a`�bÐij[�rVX3p[#b�[#mQ�F_a[�_�b�\&_aiF[&bl^o[� kd`Du(m+rshÆ\#_a�&rs[��9_�b�\][�[&^:rshÌ\&_a�#r-[�p[�klh�_6c]c&[�����h�\]`�u(m&�][�[&bJ^�m3h�_�^�k�r-[#_�b
iF`Dblb�[Ükl`�u(m9\L`D�Iklh�mLh�_6c&`�bwrs[�m3[&b�ij[#�<[&bl^IiF[#c
k�m3`�^o`�blc�_�b�\&_aiF[&bl^Qc8p[L�5h�r9öhk¯ Ï¨°�± � |Ä�o�&�
µ&´D¸�Â�´D·�´D¸@¹ á ß ã�ù Û�ã ù Û ø ² ¼ Á�µ
Â�´ ¾ ³´D¸�´�µ#Éd¶�´ ¾ ¶7¸ Ã ¶aÂ�´D¸l¹n´ ¾ ¶7¸�Å ³´�µ&¶�´DÁ�µ#´ ¾ÆÇºj²�Ë ; ý � ´ º Ù�º(Á ¾&¾ ¶ ½ ¶�´D¸�ºD¿(´ Ã »7º Ã ¶ ½ »�´
·J¶7¸ Ã ´ÚÀ�Á$È>ºD¿(´ Ã »7º Ã ¶ ½ »�´ ³´ ² º(¶ ¾&¾ ´(Ëá ¿(´ Ã »7º Ã ¶ ½ »�´ ³´ ² º(¶ ¾#¾ ´ ¼!ÇÁJ»aº�ÅQµ&º Ã ¹#¶ ¼ ¸eÂ�´
¸�´DÁ�¹nµ#´ ¾�ÇºÚ»oÈ ³´D·�´�µ&É(´D¸ Ã ´�Â�´ ¾~Ã ¶ ½ »�´ ¾ ´ ¾ ¹Ä»7º�ÅQµ�º Ã ¹#¶ ¼ ¸ Çº<»oÈ ³´DÀ�Á�¶7»7¶ ½ µ#´
Â�´ Ã&Ó º�µ#É(´(Ù$»�´Úµ#´D¸�Â�´D·�´D¸l¹ ³´D»�´ Ã ¹nµ ¼ ¸�¶aÀ@Á�´Æº�µ#µ&¶ Ç´�µ#´ á ß ã�ù Û�ã ù Û ø+Â ¼ ¶7¹
¹ ¼ Á Ü ¼ Á�µ ¾ ©´�¹nµ#´Æ¶aÂ�´D¸l¹#¶aÀ@Á�´�º(Áûµ#´D¸%Â�´D·�´D¸@¹á ß ã�ù Û�ã ù ä ø ² ¼ Á�µÊ»�´ ¾ ³´D¸�´�µ#Éd¶�´ ¾�¾ Á ²Ê³´�µ&¶�´DÁ�µ&´ ¾9Çºd²�Ë ; ý � ´ º Ë á Ã ´ ¾ ³´D¸�´�µ#Éd¶�´ ¾ Â�´ ¾ ´ Ú�²�³´�µ�¶�´D¸ Ã ´ ¾ ´D¸ Ã/¼ Þ ú ¸ Ã ¶7Â�´D¸ Ã ´
ºF¿(´ Ã »�´ ¾ ¸�´DÁ�¹nµ#´ ¾ ³´D·e´�µ#É(´D¸l¹ ¾Ü¾#¼ ¸l¹­Â�¶�× Ã ¶a»�´D·�´D¸@¹!µ ³´Dº(»7¶ ¾ º ½ »�´ ¾�Ã º�µÜ»�´ ¾:¾ ´ Ã ¹#¶ ¼ ¸ ¾ ´�× Ã º Ã ´ ¾ Â�´ ² ´�µ#¹n´ ³´D»�´ Ã ¹nµ ¼ ¸%¶7À@Á�´¾#¼ ¸l¹�¹nµ Ç´ ¾ É(µ�º(¸�Â�´ ¾ ´�¹+»7ºÆÅ�µ&º Ã ¹#¶ ¼ ¸wÂ�´<¸�´DÁ�¹nµ&´ ¾<Çº�»�È ³´D·e´�µ#É(´D¸ Ã ´�Â�´ ¾�Ã ¶ ½ »�´ ¾ ´ ¾ ¹ ¾ ´DÁ�»7´D·�´D¸l¹�Â�´<»oÈ ¼ µ�Â�µ#´�Â�´m² 
 .�³
ã 9 7 3 Þ W�ß:Bj= c$àjc A àv�Oc ø�Ë

Ò�º�Å ¼ µ&·ÆÁ�»�´9Â�Á ² ¼ Á�¿ ¼ ¶�µÊÂ!È>º�µ#µ ©´�¹�Â�´ A 0�´ �/0J² ¼ Á�µ�»�´ ¾ ¶ ¼ ¸ ¾ ¸�Á ¾ º ³´�¹ ³´ ³´�¹n´D¸�Â%Á�´9º(Á Ã º ¾ Â�´ ¾ ¶ ¼ ¸ ¾ ² º�µ#¹#¶7´D» �
»7´D·�´D¸l¹ ³´ ² »aÁ Ã&Ó ³´ ¾ �QÝÙº � ´�¹ÚÁ�¸�´ÌÅ ¼ µ�·�Á�»7´Æº(¸�º(» * ¹#¶7À�Á�´�º ³´�¹ ³´ ² µ ¼ ² ¼d¾ ³´�´ ² ¼ Á�µ�Â�´ ¾ ² µ ¼ Ü ´ Ã ¹#¶7»�´ ¾<ÓÔ* Â�µ ¼ É ³´D¸ ¼ Þ ú Â�´ ¾
Çº8»oÈ ³´�¹#º�¹eÅ ¼ ¸�Â�º(·�´D¸@¹#º(»Ê´�¹�Â ¼ ¸l¹Ì»oÈ ³´�¹#º�¹eÂ�´ Ã&Ó º�µ&É(´w´ ¾ ¹�É(´D» ³´ ² ´D¸�Â%º(¸l¹�¹ ¼ Á�¹n´
»7º�¹nµ&ºD¿(´�µ ¾ ³´�´�Â�´�»aº Ã ¶ ½ »�´ �QÝH: �
ãKJ 
%B#7Ôß ( =µ� Ý�àj� � A à¾b ø�Ë « ¼ Á�µ<Á�¸gù Û ¶7¸ Ã ¶7Â�´D¸@¹
Â�´ ; � ´ º Çº ³´�¹#º�¹�Â�´ Ã&Ó º�µ#É(´ÌÉ(´D» ³´e»�´ ² ¼ Á�¿ ¼ ¶7µ9Â$È>º�µ&µ ©´�¹�Â%ÁÃ º�µ ½Õ¼ ¸�´ Ã º(» Ã Á�» ³´ Çºû»oÈ>º(¶7Â�´eÂ�´ Ã ´�¹n¹n´ÑÅ ¼ µ&·ÆÁ�»�´�´ ¾ ¹ 
 Ë ý Z Å ¼ ¶ ¾ ² »7Á ¾ ² ´�¹#¶7¹ÚÀ@Á�´ ² ¼ Á�µ�Á�¸ ² µ ¼ ¹ ¼ ¸$Ë á ² º�µ#¹#¶�µÚÂ�´
Ã ´�¹n¹n´Æ¿�º(»�´DÁ�µ+´�¹
Â%Áwµ#´D¸�Â�´D·e´D¸l¹ á ß ã�ù Û�ã ù Û ø�·e´ ¾ Á�µ ³´ Çº ;2� ´ º ´�¹ Çº ; Ë ;1� ´ º Ù ¼ ¸ ² ´DÁ�¹ Ã º(» Ã Á�»�´�µ
»7ºe¿5º(»�´DÁ�µ
· ¼�* ´D¸�¸�´�Â�Á{Å�º Ã ¹n´DÁ�µ
Â�´ ² µ ¼ ² ¼ µ#¹#¶ ¼ ¸�¸�º(»7¶�¹ ³´�Ú Û ß ´D¸l¹nµ#´Ú»7´<µ#´D¸�Â�´D·�´D¸@¹�º�µ#µ&¶ Ç´�µ#´�´�¹+»�´ ² ¼ Á�¿ ¼ ¶�µ�Â$È>º�µ#µ ©´�¹ ¿ ¾jã�ù Û ø
Â%Á Ã º�µ ½�¼ ¸�´ ² ¼ Á�µ+Â�´ ¾ ù Û Ø

Ú Û ß ä 
ÙÜ d ² Ý 
ÙÜt
 Z þá å ´ º ãGÛ�ËÞÛ�²Fø
Ö�´�¹n¹n´J¿�º(»�´DÁ�µÚ´ ¾ ¹ Çº Ã/¼ · ² º�µ#´�µ Çº Ã ´D»7»�´ÑÀ@Á�¶Üº ³´�¹ ³´wÂ ³´DÂ�Á%¶�¹n´eÂ�´ ¾ µ ³´ ¾ Á�»�¹#º�¹ ¾ Â�´ ¾ ² µ ¼ ¹ ¼ ¸ ¾ ¶7¸ Ã ¶7Â�´D¸l¹ ¾ ã 9 7 3 J 
%B¤�7Ôß ( =¶� c!àjb � A àv� X ø Ø Ú ß ä 
ÙÜ d[d�Ý 
ÙÜt
�; þá Îj´ º Ë

�@¿$¿À�



ðOñpðOñÐòtóªÃ Ä°ÄNÃ Å ô·õÆ � Æ ö�ÇNÈtÅ ô Ã è&é Æ ¡QÄ°Ä»Å�öQÃ õÆ-Æ ¡néQÉ ô Æ éQÇNÈ Æ Ä õÆ ó Æ È   Æ ô ÇJÄ

Einc [MeV]

0 1 2

γ B

0
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4
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145 Å

γB(H0,H+) = γB(H0,Hr
0)

γB(H0,H0)

γB(H0,H0)calc

γB(H0,Ht
0) = ΛBSe(H

0)

V E�W�ß:B5= c$àoÝY: XhÍ~[&b�iF[&�<[#b@^ac9[L�#k�p[&mn_���[&bl^oh�uF�Jh�mnmn_�ö[&m3[LÎbÏ � |I}{�3|I}9�<[#^_Î�Ï � |I}{�3|Ä�_�<[#^~m3[#b�iF[&��[&bl^~[&^dÎbÏ � |I}{�3|I}9�\]h�rs\&u(r�p[
[&b|W#`�b�\#^�_a`�büij[{r_XLp[&b�[&mQ�D_a[
_�b�\&_aiF[&bl^o[������%hÔ\]`Du(m&�L[·¯ ÏQ°z± � |I}l��m3[ok�m�p[#c&[#b@^�[�rsh:p�h�mn_ahD^Q_a`Db i�uïm3[&b�ij[#�<[#b@^
Î Ï � |~}"�L|I}9�&�

Ò�´ ½�¼ ¸üº Ã�Ã/¼ µ�Â ´D¸@¹nµ#´g»�´ ¾ ¿�º(»�´DÁ�µ ¾ Â�´åÚ Û ß ´�¹ Ú ß ¶7¸�Â�¶7À�Á�´
À�Á�´ Ã ´ ² º�µ&º(· Ç´�¹nµ&´ ² ´DÁ�¹ ©´�¹nµ&´ Ã/¼ ¸ ¾ ¶7Â ³´�µ ³´
Ã/¼ ·e·�´ÆÁ�¸�´ Ã º�µ&º Ã ¹ ³´�µ&¶ ¾ ¹#¶7À�Á�´ÆÂ�´�»7º Ã ¶ ½ »�´(Ù�¶7¸�Â ³´ ² ´D¸�Â�º(¸@¹n´ÚÂ�Á ² µ ¼ Ü ´ Ã ¹#¶a»�´(Ù%À�Á�¶$µ#´D»7¶7´Ú»oÈ ³´D·e¶ ¾#¾ ¶ ¼ ¸ ³´D»�´ Ã ¹nµ ¼ ¸�¶7À�Á�´
º�µ#µ&¶ Ç´�µ&´ Çºw»aº ² ´�µ#¹n´�Â$È ³´D¸�´�µ#Éd¶7´eÂ�Á ² µ ¼ Ü ´ Ã ¹#¶a»�´�¶7¸ Ã ¶7Â�´D¸@¹�Ë�Ò!´Ìµ#´D¸�Â�´D·e´D¸l¹�º�µ#µ&¶ Ç´�µ#´ á ß ã�ù Û ã ù ÛN ø Ã/¼ µ#µ#´ ¾ ² ¼ ¸%Â�º(¸l¹º(Á Ú ù Û ¹nµ&º(¸ ¾ ·e¶ ¾ º ³´�¹ ³´ Ã º(» Ã Á�» ³´ ¾ Á�µÄ¹ ¼ Á�¹�»�´�Â ¼ ·eº(¶a¸�´9Â!È ³´D¸�´�µ#Éd¶�´�´D¸{Á�¹#¶7»7¶ ¾ º(¸l¹Ê»7º�¿�º(»�´DÁ�µ�Â�´�Ú ß Â ³´�¹n´�µ�·e¶7¸ ³´�´² µ ³´ Ã ´DÂ�´D·J·�´D¸l¹ÌÂ�º(¸ ¾ »�´ Ã º ¾ Â�´ ¾ Â�´ ¾ ² µ ¼ ¹ ¼ ¸ ¾ ËQRL»~´ ¾ ¹�µ&´ ² µ ³´ ¾ ´D¸@¹ ³´ ¾ Á�µ�»7ºûÞ WÕß�B5= c$àoÝH: ² º�µÆ»7º Ã/¼ Á�µ ½ ´e´D¸
¹nµ&º(¶�¹ ² »�´D¶a¸$Ë á 	 ¸�Â�´Äµ#´ Ã/¼ ¸ ¾ ¹#¶�¹#Á�´�µÜ»7º�Â ³´ ² ´D¸%Â�º(¸ Ã ´Ê´D¸ ³´D¸�´�µ#Éd¶�´�·�´ ¾ Á�µ ³´�´�´ Ú�²Ê³´�µ&¶7·�´D¸@¹#º(»�´D·�´D¸@¹ÜÂ�´ á ß ã�ù Û ã ù Û ø�Ù
¸ ¼ Á ¾ ºD¿ ¼ ¸ ¾�½ ´ ¾n¼ ¶7¸JÂ�´ Ã/¼ ¸�¸%º © ú ¹nµ#´�»�´ ¾ µ&´D¸�Â�´D·�´D¸@¹ ¾ á ß ã�ù Û�ã ù ÛM ø~Â ©Á ¾ º(Á Ú ù Û µ#´ Ã/¼ ¸ ¾ ¹#¶�¹#Á ³´ ¾ ³´D·�´�µ&É(´Dº(¸l¹
Â�´9»7ºÃ ¶ ½ »7´(Ë�Ö ¼ ·e·�´�¸ ¼ Á ¾ »�È>ºD¿ ¼ ¸ ¾ Â�¶ ¾#Ã Á�¹ ³´ ² »7Á ¾ÜÓ º(Á�¹�Ù@¶7»�´ ¾ ¹ ³´�¿�¶7Â�´D¸@¹ÄÀ�Á�´ Ã ´�µ#´D¸�Â�´D·�´D¸@¹I´ ¾ ¹ ³´�Édº(» Çº Ã ´D»7Á�¶�·�´ ¾ Á�µ ³´
´D¸ Ã/¼ Þ ú ¸ Ã ¶7Â�´D¸ Ã ´ÚºF¿(´ Ã Â�´ ¾ ² µ ¼ ¹ ¼ ¸ ¾TØ

