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�5�"z<V\|TIep`N�|M|ZU3V\W<�\z�R[y-r<IK{�IhC�r�|}V\C�R[y-V\C ( 44v Ñ N�C�rFGQ|JMz<IKUMIKo5V�UMI}GQC�|TIhC�|MG[JMG[��I�JTV @ �B; " z<I_p`N�|M|HGQ|TV\R[IK��IhR(LKW<UM��Ih|�{�RQV�JTJTIhr�G]CeEHG[�<; Á ; Á z�G[�\z�RQGQ�\z£J¸JMz�I_{�R]N�W�|MG[¶�RQILXV\N�C�C�GQz�GQRQNSJMG[V\COU3IK�\G[V\C�|�{�UMVsr�W�LXIhr°¶syOJMz<I`{dNSUMJMGQLKR[I¨|T{�IhLXJTU3W�p»V�o �� ��<�jp*V(r<IhRQ|K; " z�IP|Mz�NS{�I�V�oEHG[�<; Á ; Á GQ| XsW�N�RQG[JMNSJMG[��IhRQy-W�C�L3z�N�C���IhrF¶sy$JMz<I��SNSU3GQNSJMG[V\CFV�o�N�C£yO�( ��^� {�NSU3N�p*IKJTIKU²��|3R[V²�ZRQy$p*V²�(GQC<�JTV�JMz<I�UBG[�\z£J}�"z<IhC�GQC�LXUMIhN�|3GQC<�qJMN�C}´Aª.-�¼�¬;�FGQC�GQp�N�R �� ��<� {�UMV(r�W�LXIh|�N-C<IK��LXV\N�C�C�GQz�G]RQNSJMG[V\C$¶�U3N�C�L3zONSJ @ �µk � &O�a|MIKI�E�GQ�<; Á ; Á �B���Zz<IKUMIJMz<IqLXV\N�C�C�GQz�G]RQNSJMGQC<� ��Ä��Mo G]|�JMz<I�JMN�Wg|MC<IhW<JTU3G]C<VPGQC
JMz<I�U3N�C<��I J � & {�� �  " ( 44v Ñ �,{ Às���Zz�GQR[IcG[J�GQ|JMz<IPR]G[�\z£JTIh|MJc|T¶�V�JTJTV\p o5V�U�� �� " ( 44v Ñ � i Às; *OI¨|TJMW�r<yOGQC°EHG[�<; Á ;'&
JMz<I¨C<IK�ºIX©(JTIhC�r<Ihr�|To5IKU3p�G[V\CLXV\N�C�C�GQz�GQRQNSJMG[V\C�|�NSJyw  \lk N�C�rÉNSJcN�C°GQC^JTIKU3p*Ihr�G]NSJTI*��N�RQW�I�V�o�JMN�C}´ \ À'zs;`E<UBN�p*IF� Ð ��UMIKo5IKU3|�JTVJMz<I�JMN�W¿|MC�IhW<JTU3GQC<V ��Ä��Mo���NSJ @ \ k � JS�+�Zz�G]R[IPo5U3N�p*IÉ�w�K�eJTV°JMz�I$|T¶�V�JTJTV\p��+NSJ @ \»k � À0&s; *OI{�NSU3N�p*IKJTIKUBGl~KI"JMz�IZUMIhp�N�G]C�GQC<���SNSU3GQNS¶�RQIh|�V�o¸JMz<I�p*V(r<IhRw� �  N�C�r ( 44v Ñ �sJMz<UMV\W<�\z � ¦< N�C�r � % = ¡	{ i� % = ¡	{ � � ¦<

� ¦< ���(GQN ��blU3W�C�C�GQC<�<��G]C
oaN�LXJK��� �  c ( 44v Ñ �ZW�C�G X^W<IhRQy¨r<IKJTIKUBp�GQC<Ih|q� � ¦< c � % = ¡	{��B��N�C�r�sG]LXII2��IKU3|MN(; " z<I �"ÄH�Moºp`N�|M|`UBN�C<��I