á ß ã�ù Û ã ù ÛM øHä á ß ã�ù Û ã ù ä ø ãGÛ�ËÞÛ ; ø
Ò!´�µ&´D¸�Â�´D·�´D¸@¹<º�µ#µ&¶ Ç´�µ#´ á ß ã�ù Û�ã ù Û ø�Ù ² ´DÁ�¹ ©´�¹nµ#´ ³´ Ã µ&¶�¹ Ã/¼ ·J·�´e»7º ¾n¼ ·e·e´ÌÂ%Ágµ#´D¸�Â�´D·�´D¸@¹ÚÂ ©Á Çºw»7º�Å�µ&º Ã ¹#¶ ¼ ¸
Â�´�ù Û µ#´ Ã/¼ ¸ ¾ ¹#¶7¹#Á ³´ ¾ ´�¹�Â�ÁJµ#´D¸�Â�´D·e´D¸l¹�Â ©Á Çº�»7º�ÅQµ�º Ã ¹#¶ ¼ ¸ÑÂ�´9ù Û ¹nµ&º(¸ ¾ ·e¶ ¾ Ù ¾n¼ ¶�¹ ² ¼ Á�µÊÁ�¸�´ ³´D¸�´�µ#Éd¶�´�¶7¸ Ã ¶aÂ�´D¸l¹n´
Â ¼ ¸�¸ ³´�´ Ø

á ß ã�ù Û ã ù Û øHä �%�
��� á ß ã�ù Û ã ù ä ø �Ðá ß ã�ù Û ã ù ÛN ø@´ Ú�² ã�ç ���n" ç ø ãGÛ�ËÞÛbÛdø

à~¸�Á�¹#¶7»a¶ ¾ º(¸@¹Ñ»�´ ¾ ÅQµ�º Ã ¹#¶ ¼ ¸ ¾{Ã º(» Ã Á�» ³´�´ ¾ Â�´gù Û ¹nµ&º(¸ ¾ ·e¶ ¾ ã�´ Ú�² ã�ç ���#" ç ønøe´�¹{Â�´gù Û µ#´ Ã/¼ ¸ ¾ ¹#¶�¹#Á ³´ ¾ ã �%� å ��� ø
À�Á�´Ñ¸ ¼ Á ¾ ºF¿ ¼ ¸ ¾ Â ¼ ¸�¸ ³´�´ ¾ Â�º(¸ ¾ »�´1#�%u&³( = % ß c$àoÝ ´�¹ ¾ Á�µ�»aº
Þ W�ß:Bj= c!àjc Ù­¸ ¼ Á ¾ ºD¿ ¼ ¸ ¾ÌÃ º(» Ã Á�» ³´{»�´ ¾ µ#´D¸�Â�´ �
·�´D¸@¹ ¾ á ß ã�ù Û�ã ù Û ø�À�Á�¶ ¾n¼ ¸@¹Ñ· ¼ ¸l¹nµ ³´ ¾{¾ Á�µÑ»7ºgÞ WÕß�B5= c!à�ÝY: ´�¹ÑÀ�Á�¶�µ#´ ² µ ¼ Â�Á%¶ ¾ ´D¸@¹Æ¹nµ Ç´ ¾Ñ½ ¶�´D¸ü»�´ ¾ ¿�º(»�´DÁ�µ ¾
´ Ú�²Ê³´�µ&¶7·�´D¸@¹#º(»�´ ¾ Ë

��¿�îï�



ð�ñ±ò�óªÃ Ä»Ä�Ã Å ô~õÆ � Æ öGÇNÈËÅ ô Ã è&é Æ Ã ô§÷ é�Ã Ç Æ £§¡�È ÷ Æ ÄO¡QÇJÅ8ó Æ ÄDø�ù

Einc [MeV]

0 1 2

γ F

0

1

2

3

4

5

γF(H+,H+) = ΛFSe(H
+)

145 Å 1180 Å

γF(H0,H0)

V EQWÕß�B5= c!à�ÝÙº X³ÍÄ[#b�iF[&��[&bl^QcÊh�p�h�b@^'Î�� � |~}"�L|I}R�
[#bqW#`Db�\&^Q_a`DbÑiF[�rVX3p[#b�[#mQ�F_a[
_�b�\&_aiF[&bl^o[I������h<\L`Du(m&�][+[#b�^�m3hD_�^�k�rs[&_�bij`�b@b�[Ükd`Du(m
\L`D�Iklh�mLh�_6c&`�b�rs[
m3[#b�iF[&��[&bl^ÜiF[#c�k�m3`D^�`Dbdc�_�b�\&_aiF[&bl^Qc8p[3�5h�r�öhq¯ �S°�± � |Ä�o�&�
¡$¢Q¡$¢Q£ ¥2¦¨§�©'©ª§N«�¬ ­®?¯°®r±³²T´ «�¬�§Nµ�¶ ®¸·r�r· ¬ ²
Ò:ºg¿5º�µ�¶7º�¹#¶ ¼ ¸�ºD¿(´ Ã »oÈ ³´D¸�´�µ#Éd¶�´
¶7¸ Ã ¶7Â�´D¸@¹n´{Â%ÁSµ&´D¸�Â�´D·�´D¸@¹eºD¿�º(¸l¹ á�¸ ã�ù Ûeã ù Û ø�·�´ ¾ Á�µ ³´w´D¸ Ã/¼ Þ ú ¸ Ã ¶aÂ�´D¸ Ã ´wºD¿(´ Ã
»7´ ¾ ¸�´DÁ�¹nµ#´ ¾ ³´D·�´�µ#É(´Dº(¸@¹ÚÂ�´ ¾�Ã ¶ ½ »�´ ¾ ´ ¾ ¹<· ¼ ¸l¹nµ ³´�´ ¾ Á�µ9»aºJÞ W�ß:Bj= c$àoÝ÷º Ë�R]»:´ ¾ ¹ ³´�¿�¶7Â�´D¸@¹<À@Á�´Æ»�´ ¾ µ#´D¸�Â�´D·�´D¸l¹ ¾
ºF¿5º(¸@¹�Â�´Ú»7º Ã ¶ ½ »�´<·e¶a¸ Ã ´ÚÂ ¼ ¶�¿(´D¸@¹�µ#´�� ³´�¹n´�µ�»�´ ¾ Å�µ&º Ã ¹#¶ ¼ ¸ ¾ µ&´D»7º�¹#¶�¿(´ ¾ Â�º(¸ ¾ »�´�Å�º(¶ ¾#Ã ´Dº(ÁûÂ�´Ú¸�´DÁ�¹nµ#´ ¾ ³´D·�´�µ#É(´D¸@¹ ¾
Â�´ ¾ º�¹ ¼ ·�´ ¾ µ#´ Ã/¼ ¸ ¾ ¹#¶�¹#Á ³´ ¾ ù ÛM ´�¹
Â�´ ¾ º�¹ ¼ ·e´ ¾ ¹nµ&º(¸ ¾ ·J¶ ¾ ù ÛN Ë�ÿ�¸ ¼(½%¾ ´�µ&¿(´ ½ ¶�´D¸�À@Á�´ ² ¼ Á�µwÁ�¸�´ ³´D¸�´�µ#Éd¶7´
¶a¸ Ã ¶7Â�´D¸@¹n´ ¾ Á ²Ê³´�µ&¶�´DÁ�µ&´ Çº¹²�Ë»º ý � ´ º »�´Ìµ#´D¸�Â�´D·�´D¸@¹<ºD¿�º(¸l¹�Â�´�»7º Ã ¶ ½ »�´Ì·e¶7¸ Ã ´ Ã&Ó Á�¹n´�¹nµ Ç´ ¾ µ&º ² ¶7Â�´D·e´D¸l¹�ºD¿(´ Ã
»�È ³´D¸�´�µ#Éd¶�´(Ù ² ¼ Á�µeÂ�´�¿(´D¸�¶7µe¶7¸�Å ³´�µ�¶�´DÁ�µ Çº Ã ´D»7Á�¶�Â�´ ¾ ² µ ¼ ¹ ¼ ¸ ¾ ¶7¸ Ã ¶7Â�´D¸@¹ ¾ á�à ã�ù ä ã ù ä ø�ÙÜ´�¹Jº�¹n¹n´D¶7¸�Â�µ&´
»7º8¿5º(»�´DÁ�µá à�ã�ù Û�ã ù Û øÜä 
ÙÜÞ� ý ë�á àÊã�ù ä¾ã ù ä ø Çº�º�Ë»º � ´ º ã Çº Ã/¼ · ² º�µ&´�µ
ºD¿(´ Ã »�´�Å�º Ã ¹n´DÁ�µ 
 Ë ý ¼(½ ¹n´D¸�Á ² ¼ Á�µ�»oÈ ³´D·e¶ ¾#¾ ¶ ¼ ¸
º�µ&µ&¶ Ç´�µ#´jø�Ë « ¼ Á�µ�Â�´ ¾ ³´D¸�´�µ#Éd¶�´ ¾ ¶7¸ Ã ¶7Â�´D¸@¹n´ ¾~Ã/¼ · ² µ&¶ ¾ ´ ¾ ´D¸l¹nµ#´ 
 Ë ý ´�¹s²�Ë»º ý � ´ º Ù Ã ÈÛ´ ¾ ¹ Çº�Â%¶�µ#´+À�Á�º(¸�ÂJ»7´ ¾ º�¹ ¼ ·�´ ¾
ù Û ¾n¼ µ#¹#º(¸@¹ ¾n¼ ¸l¹<Â�´ ¾ ù ÛM µ#´ Ã/¼ ¸ ¾ ¹#¶�¹#Á ³´ ¾ Ù ¼ ¸ ¼(½�¾ ´�µ#¿(´eÁ�¸�´Ìº(Á�Éd·�´D¸@¹#º�¹#¶ ¼ ¸ÔÂ�Á8µ#´D¸%Â�´D·�´D¸@¹�ºF¿5º(¸@¹Úº(Á ¾#¾ ¶ ½ ¶7´D¸² ¼ Á�µ+»aº Ã ¶ ½ »�´<·e¶7¸ Ã ´ÚÀ@Á�´ ² ¼ Á�µ+»aº Ã ¶ ½ »�´ ³´ ² º(¶ ¾#¾ ´(Ë

ª ´
¹n´D»7»�´ ¾ ¿�º�µ&¶7º�¹#¶ ¼ ¸ ¾ ºF¿(´ Ã »oÈ ³´D¸�´�µ&Éd¶�´+¶7¸ Ã ¶7Â�´D¸l¹n´�¸�´ ² ´DÁ�¿(´D¸@¹ ©´�¹nµ#´
Â�Á�´ ¾ À�Á$È Çº<Â�´ ¾ ² µ ¼�Ã ´ ¾#¾ Á ¾ Â$È>¶7¸@¹n´�µ&º Ã ¹#¶ ¼ ¸
Â%¶ Ý
³´�µ#´D¸@¹ ¾ Ù%¸ ¼ Á ¾ º(»7» ¼ ¸ ¾ »�´ ¾ Â�¶ ¾#Ã Á�¹n´�µ ¾ ³´ ² º�µ ³´D·�´D¸@¹�Ë

¥2¦¨§�©'©ª§N«�¬ §�¬Lï�¶�§ ²
® òL·v´ ¯N® © ·�² «�¦ ® ©A� � ²T´�· ¬L©T¦¨§�© ¹· ­®�²'·�² ï ® ±vñh·v´¤¼�®½¼�®h¯ ­®
Ò:º<Þ W�ß:Bj=b¾ àoÝ÷º · ¼ ¸@¹nµ#´
À�Á�´+»oÈ ³´D·e¶ ¾&¾ ¶ ¼ ¸ ³´D»�´ Ã ¹nµ ¼ ¸%¶7À@Á�´
ºD¿�º(¸l¹Ê¶7¸�Â�Á%¶�¹n´ ² º�µ~Â�´ ¾ ù Û Çº ³´�¹#º�¹�Â�´ Ã&Ó º�µ&É(´
É(´D» ³´�º(Á
Â�´ ¾#¾ Á ¾ Â�´¿º � ´�Àq´ ¾ ¹Ê¶7¸�Å ³´�µ&¶�´DÁ�µ#´ Çº Ã ´D»a»�´+Â$È>Á�¸ ² µ ¼ ¹ ¼ ¸JÂ�´+·|Á´D·�´�¿�¶7¹n´ ¾#¾ ´
¶7¸ Ã ¶7Â�´D¸@¹n´(Ù(¹ ¼ Á�¹ Ã/¼ ·e·�´�»oÈ ³´D·e¶ ¾#¾ ¶ ¼ ¸
º�µ&µ&¶ Ç´�µ#´(Ë Â

î!O
Â



ðOñpðOñÐòtóªÃ Ä°ÄNÃ Å ô·õÆ�Ã Æ ö�ÇNÈtÅ ô Ã è&é Æ�Ä Ä°Ä»Å�öQÃ õÆ-ÆzÄ éQÉ ô Æ éQÇNÈ Æ Ä õÆ ó Æ È»Å Æ ô ÇJÄ
á ² º�µ#¹#¶�µÚÂ�´ ¾ µ#´D¸�Â�´D·e´D¸l¹ ¾ ·e´ ¾ Á�µ ³´ ¾�Çºjº � ´�À ´�¹�º�Ë»º � ´�ÀÆÙ�»7º{µ#´D»7º�¹#¶ ¼ ¸ÔÂ�´ ² µ ¼ ² ¼ µ#¹#¶ ¼ ¸%¸�º(»7¶�¹ ³´�»7¶ ³´�´eº(Á

² ¼ Á�¿ ¼ ¶�µ+Â$È>º�µ&µ�Á´�¹ ² ¼ Á�µ�ù Û Ã/¼ ¸%Â�Á�¶�¹ Çº�»7ºÌ¿�º(»�´DÁ�µ ¾ Á�¶�¿�º(¸l¹n´ ² ¼ Á�µ+»7´ Ã/¼ ´�× Ã ¶7´D¸l¹�Ú Ûà Ø
Ú Ûà ä 
ÙÜ   ² Ý 
ÙÜt
 º þá å ´�À ãGÛ�ËÞÛ(Æ@ø

Çº Ã/¼ · ² º�µ&´�µûºD¿(´ Ã »aº Â ³´�¹n´�µ&·e¶7¸�º�¹#¶ ¼ ¸ À@Á�¶�ºF¿5º(¶�¹ ³´�¹ ³´SÅ�º(¶�¹n´ÐÂ%º(¸ ¾ »�´ Ã º ¾ Â�´ ² µ ¼ ¹ ¼ ¸ ¾ ¶7¸ Ã ¶7Â�´D¸l¹ ¾TØ Ú¾à ä
ÙÜ ÆÑ/ Ý 
ÙÜt
 º þá Îj´�ÀÆË�ÒIÈÛ´ Ú�² »7¶ Ã º�¹#¶ ¼ ¸üÂ�´ Ã ´�¹n¹n´ÐÂ�¶ Ý
³´�µ#´D¸ Ã ´ ² ´DÁ�¹jÁ´�¹nµ#´gµ#´ Ã&Ó ´�µ Ã&Ó ³´�´Ô´D¸ Ã/¼ ¸ ¾ ¶aÂ ³´�µ&º(¸l¹ ² »aÁ ¾ ´D¸
Â ³´�¹#º(¶7»+»�È>¶7¸l¹n´�µ�º Ã ¹#¶ ¼ ¸ Â$È>Á�¸�ù Û ¶a¸ Ã ¶7Â�´D¸@¹ÆºF¿(´ Ã »�´ ¾ ³´D»�´ Ã ¹nµ ¼ ¸ ¾ Â�´
»7º Ã ¶ ½ »�´(Ë�à~¸ Ã ´ ¾ ´D¸ ¾ ¶a»ÊÂ�´�¿�¶�´D¸@¹�Á�¹#¶7»�´{Â�´
Ã/¼ · ² º�µ&´�µÊ»oÈ ³´D·e¶ ¾#¾ ¶ ¼ ¸ ³´D»�´ Ã ¹nµ ¼ ¸�¶7À�Á�´9¶7¸�Â�Á�¶7¹n´ ² º�µÊÁ%¸ ² µ ¼ ¹ ¼ ¸Ñ´�¹ ² º�µÊÁ%¸Jù Û ¹nµ&º(¸ ¾ ·e¶ ¾ º(Á�· ¼"* ´D¸�Â%Áeµ&º ²�² ¼ µ#¹
Â�´Ú»�´DÁ�µ ¾ µ#´D¸�Â�´D·e´D¸l¹ ¾ á�à å á ß Ë

àÄ¸Ðµ Ç´�Éd»�´ÑÉ ³´D¸ ³´�µ�º(»�´(ÙÜ»7º
Â�¶ Ý
³´�µ#´D¸ Ã ´e´D¸@¹nµ#´�»�´ ¾ µ#´D¸%Â�´D·�´D¸@¹ ¾ ³´D»�´ Ã ¹nµ ¼ ¸�¶aÀ@Á�´ ¾ ºD¿�º(¸l¹Æ´�¹�º�µ&µ&¶ Ç´�µ#´JÂ$È>Á%¸�´ Ã ¶ ½ »�´
·e¶7¸ Ã ´�´ ¾ ¹~Â�Á�´�º(Á Úï³´D»�´ Ã ¹nµ ¼ ¸ ¾ a Ã µ ³´ ³´ ¾ » ¼ µ ¾ Â�´ ¾IÃ/¼ »a»7¶ ¾ ¶ ¼ ¸ ¾�Çº�Å�º(¶ ½ »7´ ² º�µ&º(· Ç´�¹nµ#´�Â!È>¶7· ² º Ã ¹ ² µ ¼ Ü ´ Ã ¹#¶7»7´ � ³´D»7´ Ã ¹nµ ¼ ¸
´�¹ÑÀ�Á�¶ ² º�µ&¹#º�É(´D¸l¹�´D¸ ¾ Á�¶7¹n´
»�´DÁ�µ ³´D¸�´�µ#Éd¶7´�¶7¸�¶7¹#¶7º(»�´ ³´D»�´�¿ ³´�´gºD¿(´ Ã�½ ´Dº(Á Ã/¼ Á ² Â$È ³´D»�´ Ã ¹nµ ¼ ¸ ¾ Â�´ Ã º ¾#Ã º(Â�´8· ¼ ¶7¸ ¾³´D¸�´�µ#É ³´�¹#¶7À�Á�´ ¾ Ë%Ò:º�Â�¶ ¾ ¹nµ�¶ ½ Á�¹#¶ ¼ ¸JÂ�´ ¾ ³´D»�´ Ã ¹nµ ¼ ¸ ¾ a�´ ¾ ¹�º(¸�¶ ¾#¼ ¹nµ ¼ ² ´9´�¹�¹nµ Ç´ ¾ Å ¼ µ#¹n´D·e´D¸l¹ ² ¶aÀ@Á ³´�´�¿(´�µ ¾ »oÈ>ºF¿5º(¸@¹�Ù Ã ´
À�Á�¶ Ã/¼ ¸%Â�Á�¶�¹ ÇºÌº(Á�Éd·�´D¸@¹n´�µ+»�´9¸ ¼ · ½ µ&´9Â$È ³´D»�´ Ã ¹nµ ¼ ¸ ¾ ³´D·e¶ ¾ ² º�µ�»7º�Å�º Ã ´�ºF¿5º(¸@¹�Ù�´�¹�Â ¼ ¸ Ã�Çº ¼(½ ¹n´D¸�¶�µ�Á�¸Ñµ&º ²�² ¼ µ#¹áQà å á ß C½²�ËÜÖÊ´ ² ´D¸�Â�º(¸@¹�Ù Ã ´�¹�´ Ý ´�¹Æ´ ¾ ¹�»7¶a·e¶�¹ ³´ Ã º�µÌ»7º Ã/¼ ¸@¹nµ&¶ ½ Á�¹#¶ ¼ ¸Ôµ#´D»7º�¹#¶�¿(´�Â�´ ¾ ³´D»�´ Ã ¹nµ ¼ ¸ ¾ a�´ ¾ ¹ ² ´�¹#¶�¹n´(ËÇ ¼ Á�µ
Â�´ ¾ ² µ ¼ ¹ ¼ ¸ ¾ Ù ¼ ¸ ¼(½ ¹#¶�´D¸@¹�´ Ú�²�³´�µ�¶7·�´D¸@¹#º(»�´D·�´D¸@¹ Ø
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É H��<ÿ¦'º��� ] % ��KI��`ÿ F �KG�Ó����������g�	�¿É�ÿ�Hc��HJG+LWÈ\ ) \c�,ü ] ���F��L@�G\�G�Ó���L�H��,�-��G ��_�9��KG��KI��KG��DÉ�ÿ�Hcü�\�ü ] � µ ] �«ÿJ\�É�É H[ÿa�´ < t Ø7G���Ó�HJG�La�a�,�a����Éc\�L ��G����.\ ] �g��ÿ ] ��Is�J���"���KL��L# �_��L
Ó�H ]Ì] �gÓ��a� ) L*Hcü+L��`ÿ��9��KLsÈ\ ] %_\��.\�G��(���KL Ó_�,ü ] �KL�� kA] G.%��KL@�
É�\�Lj��IsÉ�HJL#La�,ü ] �1'��.% �+GÑÿ�\�É�É H[ÿa� ´ < o Ø
ÉF�F��L�L�� c�_�;ÿ��"Hcü+L��`ÿ��9��"��\�G�LjÓ��`ÿ��G\c��G��KL�Ó�HJG��F�,�a��HJG�L,�L�ºÉË��`ÿ���I��KG��G\ ] �KL��
À)GÇÉc\�ÿa�a�JÓ_� ] ���`ÿ µ É H��<ÿ
��GÇ��HJGYI�H ] ��gÓ_� ] \c�$ÿ��-H��ô��GM\ F ÿº�� F \��7���)�G\c� ]i] �!��HJG�G����� µ ��G��h\c� F I��KG��G\��a��HJGÍ\����gÓ ] \
�L�,���KL�L��)��G�Ó_�����KG����$���KL(�L# �_��L¶Ó�H ]Ì] �gÓ��a� ) L
��\�G�L ] �KL�Ó�H ]Ì] ��La��HJG�L�����La�G\�G����KLSL����;ÿJ\������ÌÿJ\SÉ�\�ÿ
��G��Õ\c� F I��KG��G\��a��HJG
����G�HJI�ü�ÿ��;�.% �� ] �gÓ��;ÿ#HJG�L ] �KG���LËÉ�ÿ�H>�����J��L¾\ ] H[ÿ#Lº'���� ] %��L#��_���,% ��G8+��,ü��,�a��HJG%�xc�e\c�<�+ÓB+�\�ÿ F �KL�É HJLa�,�a�J���KL*���KLj��HJG�L
���_��ÿJ\c�,�ËÉ ] �+L)H���I�H��UG�Lnÿ��KL@���`ÿ���GFÓB+�\�G F ����8¨
� ��� ] L&�L# �_��L���� ] \��L�,���KL�L��"L��<ÿ ] �KLj��G����`ÿJ\cÓ��a��HJG�LjÓ�H ]Ì] �gÓ��a�,���KL*���KL\ F ÿL�� F \���L&HJG��)��_�����É�ÿº��K���,��L3É�\�ÿ,���KL)��_�a�����KL��@+~���H[ÿ��?'º���KL[É�H���ÿZ���KL)\ F ÿL�� F \���L*��� É ] ��La���g�<ÿ#L / � JML � ^ �L�ªbN��Ò£Ó��KL
��KG��`ÿ F ���KL���G�Ó_�����KG����KL+�� ] �_�9����KL µ � ]�) \c�������¶É ] ��LË���KGF�$ÿ�Ó�HJISÉ����$��� ] \SÓ�HJG��;ÿ��,üF�5�a��HJG È\ ] % ��KIs��L�L���HJG �� ] �gÓ��;ÿ�HJG��?'º���\g��\�G��(���KL+�� ] �gÓ��;ÿ#HJG�L(���KLjÉ�ÿ�H.-��gÓ��a� ] �KLË�;ÿJ\�G+L�Is��L�È\S�;ÿ�\g���`ÿ#L ] �KL�Ó_�,ü ] �KL��
Á(H���L
��H � HJG+L$La�<ÿ ] \¥�:��� <=> Ô � ÿ 'º��� ] �KL
�L#��_��L$I�H ] ��gÓ_� ] \c�$ÿ#�KLSHcü+L��`ÿa�9��KL"L�HJG��SG~�� F \��a� ) L½n[LJ\c� ) É H��<ÿ ] �KL

û �- �.% ��KG��`ÿ F ��� ��G�Ó_�����KG����(���
� ÂcÂ m � JML ��Im\-La�<ÿ ] \�Ó_�,ü ] �
Is��G�Ó�� p �I¨�\�G�L~��H���L ] �KLËÓ`\�L&H0È� ´ <øi»Ø µ Ó�� ] \�É �g�5�
c�_�;ÿ����xc�öÈ\î��G���I%H	���?oFÓ`\��a��HJGR�F�¡�;ÿJ\�G�LaÉ�H[ÿ��$���KLô�� ] �gÓ��;ÿ�HJG�L!L��gÓ�HJG���\c�$ÿ#�KL����`ÿ#L ] \@La�<ÿ ) \cÓ�� µ Ó`\c��Lº����DÉ�\�ÿ!���KL
É �`ÿa�a�<ÿaüc\��a��HJG�L'�KG��;ÿ#� ] �KLj��H ] �+I��KL���� Ó`\�LaÓ`\����KL�\�L�L�HºÓ_�'��KL�\c�	�ðÉ�ÿ�Hc��HJG�L+��KI��`ÿ F �KG���L��

� \�L��5É~��`ÿ���H[ÿ��J��������KL
��\ ] �g�<ÿ\L
��� ´ Hcü+L��`ÿ��9����KL$L��<ÿ ] �KL
Ó_�,ü ] �KLSIs��GFÓ��KL�Éc\�ÿ�ÿ�\�É�É H[ÿa��\c�<�WÓ_�,ü ] �KLæ��_É�\c�UL�L��KL
É �g�5�3É�ÿ�Hq���KG��$ÿ)��� ] %_\c� F I��KG��G\��a��HJG���� ] \¶É�ÿ�H	�F��Ó��a��HJG����KL)�� ] �gÓ��;ÿ�HJG�L'L��gÓ�HJG���\c�$ÿ#�KL���À)G%�L#��_� µ�] \"����La�G\�G�Ó������KL
É�ÿ�Hc��HJG+L��KG5L�H[ÿa�a���7����Ó_�,ü ] �!Is��G�Ó��"�SÙ�C7�KL@�;��� ] %�H[ÿ#�<ÿ#�$��� ] \����UL@�G\�G�Ó����UG��,�a�Ì\ ] �;� �:p �^ÙVC$]Q� ��µ �_�¶��G ) ��`ÿ����g�<ÿ#�
È\ ] \5����La�G\�G�Ó����.% ��gÓLÿJ\�GO� � G�\�I½�?'���� p � ÙVC i Í Ô t �	%&Ó Ô¿n Ó Ô��KL@� ] \ ) ÿº���'����KG�Ó������DÉ ] \�L#Im\5��� ] \ÇÓ_�,ü ] � p
Ó�� '����;��ISÉ ] �?'����
�+G���\c� F I��KG��G\��a��HJG5��� ] \sÉ�ÿ#H	���FÓ��a��HJG����KLð�� ] �gÓ��;ÿ�HJG�L ] �KG���L�É�\�ÿ�Ó�H ]Ì] ��La��HJG�L�����L@�G\�G����KL µ '����
�KL@�sÉ�ÿ�HcÉ H[ÿa�a��HJG�G�� ]i] �ôÈ\ón ÖØ× p - µ)] �KLSÉ�ÿ�Hc��HJG�L%L��îÓ�HJISÉ H[ÿa�G\�G��-Ó�HJI%I��è��G��æÓB+�\�ÿ F �W��G��?'º���D�L��LNM'È\^Mç�L��L����KL
Ó�H ]Ì] �ULa��HJG�L&����La�G\�G����KL��
¬ ­³4d­³° ±_±}¿ªË�´å±�³1¾»Ë$±h½fÃº¿ ¿ªË8¹ÆË$±h¿IË�±�>M¾º¶Æ¿ Ä²¶Æ¿ 6¶=8R¶F¼�Ë$´�½MÃµ¿ 6¶ºÀ�±h¿ @¹ 8;:&¹,:F¹�Ã»Ë_Ä²¶Æ¿ ¼F±�³�8h¶Æ¿
� �KL�����L@�;ÿ��JüF�5�a��HJG�L7�.% �� ] �gÓ��;ÿ�HJG�L�L��gÓ�HJG���\c�Ìÿ��KL�'�����G�H���Læ\g��HJG+L�I��KLa��ÿº����KL%�L�LÉ~��`ÿ���I��KG��G\ ] �KI��KG��%HJG��S��H��5���KL
��_����h\&-a��L@�º����KLSÈ\ ] %_\c�����"���"����L@�;ÿ��,üF�5�a��HJG+L,����ª ²« É�´�vA��Á(H���Lb\g��HJG+L�ÿ��_É H[ÿa�º��$L��<ÿ ] �KLº�:��� <�>�� Ô �ÌÊ �_��Ô � �¹¸ ] �KL
��\�ÿ��Ì\��a��HJG�L&�KG ) HJGFÓ��a��HJG���� ] % ��KG��`ÿ F ���"���KLjÉ�\�ÿ�\�IDÈ�_�;ÿ��KL j ����ª ²« É�´�vY���KL����UL@�;ÿ��,üF���a��HJG�L,�L�ºÉË��`ÿ��UI��KG��G\ ] �KL����KL
�� ] �gÓ��;ÿ�HJG�Lè��KIs��L�È\ ] %_\��.\�G���� � %_\c� F I��KG��G\��a��HJG@�F�ðÉ�\�ÿJ\�IðÈ�_�;ÿ�� j ���KL��F��L@�;ÿ��,ü��5�a��HJG�L'����ª ²«DÉ�´�vú\g���gÓ ] % ��KG��`ÿ F ���
��G�Ó_�U���KG���� µ �~��A-qÈ\;����LaÓ_�����������\�G�L ] � 2�46587:9R;�<=> `%��\�G�L ] �jÓ`\�L,���KLBÉ�ÿ�Hc��HJG�L3�UG�Ó_�����KG���L µ �KL@���� F \ ] �KI��KG��)Hcü+L��`ÿ��9����
É H��<ÿ ] �KL��� ] �gÓ��;ÿ�HJG�L���KI½��LBÉ�\�ÿ ] �KLBÉ�ÿ#Hc��HJG�L ) ÿ�\ F I��KG���L)���KLB��HJG�LAI�H ] ��gÓ_� ] \c�$ÿ��KL û �- �_� û �n �KG�L�H[ÿa�a���*��� ] \�Ó_�,ü ] �
��_É�\c��L�L�� µ HJG¦ÿ��KIm\�ÿA'����)Ó��_É �KG���\�G��1'º��� ] �KL ��\ ] �g�<ÿ\L(��� j L�HJG���É ] ��L É��_�a�J���KL��{À,G@L�H[ÿa�a���7��� ] \-Ó_�,ü ] �!Is��G�Ó�� µ] �KL½�.\ ] �g��ÿ#L%��� j É�ÿ�HºÓA+��KL�����?���`ÿ�HVÉ�H���ÿ ] �KL ) ÿJ\ F I��KG���L����KL½��HJG�L û �- �UG����?'º���KG�� 'º��� ] �KL�����La�;ÿ��,üF�5�a��HJG�L

O�B(C�ôìO



õ�öø÷�ù Û QRQ¯Û ÝAúÆûàTS à�ü­ã Þ ÝAú�Û UBV àIQTà�üçÝAúTý W Û Þ à�Û úTýBV�Û ãJà$Y W Þ ý�àGQ�Û ÝAú¢Q ù ÝASþûà�ü¢VXS W Û Þ àGQªÿ Z[ àlã$ÿ Z\

Einc [keV/u]
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bF(2H+) calculé avec 2 H+ indépendants

Ó 9 �$� <�> Ô �ÌÊ Ôl¥�çwá�ßjäïÙhè(áKâ0Ü�×@Û:Ö�æ�Ú¢æ`F¦K×@ÙhÚ¢×@Ûl§MÜ�×�©«ª¬c­;®Y¯ Ü=×XÛ1Ü�èmÛ¯ÙhÚXè(ãBäïÙRè(á�â�Û1Ü�×1ß�ÝTÞ×JF²èmÛTÛXè(á�â Þ×Bßà×¯ØBÙRÚ¢á�â�è ò ä�×�Û@×¯Ø¯áKâªÜ�æ�èñÚ¢×
æ�çwæ�â�ÙqÜ�×²Ø@è(ãBßà×@Û1Ü�×²Ø¯æKÚBã¯áKâª×²×Bâ�¤@á�â�ØBÙRè(á�âNÜ=×3ß�ÝTÞ×Bâ�×BÚRî�è(×xÖ�á�äïÚ�Ü�×@Û1é ê ×BÙÆé êë èñâªØ@è(Ü=×@âaÙ(ÛBó
�L�LÉË��`ÿ���I%�KG��G\ ] �KL�L��¦ÿJ\�É�É�ÿ�HLÓB+��KG�����������L@�;ÿ��,üF�5�a��HJG+L!���îª�«`_baca�«edf� / H��<ÿ ] �KL ) ÿJ\ F I��KG���L����KL½��HJG�L û �n �KG
L�H[ÿa�a���%���sÓ��_�@����I0c�KI%�-Ó_�,ü ] �-I½��G�Ó�� µ�] �SÉ�\�ÿJ\�IðÈ�_�;ÿ#� j ���KL"����La�;ÿ��,üF�5�a��HJG�L��L�LÉ~��`ÿ���I��KG��G\ ] �KLÇ�� F \ ] È\
?���`ÿ�H µ �KLa�
Ó`\�ÿ�\cÓ�����`ÿ���L@�a�?'º���$���7����L@�;ÿ��JüF�5�a��HJG�L,����ª�«`_baca�«edf�

Ò Éc\�ÿa�a�$ÿ����KL(����L@�;ÿ��,üF�5�a��HJG+L,���KLð�� ] �gÓ��;ÿ�HJG�Lð��KIs��L É�H���ÿ����KLjÉ�ÿ#Hc��HJG�L ��GFÓ_�����KG���L µ G�H���L É�H�����HJG�L�Ó`\ ] Ó_� ] �`ÿ
'º��� ]Ì] �KL*L��`ÿJ\c���KG�� ] �KL����UL@�;ÿ��,üF���a��HJG�L'���KL-�� ] �gÓ��;ÿ�HJG�Lð��KIs��LjÉc\�ÿ����g�	�
H��ð�;ÿ�H���LjÉ�ÿ�Hc��HJG�L���G+����_É��KG+��\�G���L*L�H[ÿa�G\�G��
L���I�� ] �G\�G���KI��KG��&�,% ��G��¶Ó_�,ü ] �����'�KL��F��L@�;ÿ��,ü��5�a��HJG�LZL�HJG��*Hcü����KGº���KLjÉc\�ÿ�Ó�HJG���H ] ���a��HJG����;���g�	��H��D�;ÿ�H���L*����La�;ÿ��gM
ü��5�a��HJG�L-�� ] ��KI��KG��G\c�$ÿ��KL������KG��a�?'º���KL�È\sÓ�� ]Ì] �"�F�DÉ�ÿ�Hc��HJG�L��g� ] ���(G��¶É�ÿº��KL��KG��G\��a��HJG��~��_�G\c� ]i] ����7���KLjÉ�ÿ�HcÉ�ÿ��'��_�º��KL����] \ ] H�������ª ²« É�´�v��_�,G�Hc�G\�I%I��KG��,���KL�Ó�HJG����,�a��HJG+LA��� Ó�HJG���H ] �5�a��HJG�����É ] ��La���g�<ÿ\Le���UL@�;ÿ��,üF���a��HJG�LfL�HJG��,��HJG�G~����KL
��\�G�L ] %ih
jkj >�l,> 7F� �F� Ê �BÁ�H��+L7G��-É�ÿL��KL��KG����`ÿ�HJG�L)�JÓ_�F'���� ] �KL�ÿ#� ] \��a��HJG�L��5�a� ] �KL�É�H���ÿ ] \æÓ�HJG���H ] �5�a��HJGT���KL
���g�	�
�F��L@�;ÿ��,ü��5�a��HJG�L,����ª ²« É�´�v µ�] � Ó`\ ] Ó_� ] É H��<ÿj�;ÿ�H���L*�F��L@�;ÿ��,ü��5�a��HJG�LS��_�G\�G��SLa��Is� ] \c�$ÿ��KL��

� \SÓ�HJG���H ] �5�a��HJG����"���g�	���F��L@�;ÿ��,ü��5�a��HJG�L)Hcü~��g��L�LG\�G���È\ ] \ ] H��B����ª ²« É�´�v6m ] n?�:~Kn j ~ p �_�&o ] n?� - n j - p \SÉ H��<ÿÿL��KL�� ] �G\��3��G��&����L@�;ÿ��,üF�5�a��HJG"Hcü~��g��L�LG\�G�� È\ ] \ ] H��>���jª ²« É�´�v
p ]�q �An j�rxt m ] q �:~�n j ~ rcs o ]�q � - n j - r L�� µ �_�AL��g� ] �KI��KG��L�� p
�:~ j ~ t � - j - q v��JØcØ r] �KLjÉ�\�ÿJ\�IðÈ�_�;ÿ��KL(��� ] \��F��L@�;ÿ��,ü��5�a��HJGmÿL��KL�� ] �G\�G����7L�HJG���\ ] H[ÿ#L pj t Ø

Ø % j ~ Æ Ø % j - q v��JØ ñ r
� t �:~ j ~j t � - j -j q v��JØ � r

�_� ] %�HJGð�9��`ÿ��ño�� ] \)É�ÿ#HcÉ�ÿ��'��_���� p
� j�t �:~ j ~ t � - j - q v��JØwv r
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õ�ö�à�ö ÷�ù Û QRQ¯Û ÝAúFûàTS à�ü­ã Þ ÝAú�Û UBV àIQTà�üçÝAúTý W Û Þ à W³á�W úÖã

Einc [keV/u]
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bF(3H+) calculé avec 3 H+ indépendants

Ó 9 ��� <�> Ô � �¹¸ Ô ¥�çKáKßjäïÙhè(áKâ¦Ü=×XÛEÖ�æ�Ú¢æ`F¦K×@ÙhÚ¢×@Û�§²Ü�×b©«ª¬�­G®Y¯ Ü=×XÛºÜKèmÛXÙRÚXè(ãBäïÙhè(áKâ�ÛµÜ�×µß�ÝTÞ×JF²èmÛTÛXè(á�â Þ×@ßþ×TØBÙhÚ¢áKâaè ò ä�×FÛB×¯Ø¯áKâ�Ü=æKèñÚ¢×
æKçKæKâaÙ:Ü=×1ØBè(ãBßà×XÛ1Ü=×ÎØTæ�ÚBã¯áKâ�×²×Bâ�¤@áKâªØ@Ùhè(áKâ0Ü�×�ß�ÝTÞ×Bâ�×BÚRî�è(×xÖ�áKäïÚ�Ü=×XÛ1é ê ×BÙxéÆê O èñâ�ØBè(Ü�×Bâ�ÙRÛBó
k G����`ÿ#L��KI��KG�� µ ��H������$����L@�;ÿ��,üF�5�a��HJG���� ª ²« É�´�vYp ] q �An j�r É��g���²c�_�;ÿ���Ó�HJG�La���~��`ÿL�����Ó�HJI�I��¶��L�La���;��� ] \�Ó�HJG���H ] �>M
�a��HJG
���;���g�	�
����L@�;ÿ��,üF�5�a��HJG+LZ���¶ª ²« É�´�v6m ]Wq �:~Kn j ~ r �_�,o ]Bq � - n j - r La� µ �_�*L��g� ] �KI��KG��*La� ] �g��ÿ#L~É�\�ÿJ\�IðÈ�_�;ÿ��KL=�:~ µ� - µ � µ�j ~ µ�j - µ �_� j Hcü~��g��L�L��KG���\c�	� <�>�"h5I;=9bt j ��u Ô � � l vSµeu Ô � ��` v �_� u Ô � ��Ô v �

� \$����La�;ÿ��,üF�5�a��HJG�ÿL��KLa� ] �G\�G��'��� ] \�Ó�HJG���H ] ���a��HJG����KL,���g�	������L@�;ÿ��,üF�5�a��HJG+L �� F \ ] �KL È\ ] \"����L@�;ÿ��,üF�5�a��HJG!�L�LÉ~��`ÿ��gM
I��KG5�G\ ] �'���KL��� ] �gÓ��;ÿ#HJG�L���KIs��L=É H��<ÿk���KL;É�ÿ�Hc��HJG�L=��G�Ó_�����KG���Le�KL@�3Ó`\�ÿJ\cÓ�����`ÿ���Lº���� Éc\�ÿkLG\���\ ] �g�<ÿfI�H � �KG+G��n� q ñ û � r
�_� ] �¶Éc\�ÿJ\�IDÈ�_�;ÿ�� j q ñ û � r 'º���BL�HJG�����HJG�G~��KLjÉc\�ÿ ] �KL=ÿ�� ] \��a��HJG�L*La���J�.\�G����KL p

� q ñ û � rqt ñ � q û � r q v��JØg� rj q ñ û � rxt j q û � r
ñ q v��JØ^Ç r

©SG�HcüF�a���KG������ ] \�INc�KI��7I¶\�G��­È�`ÿ�� É H��<ÿ ] \SÓ�HJG���H ] �5�a��HJG����¶�;ÿ�H���L�����L@�;ÿ��JüF�5�a��HJG�L p
� q � û � rqt � � q û � r q v��JØ�³ rj q � û � rxt j q û � r

� q v��JØg� r
� �KL)ÿL��KLa� ] �G\���L,��� Ó��KL�Ó`\ ] Ó_� ] L)L�HJG��'I�HJG��;ÿL��KL~É�\�ÿ ] �KL[Ó�H���ÿaü �KL q �KGs�a�Ìÿ��_��L r ��� ] �KLx�:��� <�>�� Ô �ÌÊ �_�~Ô � ��¸B� kA]

�KL@�jÓ ] \c�$ÿµ'º��� ] %_\ ]Ì] �<ÿ#�����
Ó��KL�Ó�H��<ÿaü �KL'La���,�n\�L�L���?
üF���KG ] % ��_��H ] �5�a��HJG
�KG ) HJG�Ó��a��HJG
��� ] % ��KG��`ÿ F ���S�F�-Éc\�ÿJ\�IDÈ�_�;ÿ��j ���KL!�F��L@�;ÿ��,ü��5�a��HJG�L"I%�KLa�<ÿL����KL!�KG4L�H[ÿa�a���
��� ] \WÓ_�,ü ] �¿��_Éc\c��L�L����_�����,#=È�`ÿ#�
��HJG�Ó½��Hc�G\ ] �KI��KG��%���KLdÿL��KL�� ] �G\���L
Hcü����KGº��L*�KG@L�H[ÿa�a���"��� ] \SÓ_�,ü ] �;Is��GFÓ����

� %_\�G�\ ],� L��7���KL(����L@�;ÿ��,üF�5�a��HJG+L'La�G\��a��L@�a�?'º���KL
I��_�(��HJGFÓ"�KGY��_�L�����KGFÓ�� 'º��� ] �KL É�ÿ�Hc��HJG�L��KG@L�H[ÿa�a���7����Ó_�,ü ] �
��_É�\c��L�L��è��G����`ÿJ\ F ��L�L��KG��¶\����gÓ ] �KLì�� ] �gÓ��;ÿ�HJG�L��F�4L�H ] �����æÓ�HJI�I������KLSÉ�ÿ�Hc��HJG�Ls��G+����_É��KG+��\�G���LK�9Á�H���L����_��HJG�L
Ó��_É �KG���\�G��,G�Hc���`ÿº'º��� ] % �� F \ ] �,����SL��<ÿ ] �KL���\ ] �g�<ÿ#L,I�H � �KG�G��KL'���KL,���UL@�;ÿ��,üF���a��HJG�LAG.%��KL@��É�\�L���H��5�¶È\ ) \c�,�[�9��`ÿ��ñoË����
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õ�öø÷�ù Û QRQ¯Û ÝAúÆûàTS à�ü­ã Þ ÝAú�Û UBV àIQTà�üçÝAúTý W Û Þ à�Û úTýBV�Û ãJà$Y W Þ ý�àGQ�Û ÝAú¢Q ù ÝASþûà�ü¢VXS W Û Þ àGQªÿ Z[ àlã$ÿ Z\
É�����L@'º��� ] �KL·ÿ��KG+���KI��KG���L)\g��\�G��,I��KLa��ÿº��KL)L�HJG��[É ] ��L ) \c�Jü ] �KL q �����-È\ ñ �$wx��\�G�L3��H��5� ] ����HJIm\c�UG����.% ��KG��`ÿ F ��� r
'º��� ] \$L�HJI�I��(���KLlÿ��KG����KI��KG���L'���KL[É�ÿ�Hc��HJG�L����'��ÿº��KLa� ] �G\��'�KL@�)�KG ) \g���g�<ÿ*���
G�Hc�;ÿ����UG����`ÿaÉ�ÿº��_�G\��a��HJG¡È\ É�\�ÿa�a�Ìÿ
�,% ��G���I%H	���?oFÓ`\��a��HJGR�F�¡�;ÿJ\�G�LaÉ�H[ÿ��7���KL¡�� ] �gÓ��;ÿ�HJG�L-��\�G+L ] ��L�H ] ������-@�+L@'��,%|È\ ] \@La�<ÿ ) \cÓ�� µ Ó`\�ÿSÓ��KL�É�ÿ�HLÓ��KL�La�+L\.# �gÓ����KG���É ] ��L ] �"G�HJI�ü�ÿ��"I�H � �KG��.% �� ] �gÓ��;ÿ�HJG+Lð��KIs��L�'���� ] \ ) H[ÿ#I%�$��� ] �g�<ÿ��F��L@�;ÿ��,ü��5�a��HJG�L@�G\��a��L@�a�?'º�����

� �KL
�;ÿgÈ�KL ) \c�,ü ] �KL���\ ] �g�<ÿ#LS���îÉ�\�ÿJ\�IðÈ�_�;ÿ#� j ���KL;����L@�;ÿ��JüF�5�a��HJG�L��KGYL�H[ÿa�a���-���SÓ_�,ü ] �-Is��GFÓ��!L�HJG�� Ó`\�ÿJ\cÓ��º���Mÿ���L@�a�?'º���KL;���+Ó�H ]Ì] ��La��HJG�L¶��G����J�º���F��� ]Ì] �KL É�ÿ�H.-��gÓ��a� ] ��M��� ] �gÓ��;ÿ�HJG È\æÉ �_�a�,��L �;ÿJ\�G�L ) �`ÿa��L!�.% ��KG��`ÿ F ���
ySÚ µ Ó�HJG��F����LG\�G��
È\ ] \ðÉ�ÿ#H	���FÓ��a��HJGY�.% ��GôÉ �_�a�,�7G�HJI�ü�ÿ����.% �� ] �gÓ��;ÿ�HJG+L!L��gÓ�HJG���\c�$ÿ��KL�É�\�ÿ�Ó�H ]i] ��La��HJG µ Óå%��KLa�ðÈ\��F�$ÿ��%���KL�Ó�H ]Ì] ��L���HJG�L
�F��L@�G\�G����KL���©SG
Hcü��a���KG�����HJGFÓX\g���gÓ ] �KL*����L@�;ÿ��JüF�5�a��HJG�L'L@�G\��a��La�a�?'����KL*���KL-�� ] �gÓ��;ÿ�HJG�L��KG�L�H[ÿa�a���"��� Ó_�,ü ] �;Is�UG�Ó�� µ
�+G��ZIs��L��f�KGÇ��_�L�����KGFÓ��A�L�ºÉË��`ÿ��UI��KG��G\ ] �)���KL��L# �_��L6Ó�H ]i] �gÓ��a� ) L���\�G�L ] �KL6Ó�H ]Ì] ��La��HJG�L ����L@�G\�G����KL µ �xc��L[È\ ] \ËÉ�ÿ�HS�L��I½�,����
���KLjÉ�ÿ�Hc��HJG�L��_��'��F�yÉ�ÿ�H>������L��KG��&���KLD�� ] �gÓ��;ÿ�HJG+L�L��gÓ�HJG���\c�$ÿ��KL ] �KG���L��
â ��z {îä ���M� £ �F��ä �
Á(H���Lb\���HJG�L�Ó�HJISÉ�\�ÿL�� ] % ��KI½��L�La��HJGö�� ] �gÓ��;ÿ�HJG��?'º��� ��G��F���,���
É�\�ÿ����KL ��HJG�L*I�H ] ��gÓ_� ] \c�$ÿ��KL û �- �_� û �n �;ÿJ\g���`ÿ#LJ\�G�����KL~Ó_�Jü ] �KL'Is��G�Ó��KL&���
Ó`\�ÿaü HJG��;���S���,# ��`ÿ#�KG����KL+��_É�\c�UL�L��g�<ÿ#L q ��� ñ�ÂcÂ È\DØ^Ç ÂcÂ3eÒ r È\ ] % ��KI½��L�La��HJG+��G��F���,����É�\�ÿ*���KL
É�ÿ�Hc��HJG�L����"I0c�KI%���L�,���KL�L����

Á�H���LX\���HJG�L"HcüWL��`ÿa�9���'º��� ] % ��KIs��L#La��HJGW���`ÿ#L ] %_\�ÿJÿ��­È�`ÿ��S��G����F�,����É�\�ÿ;���KL¶��HJG�L û �- �_� û �n �KL@�¶É ] ��L�É��_�a�J���'º��� ] \$L�HJI�I��
���KLs��KIs�UL�La��HJG�L���G����F�,���KL3É�\�ÿ&���KL~É�ÿ�Hc��HJG�L~��G��~��_É �KG���\�G���L,���(I0c�KI��
�L�,���KL�L�� q ñ É�ÿ�Hc��HJG�L,H�� �
É�ÿ�Hc��HJG�L r ���'�_����gÓ`\�ÿa�BÉ��g���eLK% ��G����`ÿaÉ�ÿL��_���`ÿ È\�É�\�ÿa�a�Ìÿe���KLk�L# �_��Lk��� ] \�ÓB+�\�ÿ F �Ë�UG�Ó_�����KG����,����É�ÿ�H.-��gÓ��a� ] � p �,%_\�ü�H[ÿ\�
�L# �_�
�.% ��gÓLÿJ\�G��G\ F �6��� ] \¡ÓA+�\�ÿ F �Y���KL½É�ÿ�Hc��HJG�L���\�G�L ] %_\ F ÿº�� F \��Y|~}W���J�K� µ É�����LsÓ�HJG��;ÿ��,üF���a��HJGO��� ] % ��KIs��L�La��HJG
L��gÓ�HJG���\c�$ÿ��¶É�ÿ�HcÉ�ÿ��X\c�	�ó�� ] �gÓ��;ÿ�HJG�L��_��\c�	�ðÉ�ÿ�Hc��HJG+L���G�Ó_�����KG���Ln\�É�ÿgÈ�KL
����L�L�HºÓ`\��a��HJG��F�DÉ�ÿ�H.-��gÓ��a� ] ���

� \�ÿº��K����Ó��a��HJG!��� ] % ��KI½��L�La��HJGô�� ] �gÓ��;ÿ�HJG��('����¾\g��\�G��3��G+�����,���3É�\�ÿ ] �KL;É�ÿ�Hc��HJG�L¶��KI��`ÿ F �^\�G��Z���KL=Ó_�,ü ] �KLe����_É��KG+�
��� ] % ��_É�\c��L�L��g��ÿ)���KL9Ó_�,ü ] �KL µ Ó`\�ÿ)� ]Ì] �*�KL@� ) HJG�Ó��a��HJG%��� ] \;����L@�G\�G�Ó����KG��;ÿ�� É�ÿ�Hc��HJG�LA�KG�L�H[ÿa�a��������Ó_�,ü ] ��� / H��<ÿ)���KL
É�ÿ�Hc��HJG�L��;ÿ_È�KL
É�ÿ�HLÓB+��KL µ Ó���'����`�KL@� ] ��Ó`\�LS��� ] % ��KIs��L�L���HJG�\�ÿGÿ��­È�`ÿ��7�_�S��� ] % ��KIs��L�La��HJG¦\�ÿGÿ��­È�`ÿ��7�_�S��� ] % ��KIs��L�La��HJG\��.\�G������ðÓ_�,ü ] �KL��;ÿ_È�KL%Is��G�Ó��KL µ�] \¦ÿL��K�F��Ó��a��HJG�Hcü+L��`ÿ��9�������� ÿ��KG+���KI��KG��N�� ] �gÓ��;ÿ�HJG��?'º���
�KL@�s��G����`ÿaÉ�ÿL��_�º����èÉc\�ÿ
�+G��
I%H	���?oFÓ`\��a��HJG����+�;ÿJ\�G�L@É H[ÿa�&���KL½�� ] �gÓ��;ÿ�HJG�L ] �KG���LËÉ�ÿ�H	�F���,��L9Éc\�ÿ ] �KL'�L#��_��L�Ó�H ]i] �gÓ��a� ) L'��\�G�L ] �KLjÓ�H ]Ì] ��L���HJG�L
�F��L@�G\�G����KL��

Á�H���Ln\���HJG�LjÉF������Ko+G��$ÿË��GDÓLÿ��,�_È�`ÿ��;�.% �UG�����_É �KG���\�G�Ó��
���KL~É�ÿ�Hc��HJG�LËÓ�HJG�L@�a�J�a��\�G���L*���KL~��HJG�L û �- �_� û �n �KGL�H[ÿa�a���;���
Ó_�,ü ] �
��G��?'º���KI��KG��[üc\�L���"La�<ÿ ] %_\�G�\ ],� L��S���KL*����La�;ÿ��,üF�5�a��HJG�LZ�.% �� ] �gÓ��;ÿ�HJG+L�L��gÓ�HJG���\c�Ìÿ��KL���Ï	\��.\ ] �U���,����X\
É��uc�_�;ÿ������KLa������èÈ\SÉc\�ÿa�a�$ÿ����KL(I��KLa�<ÿ#�KL���� ] % ��KIs�UL�La��HJGð���`ÿ\L ] %_\��.\�G��
����Ó_�,ü ] �KL*���$���,# ��`ÿ��KG����KLè��_É�\c��L#L��g�<ÿ#L����&�ÿL��KL�� ] �G\����KL@� F ��KG~��`ÿ�\ ] ��LG\�ü ] ��\c�æÓ`\�L��,% ��Ge\ F ÿº�� F \��;���fgÍ\���HJI��KL������KG��a�?'����KL��
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� �������J�������������J�

� Ø�� È��$È���a d(¼D1�'�a^1�d µ+�`�g�S�Z� _?1+�DÉ¹1�' µÄ��f�W���B  Î�¡�¡ Å�=>¢D£�¤�½8=�¢	��¥ Î ��¦ Î =�¥mÅU=�§ ½> � ¨� ÐcÑ�©ª�����S�S� _ 1+� ÉV1�'9«,�B� µ / �`ÿ F \�I�HJG / ÿ��KL�L µ¬ ��­*M¯®ZH[ÿ�° µ�J H ] �+± q ØK²J³�³ r �
��ñ ��´ �Bµ
¶ 0(¼`_~d µ¹a
��µ 'Ý0�d(1�É¹ÉV1 µ>·f� ¸ 1�ÉVÉ ¶�¹ åÕ1+� ' ¶·µ	�`�B¸ 1�º ¶ 0yÕ µ í � ò 1 µ 1>» 1+¼ µ�½$�U·k�B¾k¶ ' ¹

_ É�_ba µ¿-À �#ÁG�>¦N=�¥K [Â���§5�^ ¯�,�+Ã µ`ÄWÄ�Å qNÆ ²�²[Ç r v�³��
� ±c� a
�kµ _?ÉVÉ¹1�Ç ¶ 0(¼ µ

È +BÉ�KL��!���"��H>Ê È H[ÿJ\ È µ Ë dB_UÌ 1�'�a�_bÍ;Î15Ï+»kÐed4Ñ µ qNÆ ²�²�Ò r �
� v8� a
��µ _ É¹ÉV1�Ç ¶ 0(¼ µ^¸
�W¸;¶ 0 Ì 1�' �ed(1 µ^ÓÔ���W¶ É¹É ¶ Ì`_ 1�' µ�Õ�� ´%_ '�aÖ¼�× µ����Ø¹�Ù!��¾ Ð`_bÚ ¶ Í µJ����Õ 1�Û(_ É ¹ÉJ_?1�0BÜ µcÈ��fÕ Ð`Í × ¶ '�¼ µ+���g¾$�fÝ ×eÐ`Û ¶ a µ¿-À �#ÁG�>¦N=�¥K [Â���§5�^ ¯�,�+Ã µ`ÄWÄ�l qNÆ ²�²[Ç r ³8²	�
� Òc��Þ �AÙ 0(1 µ Þ �àß�� ¼ 1 Ù(¶ aKÍ»' Ð ¹#�W¶ ' _ ¶·µWÓÔ�����Zá!¶ _?ÉVÉ ¶ '�¼ µ+���UÙ!�f¾ Ð`_bÚ ¶ Í µW�`�kÕ 1�Û(_ É¹ÉJ_ 1�0BÜ µâ �Jã�¥���äk�^ � X�Wå µ Å8l qNÆ ²J³8² r Æ�æ v��
� Çc��Þ �AÙ 0(1 µ Þ �àß�� ¼ 1 Ù(¶ aKÍ»' Ð ¹#�W¶ ' _ ¶·µWÓÔ�����Zá!¶ _?ÉVÉ ¶ '�¼ µ+���UÙ!�f¾ Ð`_bÚ ¶ Í µW�`�kÕ 1�Û(_ É¹ÉJ_ 1�0BÜ µâ �Jã�¥���¤
�^ç���äk�^ � X� µ�è�é qNÆ ²�ê æ r Ç Æ ±	�
� ³Ö� ÓÔ�����Zá!¶ _?ÉVÉ ¶ '�¼ µ+���UÙ!�f¾ Ð�_[Ú ¶ Í µ�a��AÕ$¶ Í ë`Ð�ì�aÖë`_ µ��`�kÕ 1�Û(_ É¹ÉJ_ 1�0BÜ µ+ÓÔ� a 0`Ú ¶ a µâ �Jã�¥���¤
�^ç���å µ`Ä�í qNÆ ²J³�³ rNî ± î ±	�
� êc� ¸
�·È7¶ aÖaS1�É�ë ¶ Û
º µ	a
�Z· ¼�× ¶ 'BÛ ¶ d�d µâ �Jã�¥��+�   ½> X�W��ï^Á��fði½cñ µ�Å	Ê qNÆ ²�ê�± róò Æ ²J³��
� ²c� ����ÈYôÐDÉ	Ú[É µ ´ �k��¶ ¼ ÐeÇ+_ µ

� À ÂA�¢�����JÅG� µ�Ä�è qNÆ ²[Ç�² r ±�Ò Æ �
� Æ�æ � á
� Ï ¶ ë`_bÍBa µW�S��a 0�Û ¶ » ' µcÈ��`õ _bd�Í»1�' µ

ö(À Â�ï ¡ �Jã�¥��>äf�^ � X� µeÄ ¸ qNÆ ²�ê�² r ÇJ³8²	�
� Æ�Æ ��Ï � Þ � Ï ¶ ' �D1 µ+õ��U·k��õ ×B_~Í»É�Ðk¼�ë µâ Â�ïª��� â ��ã�¥��W��ïI��� µ Å	Ê qNÆ ²[Ç îJr Æ v�ê	�
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÷cø ùXS ø ú�û#ü W Y�ýNø þ�ÿ��8ý W YNø �büVþ��
� Æ î � È��+Õ ÐeÍ × ¶ '�¼ µ ´ � ´m' Ð`dD1�Çc1�'�� 1�' µc½7��ß 1��L1 µ[a�� Ù É�Ð 0 Ì ¶ a µJ��� ´¶1�Û
Û�É¹1�' µ^¾7� ´-Ðeac¼�× ¶ ' µ

Þ � ´m1�É¹ÉV1�' µ^·k� Ï 1+d`¼W_~d ¶ a µK¾$� Ï)Ð '�1�d`Ú[1+d µ��
�	È 1�_ É µc¸
�<È Ð
		Û ¶ d�d µ ´ ���
��á ' ÐD1�dD1>Ì 1�É¹¼ µ
â ��ã�¥���¤S�^ça��Ã µ+èeÄ qNÆ ²�² æ r ±�²�Ò�²	�

� Æ ±c� È���Õ Ð`Í × ¶ '�¼ µ
¸
��¸"¶ 0 Ì 1�' �`dD1 µ;ÓÔ���+¶ ÉVÉ ¶ Ì`_?1�' µ ´ ������á ' Ð 1�d(1>Ì 1�ÉV¼ µSÕ�� ´�_ '�ac¼�× µ�`�UÙ!�e¾ Ð�_[Ú ¶ Í µW���fÕ 1+Û�_?ÉVÉJ_?1�0BÜ µW�`�g¾$�kÝ ×`ÐeÛ ¶ a µ
¤�½�
�� ö�� ��½8=�
��"���¯���Ö ¯¥�ÅU=���ï^ÁÌÅ�
�¥ µ Ä���í qNÆ ²�²�± r ±J³8±	�

� Æ�� � µ-�Z· Ì 1+d`aÖacÐ`d µWá
�·È Ð É�Û�1�d µâ ��ã�¥���¤S�^ç���Ã µ��Wé qNÆ ²�ê îJr ± æ Ò[Ç	�
� Æ Òc� Ó ß _b¼ ¶ dD1�ë µ Ñ � a ÇÝ' _ É µ Þ ��Õ�� a ' _[aKÍ ¶·µ�a
�Aá ' ¶ a ¹#ÓD¶ '>ÍfÎ_ µâ ��ã�¥���¤S�^ç���å µ+è�í qNÆ ²�² îJr ÒJ³ � Ò	�
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1T¼�16Í / ¶ Ì ¶ _?É32 G�H54+L76�8�HJG+L:9� È 4+��;<9�>=@?A9�KI�;�L�LB;�HJGC9��=��KÊ È ÿ�HJG�;�D�4��!L��KÊ�HJG���6E;Ìÿ��7���!ÊF;HG3=��KL
L�H5=�;����KL�II;�G+Ê��KLRÉ6J=K?L;�INM36�Ê È ���OM�ÿ�H�P��KÊ È ;�=��KL��Q?LR�S	��ÿ�H F É�KG��RI�HJG�H56 È HJI�;�D�4��KLFT7=��KLUM�ÿ�H È HJG�L�� È=��KLV6 È HJI��KLXWZY�TA� È M H5=HS56 È HJII;�D[4��KLFT\=��KLV;�HJG+L!I%H5=<9�KÊF4�=�6E;$ÿ��KLNW^]_ � È W`]a TA�KGb=�;�6E;�L�HJGc6�8��KÊd=��KLM�ÿ�H>Ê��KL�LB4+L7�Q?L;UG È �`ÿe6�Ê È ;�HJGD�36�G�Lf=��KL7L�H5=�;����KL!����Ê��KLVM�ÿ�H�PN�KÊ È ;�=��KL��
g
6@Le;�INM3=�;UÊF; È 9�����
Ê��KL>M�ÿ�H�P��KÊ È ;�=��KL�É6hM � È ; È

G�HJIfG�ÿ��6���6Ê�HJG+L È ; È 4�6�G È LFTiM�ÿ�H È HJG+L�� È 9��=��KÊ È ÿ�HJG�L�T��KGCj�6E; È ���KL�ÊF6�G���;U��6 È LUM�ÿe;�8[;�=�9� F ;�9�KLkM H54<ÿ����KLl9� È 4����KLM�ÿ�9�KÊF;�L��KL����h=K?A9�KII;�L�LB;�HJG$9��=��KÊ È ÿ�HJG�;�D�4���L��KÊ�HJG���6E;Ìÿ��:D[4Q?L;�=�LI;UG���4�;�L��KG È �KG9LB4<ÿBj�6�Ê������KL�L�H5=�;����KL�� È ��HJG+Ê����KLM�ÿ�H>Ê��KL�LB4+Lmj~HJG��36�I��KG È 6E4on����p=���4<ÿ#Li;�G È �`ÿe6�Ê È ;�HJG+L���6�G�Lq=��KL*L�H5=�;����KLK�r 6�G�L�Ê���II6�G[4�L�ÊLÿe; È G�H54�LV6�8�HJG�L È H54 È �Q?L6sG H[ÿ#� ÿe6sM�M ��=�9�k=��KL-G�H È ;�HJG�L>jbHJG���6�I��KG È 6E=��KLhÿ�9� F ;�L#LB6�G È =�6:M �`ÿ È �
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Ê���¨-Ê�¦5=�=�;�¨e;H¦5ª�¨�M��e¦	Ê<Ro��¨>� È D[4�;�¨B¦5ª È M���9�Fj�9�F�B��ª È ;���=�=H��©N��ª È M3�B¦[�34�; È ¨p8E�F�<¨>=@?L6�8s6Eª È ¦5ª È43ªo��Ê�¦5ª È �e;HG�4 È ;H¦5ª!�B��=�6 È ;H8E�OÉ6b=K?t9��©I;�¨e¨B;H¦5ª!6�8s6Eª È M�=�4�¨X§E�e6Eª��o�OD[4o�{�36Eª�¨k=H�YÊF6E¨U�o��¨kM��B¦ È ¦5ª�¨k;�ª+ÊF;��o��ª È ¨F�³ 8E�KÊI=H��¨v6 È ¦5©N��¨vW Y �B�KÊ�¦5ª�¨ È ; È 4~9��¨FT`Ês?���¨ È É6U��;H�B�VM��B¦���4�; È ¨ZM�6s�"ÊF6sM È 4o�B�I�Q?L43ª¿9��=H�KÊ È �B¦5ª��34O¨y¦5=�;��o�VM36s�p43ªM3�B¦ È ¦5ªdM��KÉ��¨`�o�>=�6I¨B4o�ej�6�Ê��>�o�v¨y¦E� È ;��f�o��¨(ÊF;HG3=H��¨FT�ªo¦5¨q��9��¨B43= È 6 È ¨Z�0?A9��©�;�¨B¨B;H¦5ªl9��=H�KÊ È �B¦5ª�;�D[4o�>6�8s6Eª È ©N¦5ª È �B��ª È=���¨^����� È ¨f�o��¨^M��B¦>Ê���¨B¨B4�¨����-ÊF6sM È 4o�B�I�o��¨{9��=H�KÊ È �e¦5ª�¨p�o�%ÊFÀp4��^����¨p6 È ¦5©N��¨v���-ÊF6s�eG�¦5ª��E�0g0��¨"ÊF6sM È 4��B��¨�ÁcTD[4�;Q¨y¦5ª È =H�vM��B¦>Ê���¨B¨B4�¨i�o�7ÊF6sM È 4o�B�p�o¦5©�;�ª�6Eª È M�¦54��q�o��¨qM��e¦ È ¦5ª�¨q�Q?t9��ªo�F�B§5;��v¨B4oMm9�F�e;���4o�B��É6�Ò æ�æ °E�F�fT�¨y¦5ª È É6=@?�¦E�e;H§5;�ªo�\�Q?L43ªo��M��B¦���4�Ê È ;H¦5ª�¨B4�M�M3=�9��©N��ª È 6E;H�B�\�Q?t9��=H�KÊ È �B¦5ª3¨
¨y�KÊ�¦5ª3��6E;H�B��¨0�34o��É6q=�6i�z9�KÊ��B¦5;�¨e¨B6Eª�Ê���M�6s� È �e6Eª�¨B; È ;H¦5ª­ . ��1 / �o��¨7=�6�ÊF4�ªo��¨7Á�Ê���9��9�F��¨�¨B4��Z=H��¨q6 È ¦5©I��¨`���$ÊF6s�BG�¦5ªo�E��g���¨q�B��ª3�o��©N��ª È ¨U9��=H�KÊ È �B¦5ª3;�D�4���¨76�8s6Eª È �Q?L43ªo�
ÊF;�G3=H� È �KÉ��¨V©I;�ª+Ê��ET
�Q?���ª�8[;��B¦5ª Æ Ò æ 6Eªo§5¨ È ���¦5©I¨FT�©N¦5ª È �e��ª È D�4���M�¦54o�f����¨°9��ªo�F�e§5;H��¨f¨e4oMz9�F�e;H��4o�e��¨
É6 Æ �:�F�fT=���¨º9��=H�KÊ È �B¦5ª�¨UM��F�e�34�¨wM36s�d=H��¨U6 È ¦5©N��¨h;�ª�ÊF;��o��ª È ¨�Ê�¦5ª È �e;HG34o��ª È ��4�nC6E4�¨B¨B;�É6J=�6cM��e¦[��4+Ê È ;H¦5ªl�Q?A9��=H�KÊ È �B¦5ª�¨

 :�
��Âu 



¨y�KÊ�¦5ª��36E;H�B��¨F�qg���¨:��;�¨ È �e;HG34 È ;�¦5ª�¨X¨ È 6 È ;�¨ È ;�D[4o��¨d�o��¨!9��=��KÊ È �B¦5ª�¨C9��©�;�¨dªo¦54�¨d¦5ª È M��F�e©�;�¨U�o�°�z9� È �F�e©I;�ªo�F�h=�6M��B¦EG�6sG3;�=�; È 9�w�o� È �<6Eª�¨B©I;�¨e¨B;H¦5ªc�o��¨°9��=��KÊ È �B¦5ª�¨I�o�wM��B¦�Py�KÊ È ;�=H��¨�É6 È �e6�8E�F�e¨I=�6�ÊF;HG3=H�X� È =H�Uªo¦5©vG3�B�w©I¦�SE��ªJ�o�=H��4o�<¨�9��=��KÊ È �B¦5ª�¨7���$ÊF6E¨�ÊF6E�o�vD[4�;0¨B¦5ª È 9��©I;�¨F�g���¨p�B��ª�����©N��ª È ¨x9��=H�KÊ È �B¦5ª�;�D[4o��¨f;�ª���4�; È ¨ZM�6s�f=H��¨f;H¦5ª�¨p©N¦5=�9�KÊF43=�6E;H�B��¨pW ]_ � È W ]a T È �e6E��43;�¨y��ª È =H��¨������ È ¨Ê�¦5=�=H�KÊ È ;�j�¨z��6Eª�¨~=H��¨~;�ª È �F�e6�Ê È ;�¦5ª�¨~���
Ê���¨~M��B¦�Py�KÊ È ;�=H��¨FT�¦54k�o�Z=H��4��e¨)Ê�¦5ª�¨ È ; È 4�6Eª È ¨~¨[9�FM36s��9��¨76sM���É��¨m��;�¨B¨y¦>ÊF;�6 È ;H¦5ª0T6�8E�KÊ7=H��¨f9��=H�KÊ È �B¦5ª�¨���4V¨y¦5=�;��o�E�5¥z��¨������ È ¨ZÊ�¦5=�=H�KÊ È ;�j�¨FTsj�¦5ª�Ê È ;H¦5ªN�o��¨\�3;�¨ È 6Eª�Ê���¨���ª È �B�q=H��¨AÊ�¦5ª�¨ È ; È 4�6Eª È ¨\�o��¨\;H¦5ª�¨©N¦5=�9�KÊF4�=�6E;H�B��¨FT5;�ª È �F�B8�;H��ª�ªo��ª È ��6Eª�¨�=�6^M��B¦���4�Ê È ;H¦5ªV�o��¨V9��=H�KÊ È �B¦5ª�¨~¨y�KÊ�¦5ª���6E;H�e��¨\� È 6E4�¨e¨B;o��6Eª�¨�=���4o� È �e6Eª�¨yM�¦E� È��6Eª�¨�=��V¨B¦5=�;��o�7Py43¨BD�40?~É6X=�6U¨e4o�Bj�6�Ê��V���V¨B¦E� È ;H�E�0g0��¨^����� È ¨v©I¦5=<9�KÊF4�=�6E;H�B��¨;Ê�¦E�e�B��¨yM�¦5ª��o��ª È É6w����¨^�B��ª��o��©N��ª È ¨9��=H�KÊ È �B¦5ª�;�D�4o��¨vM3=�4�¨^j�6E;HG3=���¨�D�4o�X=�6d¨y¦5©I©I���o��¨��B��ª3�o��©N��ª È ¨{9��=H�KÊ È �B¦5ª�;�D�4o��¨f;�ª���43; È ¨`M36s�f=H��¨$Ê�¦5ª�¨ È ; È 4�6Eª È ¨;�ª��z9�FM���ª��36Eª È ¨F� � ¦54o��=K?t9��©I;�¨e¨B;H¦5ªN6s�B�e;¯É�F�e�&Ê�� È�È �7�[9����4�Ê È ;H¦5ªI���m=@?A9��©�;�¨B¨B;H¦5ª�9��=H�KÊ È �e¦5ª�;�D[4o�m��¨ È ��4o�"É6�=K?A9�KÊ��e6Eª È 6s§E��o��¨AÊ<R�6s�B§E��¨�����¨�M��B¦ È ¦5ª�¨�M36s��=���¨v9��=��KÊ È �B¦5ª�¨�=�;<9��¨\6�8s6Eª È �3;�¨B¨y¦>ÊF;�6 È ;H¦5ª>�o��¨\;H¦5ª�¨\©I¦5=<9�KÊF4�=�6E;H�B��¨�� È É6�=@?L;�ª�R�;HG�; È ;H¦5ª��4 È �e6Eª�¨yM�¦E� È �o��¨p9��=��KÊ È �B¦5ª�¨\=H��ª È ¨&É6
ÊF6E4�¨y�m�o�m=�6�Ê<R�6s�B§E�i�Q?���¨yM�6�Ê��z=H¦>ÊF6E=H�'Ê��[9��9�F�7M36s�}=���¨�M��e¦ È ¦5ª�¨ È ��É��¨�M��B¦>ÊeRo��¨6sM��KÉ��¨Z��;�¨B¨y¦>ÊF;�6 È ;H¦5ª0�g
6^8�6s�e;�6 È ;H¦5ªI6�8E�KÊZ=K?A9�FM36E;�¨B¨B��4o���o��¨ZÊF;HG�=H��¨\�o��¨\����� È ¨�©N¦5=�9�KÊF43=�6E;H�B��¨��36Eª�¨\=K?A9��©I;�¨B¨e;H¦5ª�9��=H�KÊ È �B¦5ª�;�D[4o�q6�8�6Eª È TD[4�;���¨ È ;�ª���4�; È �vM36s��=H��¨`M��B¦ È ¦5ª�¨`j��e6s§5©N��ª È ¨��o�>=�6X��;�¨B¨y¦>ÊF;�6 È ;H¦5ª{�o��¨^;H¦5ª�¨FT�©N� È ��ªÃ9�F8�;��o��ª+Ê��V=��f��|¦5=��>�o�N=�6��;�¨ È 6Eª�Ê����o�`¨[9�FM�6s�e6 È ;H¦5ªd�o��¨mM3�B¦ È ¦5ª�¨"É6N=K?A9��©N�F�B§E��ª�Ê��p����¨*ÊF;HG3=H��¨F� � ¦54o�i4�ªo�;ÊF;HG3=�� È �KÉ��¨q©I;�ª�Ê��ETo=�6v��9���34�Ê È ;H¦5ª�o�>=K?A9��©I;�¨B¨B;�¦5ª!9��=H�KÊ È �B¦5ª�;�D�4o�f��¨ È ;�ª È �F�eM��[9� È 9�F�-Ê�¦5©�©N�>43ªo�v©N¦���;H�+ÊF6 È ;�¦5ªd��4 È �<6Eª�¨yM�¦E� È ����¨U9��=H�KÊ È �B¦5ª3¨Z=H��ª È ¨6Eª�6E=H¦E§54���É6�Ê���=�=��IM��B¦EM�¦5¨[9�F�IM�¦54o�v=@?A9��©�;�¨B¨B;H¦5ª�6s�B�e;¯É�F�B��ÊF6s�>=H��¨v�3;�¨ È 6Eª�Ê���¨���ª È �B�XM��B¦ È ¦5ª�¨f��6Eª�¨"Ê��w�o¦5©I6E;�ªo��o�f8[; È ��¨e¨y�>¨B¦5ª È M���4:��;��79�F�B��ª È ��¨��o��¨Z�3;�¨ È 6Eª�Ê���¨`;�ª�; È ;�6E=H��¨F��Ä^4�6Eª3�h=K?t9�FM36E;�¨B¨y��4o�`�o�!ÊF;�G3=H� È �e6�8E�F�e¨[9�F�I��¨ È
È ��=�=H�D[4o�f=H��¨7M��B¦ È ¦5ª�¨Z¨y�f¨B¦5ª È ��;�¨yM��F�e¨[9��¨7��6Eª�¨7=��v¨y¦5=�;����v¨y¦54�¨Z=K?������ È �o�v=�6I��9�FM34�=�¨B;H¦5ª�Ê�¦54�=�¦5©vG3;���ª�ªo��� È ¨B4o� È ¦54 È�o��¨`��;��Q4�¨B;H¦5ª3¨i©f4�= È ;HM3=H��¨q¨e4o�Z=H��¨`6 È ¦5©N��¨SÊF;HG3=���¨FT3=�6��[9����4�Ê È ;H¦5ª{��4d�e��ª��o��©N��ª È 9��=H�KÊ È �e¦5ª�;�D[4o�v��¨ È M3=�43¨q¨B4o�y¬M��B��ª36Eª È �;ÊF6s�q=H��¨i��;�¨ È �<;HG34 È ;H¦5ª3¨�¨ È 6 È ;�¨ È ;�D�4o��¨m�o��¨X9��=H�KÊ È �e¦5ª�¨k9��©I;�¨m©N¦5ª È �B��ª È D�4��^=���¨�9��=��KÊ È �B¦5ª�¨q¨y�KÊ�¦5ª3��6E;H�B��¨¨y¦5ª È M��B¦���4�; È ¨�M36s�q�o��¨zM��B¦ È ¦5ª3¨i;�ª��z9�FM���ª���6Eª È ¨F��g�6>�[9����4�Ê È ;H¦5ªU�34wª�¦5©vG��e�^©I¦�SE��ªd�Q?t9��=H�KÊ È �e¦5ª�¨X9�tP«�KÊ È 9��¨`�o��¨
ÊF;HG3=���¨7ªo�>M���4 È M��e¦�8E��ª�;H�^D[4o�f�o��¨:9� È 6sM���¨^4�= È 9�F�e;H��4o�e��¨-É6w=�6XM��B¦���4�Ê È ;H¦5ªQT�Ês?���¨ È É6w��;H�e�f=H��4o� È �e6Eª�¨yM�¦E� È ��6Eª�¨=H�p¨y¦5=�;��o�^� È =H��4o�ij��e6Eª�Ê<R�;�¨B¨B��©N��ª È ���p=�6VG36s�B�e;¯É�F�e�p�o�pM�¦ È ��ª È ;���=Q�o�v=�6N¨B4��Bj�6�Ê��E�

«~ª�Ê�¦5ª�ÊF=�4�¨e;H¦5ªRÉ6�Ê���¨U9� È 4�����¨q��n�Mz9�F�e;�©N��ª È 6E=H��¨FT3ª�¦54�¨mM�¦54o8E¦5ª�¨q��;��B��D�4o�p=@?A9� È 43�o�v�o�p=�6N©>4�= È ;�M3=�;�ÊF; È 9�^�o��¨9��=H�KÊ È �B¦5ª�¨�9��©I;�¨vM36s�>=H��¨>¨B4o�Bj�6�Ê���¨f����¨f¨y¦5=�;��o��¨�É6h=K?L;�©NM�6�Ê È �Q?L6 È ¦5©N��¨>¦54c�Q?L;H¦5ª�¨vM�¦5=HS56 È ¦5©I;�D[4o��¨$Ê�¦5ª3¨ È ; È 4o�4�ªo�q©c9� È R�¦[�o�Z��n[Mm9�F�<;�©N��ª È 6E=H�qM��F�Bj�¦E�e©I6Eª È �qM�¦54o��=K?A9� È 4��o�7����¨�M��B¦>Ê���¨B¨B43¨\�o�7�z9�FM}|¦ È �Q?A9��ªo�F�B§5;H�q��9��¨e4�= È 6Eª È �o��¨;�ª È �F�e6�Ê È ;H¦5ª�¨7�o�;Ê���¨iM��B¦�Py�KÊ È ;�=H��¨i6�8E�KÊv=H��¨i¨y¦5=�;��o��¨F� ³ 8E�KÊp=H��¨i6 È ¦5©N��¨Z�Q?LRÅS��o�B¦E§�É��ªo��� È =H��¨i;H¦5ª�¨i©N¦5=�9�KÊF43=�6E;H�B��¨W^]_ � È W^]a T�D�4�;�¦5ª È �z9�tPcÉ6pj�6E; È =@?�¦EG�P«� È �o�qªo¦5©fG��B��4�¨y��¨V9� È 4��o��¨FTÅ=���¨�M��B¦>Ê���¨B¨B43¨��Q?L;�ª È �F�e6�Ê È ;H¦5ªI�36Eª�¨�=H��¨~¨y¦5=�;��o��¨±���4o��9�F�I���f8�;H�ET���n[M�=H¦5¨B;H¦5ª5Ê�¦54�=H¦5©fG3;H��ª3ªo�ET��3;���43¨B;H¦5ª:©>4�= È ;�M3=H�E�H�H�Æ¹76E¨B¨y�FÇNj�6�ÊF;�=H��©N��ª È ©I¦[�z9��=�;�¨B6sG3=H��¨`� È �o¦5ª�Ê�B��=�6 È ;�8E��©N��ª È G3;H��ª;Ê�¦5ª�ª[4�¨FT�ª�¦54�¨Q¦5ª È M��F�e©I;�¨Q�o�\M3�B¦EM�¦5¨y�F�0�o��¨�;�ª È �F�BM3�[9� È 6 È ;H¦5ª�¨�¨e;�©NM3=H��¨��o��¨0����� È ¨
¦EG3¨y�F�B8�9��¨F��«=��B��¨ È �ID[4o�I�o��¨������ È ¨$Ê�¦5©NM�6s�e6sG3=H��¨^M���4o8E��ª È |� È �B��6 È�È ��ª��34�¨�M�¦54o���o��¨�M��e¦�P«�KÊ È ;�=���¨^M�¦5=�S56 È ¦5©I;�D[4o��¨^M3=�4�¨
Ê�¦5©NM3=���n[��¨FTJÊ�¦5©�©N�7�o��¨\6s§E��9�F§56 È ¨"É6^M3=�43¨
§E�<6Eª��Nªo¦5©fG��B�q�Q?L6 È ¦5©N��¨�¦54%Ê�¦5©NM�¦5¨[9��¨��0?L6 È ¦5©N��¨\M3=�43¨}=�¦54o�e��¨FTs� ÈD[4Q?L6E=H¦E�e¨�=�6`©N��¨B4o�e�m����¨}�3;�¨ È �e;HG�4 È ;H¦5ª�¨0¨ È 6 È ;�¨ È ;�D[4o��¨��o��¨v9��=H�KÊ È �B¦5ª�¨>9��©�;�¨��o�F8��<6E; È 6sM�M�¦E� È �F�\�o��¨�;�ªoj�¦E�e©I6 È ;H¦5ª�¨��¨B¨y��ª È ;H��=�=���¨iM�¦54o�i=�6�Ê�¦5©NM���9��Ro��ª3¨B;H¦5ªd�o�f=H��4o�e¨i©c9�KÊF6Eª�;�¨B©N��¨7�0?L;�ª È �F�<6�Ê È ;H¦5ªd��6Eª�¨i=���¨q¨y¦5=�;�����¨F�

 :����È� 



��� �Öú<�t A¡ ¢A£bø ú<�

 :�
�QÉº 



Ê # Ë-Ì *)Í�� Í�� Î^� Î�ÏÑÐÒÍ � Ó ÔÏ'Î�Õ9�

ÖØ×�Ù Ú�Û>Ü�Ý�Þ:ß:àNáqÜ\âãÞ:Û
¶ ¤�Ð�ä���1Ôº"ÎÐ
¤�» ¶ ��¨ È 4 È ;�=�;�¨[9�F�w6�8E�KÊd¨B4+Ê�Ê^É��¨���6Eª�¨>=H��ÊF6E�o�B�k�o�U=K?V«�©I;�¨B¨B;H¦5ª6«~=H�KÊ È �B¦5ª�;�D�4o�då[�KÊ�¬¦5ª��36E;H�B�IM�¦54o�>6�Py4�¨ È �F�V=���¨f��;�¨ È �e;HG34 È ;H¦5ª�¨`��n[Mm9�F�<;�©N��ª È 6E=H��¨V�o�XM3�B¦EG36sG3;�=�; È 9��¨pæ�±��
¹>çµè{éºê é�ë �¥z� È�È �V=H¦5;Q��¨ È �z9�F�3ª�;��pM36s�Z����4�nUM36s�e6E©�É� È �B��¨FT�¨B6X©N¦�SE��ª�ª��vì�� È 4�ªUM36s�<6E©
É� È �B�Ií^D�4�; È �e6E��4�; È¨y¦5ªî9��=�6s�B§5;�¨B¨B��©N��ª È M36s�f�e6sM�M�¦E� È É6h=�6:=H¦5;~�o� ¾ Ð0ä ®�® Ð�ï�T
D�4Q?L;�=�¨F?L6s§5; È �o���e��=�;H�F�v6E4�n°§E�<6Eª��o��4o�e¨vM3R�S[¨B;�D�4o��¨;�ª È �F�B8E��ª�6Eª È �36Eª�¨Z=��vM3Rz9��ªo¦5©�É��ª��>�Q?t9��©I;�¨B¨B;H¦5ªC9��=H�KÊ È �B¦5ª�;�D[4o�V¨y�KÊ�¦5ª���6E;��B�E��å�;
=�6I8s6E=H��4o�^©N¦�SE��ª�ªo�V�o�f=�6X��;�¨«¬

È �e;HG�4 È ;H¦5ªd��¨ È j�6�ÊF;�=H��©I��ª È ;��o��ª È ;H�36sG3=��v6E4{�B��ª��o��©N��ª È 9��=��KÊ È �B¦5ª�;�D[4o�ETQ=�6�¨e;H§5ª�;H�+ÊF6 È ;�¦5ªh��4hM36s�e6E©�É� È �e��í���¨ ÈM3=�43¨z�z9��=�;�ÊF6 È �v� È�È ¦54sP«¦54o�<¨q¨B4�Py� È �o�p�z9�FG36 È ê �oë ê ÄÅë �r ?L6sM��KÉ��¨;´!Ð / Ð�¤ÅäbÐ . ëºê è0ð\ñ~ò¯Ä�óWéoë T�=�6N=H¦5;Q��� ¾ ÎÐ
¤�» ¶ ¨y�F� È É6��~9�KÊ��e;H�B�p=H��¨q��n[Mm9�F�e;���ª�Ê���¨7�o�pª36 È 4o�B�v¨B43;H8�6Eª È ��¼ô<õmöC÷Eø�ùãú�û�ùFü�÷0ý þ[öCþ�ÿ�ö�ü��eûEö��ãü�ö��Eö����	��
eûsþ
�Hü�ù�
����sö�����ü�ùxü���� ± Æ�� � ¹ 
Bûsþ
��ü�ù:ö�ûEø¯ÿBü�ù��Iõmö���ø¯ÿBü��sþ����ù��sÿy÷Vþ�ö�ü�
Bûsþ
��ü�ú�þ�ø�ùZûEö����fÿyütú������<üv÷��söoù��yý þ[ÿ�ö�ü����Eü��! Vö�ûEþ��Eü��"�Hü�ù#
Bûsþ
��ü�ùZ÷Åü%$'&ü�$Iü��<ûsþ
�HüFþ�ÿ���()�*�+�sÿ�ø,�-
���ü���+.ü��/�@ûEø¯ÿBü10O÷2.ü�ù<ø�3Eö�ü4��üNö�û/$	
FÿyüX÷Åü	��ø¯ÿ5��3�ü�ùN÷�ý þ�ö�ü�
Bûsþ
��ü6
��7�sö8����üX÷��söoùVþ�ö�ü>ù9.ü�ÿ�øKü�÷Åü � ��ø�ÿ5��3�ü�ù���:�ü��;�ãü	��ûEøü�ù��<���sÿ;3�ü�$IüFö��zþ=��ø>� ø�ù9.ü�üiú�ûsþ�ÿ*�7��ù<ø"$Vþ
�7�/��øKûsö�÷Åü�ù?.üAú�øK÷2.ü�$>ø@ü�ù��5@
«~=�=H��¨F?A9�KÊ��e; È ¼

æ4A 0 ç�B�C ç B8D�ED�±�� � B�¹FD ís±KíEG
 ¹�H�H�H � íIGC±;B �4Æ ¹  �KJE±,JLG  ¹�H�H�H � JIGC±�� � B �OÆ ¹  �� ± � G  ¹�H�H�H � � GC±�� �OÆ ¹  � ± ³ � Æ ¹

6�8E�KÊ>íqç �6� � È Jqç � ± ÆM� � ¹å�;@T����pM3=�4�¨�T��ON � T36E=H¦E�<¨Q¼
æ4A 0 ç�B�C P B8D�ED�±�� � B�¹FD ��Q ± ÆM� � ¹ é-R Q ± ³ � î ¹

ÖØ×TS UWV>Ü)XNÛ>Ü\âãÞdÛ ßYX Z\[ Z@ÞUâ{ßYX ]_^Þ`Z\a2[
r 6Eª�¨q=H��M3�[9��¨y��ª È(È �e6�8s6E;�=KT�ª�¦54�¨i4 È ;�=�;�¨y�F�B¦5ª�¨m4�ªo��6E4 È �e�pj¯¦E�<©N�p�o�"Ê�� È�È �f�3;�¨ È �e;HG�4 È ;H¦5ªQT�¦EG È ��ª�4��pM36s��Ê�¦5©NM�¦s¬¨B; È ;�¦5ªU�Q?L4�ªo��=H¦5;0��� ¾ Ð�ä ®�® Ð�ï°6�8E�KÊv43ªo�p=H¦5;�§56E©I©I6{êcb ð\ñ�òUé Å�ë �

 :���edu 



f �hg ��¢jiNþkiNþQ¡ l�¡ ú#ø�iNþ9monú<¡ p;l
g�6I=H¦5;Q��� ¾ Ð�ä ®�® Ð�ï°¨F?A9�KÊ��e; È ±�ìrq æ ¹�¼

æ
é�±�ì
¹Òç s Rot ì é�ED ± ³ �vu5¹
� È =�6N=H¦5;�§56E©I©I6�6NM�¦54o�i��n[M3�B��¨B¨B;H¦5ª°±"wxq æ
yTz q æ
y �rq æ ¹�¼

{-| ± zIy �
¹Òç Æ} ±��
¹ z é w é~R�� s R�� | ± ³ � � ¹
� ª�Ê�¦5©NM�¦5¨B6Eª È Ê���¨7����4�nw=H¦5;�¨FT�;�=�8[;���ª È ¼

æ�� ç � ¦5;�¨B¨y¦5ª*� { ��± zIy �
¹ ± ³ �iÒ5¹
ç ���Y s Ro�8� �� D Æ} ±��
¹ z é � é~R�� s R������ � ± ³ �v�5¹
ç z é} ±��
¹ � D � �Y s R��7� ] ����� � � ] é~R�� � � ± ³ �c�E¹

¦E��¼
� �Y � é~R�� s Ro�+� � � ç } ±��
¹� é ± ³ �iê5¹

��¦5ªo��¼
±;�OH7�o¹�� z é } ± � Gc�
¹} ±��
¹ � D�± z G���¹ � ] é ± ³ �v�5¹

ç z é� D�± z G���¹ � ] éx� ± � Gc� � ��¹�H�H�H<� ± ³ ��� æ ¹
ç z é � �� D�± z G���¹ � ] é

��R���
Q�� Y ±��LG?B �� ¹ ± ³ ���/��¹

ç ±�� z ¹ �� D ±�� G �� � z ¹ R�� � ]�¡¡>¢\£ �
��¤ � � ±��LGÃ±"¥ � ��¹ �� ¹ ± ³ ��� î ¹

��ªdM�¦5¨e6Eª~¦qìhçl� z ��¦Zíiç§�©¨��\T3¦5ªd6Nì«ª?¬N��¦%¬ ´ í ´ ����¦7;�=�8[;H��ª-¦Q¼
� 9¦5=�S56 � ±�ì y í�¹Òç � ¦5;�¨B¨y¦5ª�� { ��±Kí<ì y �í ¹ ± ³ ����u5¹

� 9¦5=HS56 � ±�ì y íF¹ ç ì �� D ±��LGJí<ì
¹ R~��R ¡­
��¤ � � ±��LGC±"¥ � ��¹«íF¹ ± ³ ��� � ¹

Ö ×�® ¯lÞdÛ�°�Þ`Zyà>Ü\âãÞdÛ ß6X ß6XNà�±²Z@ÞUâ´³ÑßYX ]_^Þ`Z\a2[
g
6k¨y¦5©I©N�V�o�N�o��4�nd8s6s�e;�6sG3=���¨`6E=�9��6�¦y¦5;��B��¨^¦EGz9��;�¨B¨B6Eª-¦Yµ6k=�6w=H¦5;
���·¶¹¸º ¤�»o¼���¨5¦p;�ª~¦[9�F�B��¨B¨e6Eª~¦y�Oµ6½�F6E=��F4�=��F��T8�F6s���=�=H�v��¨5¦�=�6w¨B;H§5ª36�¦B4o�B�V�o�>����4�nl9�F8�µ��ªo��©I��ª~¦B¨f¨5¦y¦��<R�6E¨5¦B;�D[4o��©N��ª-¦�;�ª��z9�FM���ª���6Eª-¦B¨ ��¾ M36s�^��n
¦y��ª�¨B;H¦5ª0T�;�=}¨y�F�e6E;�¦4o¦B;�=H���o��§
9��ª~9�F�e6E=�;�¨B�F�#���p��9��¨e4�=�¦B6�¦�µ6N�°�3;�¨5¦y�e;HG�4=¦B;H¦5ª�¨F�
¡;¿EÀTÁ+Â!ÃÅÄ#ÆjÇÈÁ�É\ÄjÊ�É\Ä#Ë©Ä%ÁÌÇFÉ;Í\ÄYÎÄjÉ\Ï�Ë©ÄÈÐoÆ�Ä�ÃvÀ�Í\Ä�Ñ�ÒÅÄ�Á�É�ÓÀÔÆ�ÕÌÄjÍ\Æ�ÕÌÄjÍ!ÃvÀ*ËÌÒÅÂ,É;Í\ÒÅÖ+ÏÌÉ\ÒÅÇFÁ	Í�ÎÄjÂ;Ï+Ã×É´ÀFÁ�É\Ä�Ë©Ä%Ã�Ø ÀFÆ�É\ÒvÇFÁ½Ë©Ä%ÙÛÚ©Í\ÇTÜ"Ä�ÆjÉ\ÒÅÃÅÄ�ÂÁ-Ø ÒÅÁ�É\Ä�Í´ÀFÝÈÒÅÂ;Â\ÀTÁ�ÉeÚ�ÀTÂßÞ ÏÌÉ\ÏÌÄ�ÃÅÃÅÄ�Þ2Ä�Á�É5à
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f ��ão�«ä�å ��æ å ¡ ¢´ç>è å ��i�é�i�ét¢´êQ¡ å è £�i�é9monå ¡ p;l
�^ª½�F6E=��F43=H��=H�Z��9��¨e4�=�¦B6�¦q�o��=�6���¦5ªÅ8E¦5=�4=¦B;H¦5ªU�o���o��4�nw��;�¨5¦y�e;�G34=¦B;H¦5ª�¨#ë þ3ü����eûEö ë þ3ü�ù �o�Ô¶ ¸º ¤�»o¼?µ6V=K?L6E;��o�^��4M��B¦���4�;�¦z�o�p=���4o�e¨mj�¦5ªo��¦B;H¦5ª�¨M�F6s�<6/��¦�9�F�<;�¨5¦B;�D[4o��¨ _ êíì ë ¼

¦5ªUM�¦5¨y�\¼�î ç � 9¦5=HS56�±�ì y íF¹ ± ³ ����ï5¹
¸ ±  �ð ¹ ç �ñ� � Y

 � æ�±"îÑç � ¹ ± ³ �����5¹
ç ñ�/ò Y

 � � �Y s Ro�k� �� D ±Kí<ì
¹
��ó�ô} ±��©¨síF¹ � ¡­ R�� s R�ô,t©�I� � ± ³ ���©�E¹

ç � �Y s Ro� sÌõ � � ¡­ R�� s R�ô,t©� ±Kí<ì
¹ ��ó�ô} ±��©¨sí�¹ � � ± ³ ����ö5¹
ç ±Kí<ì
¹ ��ó�ô} ±��©¨síF¹ � �Y s R��>� ] ô,t�R õ ��� � ¡­ R�� � � ± ³ �����5¹
ç ±Kí<ì
¹ ��ó�ô} ±��©¨síF¹ } ±��©¨síF¹±��LGuíeì �  ¹ ��ó�ô ± ³ �v÷�¬Å¹

ø�ù ± � 9¦5=HS563±�ì y íF¹y¹Òç ±�� G � �  í<ì ¹ R���ó�ô ± ³ �v÷
��¹
g0�>M��B¦���4�;�¦7�o��¨`j¯¦5ª���¦B;H¦5ª�¨��F6s�e6/��¦�9�F�e;�¨5¦B;�D�4o��¨v�o�>����4�nd8�6s�<;�6sG3=H��¨`6E=<9��6�¦y¦5;H�B��¨�î ��¦�ú ¦EGz9��;�¨B¨B6Eª-¦6µ6w=�6X=H¦5;}�o�¶r¸º ¤�»o¼�±"îÑç � 9¦5=HS56�±�ì y íF¹z��¦�ú�ç � 9¦5=�S56�±�ì�û y íFû�¹y¹m�o¦5ª�ª��\¼

¸ ±  ð ¹ � ¸ ±  Ìü ¹Òç ±��LG � �  í<ì ¹ R���ó�ô � ±��LG � �  í û ì û ¹ R���ó�ô,ý ± ³ �v÷/÷5¹
D[4�;���¨5¦7�o�p=�6Vj¯¦E�e©I�\¼

±��LGxJÈþB¹ é � ±��LGhJ û þB¹ éÌýWÿ ±��LGxJ���þB¹ é�� ± ³ �v÷/u5¹
�����
	���
�����	������������� ������� � ��� � � � � �!	��"
#����	���
$�%����
����� �&� � ����' ��� (�� ¶r¸º ¤�»o¼ � �Að � � ����������)*� ��� � �,+J7ç�JÈû ð"
 � ' � �-� ) ñ � ��' �"� + ì�íiç!ì�ûHíTû���g0��¨zM36s�e6E©Ûµ��¦y�e��¨i�o�`=�6f��;�¨5¦y�e;HG34o¦B;H¦5ªN��9��¨B4�=�¦B6Eª~¦y��¨y¦5ª-¦i6E=H¦E�e¨z�~9�F�3ª�;�¨M36s�0¼

ì.�,ç ì�íí/� ç ì û í ûí/� ± ³ �v÷&0�¹

í1� ç ��©¨síIG��©¨sí û ± ³ �v÷/ï5¹
¥z����9��¨e4�=�¦B6�¦q��¨5¦7§
9��ª��F�e6E=�;�¨B6sG�=H�Yµ632��3;�¨5¦y�e;HG�4=¦B;H¦5ª�¨~�o�1¶r¸º ¤�»o¼54 �@é ±�ì � y í � ¹ y H�H�H y 4 �76 ±�ì 6 y í 6 ¹<��g0��4o�M��¦5ª�8E¦s¬=�4=¦B;�¦5ªU�o¦5ª�ªo��4�ªo�p�3;�¨5¦y�e;HG�4=¦B;H¦5ªw�o�1¶r¸º ¤�»o¼°æ
é�±�ì y íF¹�ç98 6 ¤ � � 4 ¤ é�±�ì ¤ y í ¤ ¹i¨B;KT���¦Z¨y��43=H��©N��ª-¦q¨B;s¼

ì��eí©�!ç ì _ í _ ç H�H�Hwç ì�6�í:6 ± ³ �v÷/�5¹
=H��¨iM�6s�e6E©½µ��¦y�B��¨`�o�p=�6N��;�¨�¦y�e;HG34=¦B;�¦5ªI��9��¨B4�=�¦B6Eª~¦y�O9��¦B6Eª-¦^�o¦5ª�ªz9��¨iM36s��¼

í ç �
; 6 ¤ � � �©¨sí ¤ ± ³ �v÷��E¹

ì ç ì��eí©�í ç H�H�HUç ì�6�í:6í ± ³ �v÷/ö5¹
< ¿�ÎÄ>=�ÁÌÒvÄ9Ú�ÀTÍ@?BA.CEDGF3H%IKJLDNM:O�H�à
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f �hg ç�¢ji�éki�éQ¡ l�¡ å è�i�é9monå ¡ p;l
��¦Z=K?�¦5ªU8�9�F�<;H���p�o�pªo¦54�8E��6E4:=�6VM��e¦EM��e;�9��¦�9��¼

ì�í ç ì��eí©�!ç ì _ í _ ç H�H�Hkç ì�6�í:6 ± ³ �v÷/�5¹
� ªIM36s�T¦B;��F4�=�;H�F��Ts=@?L6E4=¦y¦���¦5ª�8E¦5=�4=¦B;�¦5ª��Q?L4�ª��q��;�¨5¦y�e;�G34=¦B;H¦5ªV�o�%¶ ¸º ¤�»o¼Q4�é�±�ì�� y í©��¹\6E4{±G2 � ��¹Fµ��©N�^¦E�e���B�q��9��¨B4�=�¦y���ª:4�ªo�p��;�¨�¦y�e;HG34=¦B;�¦5ªX�o�1¶¹¸º ¤�»o¼\T�æ�é�±�ì y íF¹�ç98 6 ¤ � � 4�é�±�ì�� y í©��¹<T���¦7;�=�8�;H��ª-¦0¼

í ç í©�
2 ± ³ �vu�¬Å¹

� ç 2Eì�� ± ³ �vu
��¹
����=�6N8�9�F�e;�������ªo��¦E�B�v=�6VM��B¦EM��e;�9��¦[9��¼

ì�í ç ì��<í©� ± ³ �vu/÷5¹
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^ �/_a`cb�d^1�ï.ee¼\T�­cbgfih�j0ä¯ï0ï01 / Tlkmb�nzä�ï.e�T
o-p#qlr�sltBu&v�s T ³xw.y ±����/�/ï5¹�÷/÷/ö
�s�

^ ÷�_N­cbLz ..{�.
® T�|"bLzV1,} ºeº�~ j"��T}­�b�d`ä¯¤Å¤�1 { ¼ . �\T��abL�Nä /0® h�j�T���bLn�¼�¤�¤�¼@}�ä¯1 / T�|.b��/��b2¶ º ä���¼%�
T
|.b��v1%�Zä¯¤�¤5ä�1 .i� T���b��Vä¯� º }�ä�¸h�T
���,�E��s��>�%r�����s%��u&��p"s%� T y���w ±����/���E¹
0~ï[�

^ u�_ �¡b�nm13¤Å¤Å1 / T
¢�£ ��¤¥�����/¦l§�������¤7¦&�¨�!¦Q©��/¦,ª$«lª�¤¥�¥¤��Gq���p�u¬¦��­q�«®��§¯¤!��r�«¬©%©.�¥¤��1«,��¤7¦&��°²± � �Q�-³!;�=��FSETµ´Y¶p¥`Tz�\¦5=Z�B�±����/ï��E¹<�

^ 0®_ �Kb�� º / º ¤5ä º . e�T
¢�£ ¤�§,u�·�¸¨¹u/¸a¦&¤G�/u�§,u���p3¹u¬¦��E¤7uº§lu/r-©��/¦,ª#«lª#¤¥�¥¤��%¹u/rYu&�»§,uBr���«,��¤¥r¼��¤�½%�$uB¸m«,��p¾¹u/¸m«,��¤�½l�$u$°Y± � �3;�¦B;H¦5ª�¨m�o��d¦5¨T��¦54Q�

^ ï�_a¿cb�ÀE¼"e
ä7� ® T�nÁb}­ . ��¼
» / T%Â�b���ä�ï.��1 / T
tBu&v�s�Ã��E¤�s,�:�%r¼�����#¸Äs Toì ó ±����/ö/�5¹�u
��ï
�s�

^ ��_²zcbe¶7äK¼ . Tr 9�FM�6s��¦y��©N��ª-¦q�o� � �B¦EG36sG3;�=�;�¦�9��¨~���Z=K?�Å>ïQäN}
1 /0® ä�� ¸1Æ�`¤~¼ . ��1Çd^1 / ïß¼ / �ÉÈÊÀ�» º ï*ËFT
��¦5©I©>4�ª�;��F6�¬¦B;H¦5ªkM��e;�8�9�F�E�

P:�ká�ÌÍP


	these-couv.pdf
	these-dos.pdf
	these.pdf