�Zz�IKUMIb| ¦< { k � JhÀs��NSJPNÉ�<©sIhrÅ�\G[��IhC � ¦< ��GQ|PN�|`RQNSUM��IYN�|N�RQR[V��_Ihr�¶syÉJMz<I-I�}`LKG[IhC�LXyÉV�o�JMz<I�LXV\N�C�C�GQz�GQRQNSJMGQV\C°{�UMV(LXIh|M|TIh|h; *OI$LKR[IhNSU3R[y±C<V�JMGQLXI-JMz�NSJ*|T¶�V�JTJTV\pw2C<IhW<JTU3N�R]GQC<V�LXV\N�C�C�GQz�GQRQNSJMG[V\C�|��5o5U3N�p*IY�w�X�T�B�H�Zz�GQL3zOGQC^��V\R[��I¨|TJTUMV\C<�
G]C£JTIKU3N�LXJMGQV\C°{�UMV(LXIh|M|TIh|h��|MW<{�{�UMIh|M|JMz<IZU3IhRQGQL�r<IhC�|MG[Jfy*p�W�L3z-p*V�U3IZIX��IhLXJMG[��IhR[y�JMz�N�CPGQC�JMz�Ib~� 2�~� � 2�~�PLKN�|TIq�5o5U3N�p*Iq� Ð �T�B; *OI�N�RQ|MVc��C�r`JMz�NSJ
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EHG[�\W<UMI Á ;'&��e	����`/��U�$�S��V<�F�J)[/6��V*VW^y��!�"-.	���X!����S�X!���V<�F��)[/���V*VW^Y��V*Vq�V����",(4� �J)[��!	�Q)*! �*����) Z �� kH�������	�&6F.�V<��!������B6CJDFEd7�GJI�: K	A����?_ 7HK	:q8�)�
�6\��!�"`_ 7�K	: G��¨)�16Ja
~� 2 ~�*N�C�r ~� 2 ~�$�aLXV321�1N�C�C�G]z�GQRQNSJMG[V\C�|�IK��V\R[��I�� JMz<UMV\W��\zÉ|TJTUMV\C��FGQC^JTIKU3N�LXJMG[V\C�|h�HG]C£JTVFo�IK�l��C�N�R+��� |MJMNSJTIh|�5UMIh|T{�IhLXJMG[��IhR[y��A2È��N�C�r��<2��PV�U"� 2�� �h�+N�C�r�RQNSU3��IhR[yPr<V\p`GQC�NSJTI�V²��IKU�~� 2�~� N�C�C�GQz�G]RQNSJMG[V\C�|K�^�Zz�GQRQI"JTU3GQ{�R[I ~� 2
~� � 2�~�-LXV\N�C�C�GQz�GQRQNSJMGQV\C�|�{�U3Ih|TIhC£J�N��ZGQr<IKU�N�C�r-p*V�UMI�LXV\p*{�RQIX©`{�NSJTJTIKU3C-V�o¸�dC�N�R�|TJMNSJTIh|��a|TIKI ��IKo1;�ª.-�¼�¬5�B;m1CPJMz<I�R[IKo�J_{�NSUMJ_V�o¸JMz<IZ���\W<UMIh|_�_I�|Mz<V²�AJMz<I�¶�V\W�C�r�|�r�GQLXJMNSJTIhr`¶sy�JMz<I�«0&�����; Ä�;^IX©(LKRQW�|MG[V\C�U3IK�\G[V\C�|V�o��SNSU3G[V\W�|�N�LKLXIhR[IKU3NSJTV�U�LXV\C�|MJTU3N�GQC^JM|K;��<LKN�C�C�GQC<�`JMz<Ie�SN�RQW<Ih|"V�o�JMN�C}´®�+Ie�dC�r$JMz�NSJK��o5V�U�JMN�C}´ i½Á &N�C�r±JMN�C�´ { ÀMJS��JMz�I¨LXV\|Mp�V\R[V��\GQLKN�RQR[y°N�R]R[V²�+Ihr�UMIK�\G[V\C�| X^W�IKIH~KIh|�W�C£JMGQR_C<VY{&V\G]C£JM|�|MGQp�W�R[JMN�C<IKV\W�|MR[yo5W�R[��RQR�� 2f�¨��  N�C�r�JMz�I�N�LKLXIhR[IKU3NSJTV�U�LXV\C�|TJTU3N�G]C£JM|K;

� |_oaNSU}N�|+JMz<I�LXV\N�C�C�GQz�GQR]NSJMG[V\C�L3z�N�C�C<IhRQ|+NSUMI�LXV\C�LXIKU3C<Ihr¸�^JMz<I�LKN�|TI�V�o¸JMz<I�|T¶�V�JTJTV\p GQ|_L3z�NSU3N�LXJTIKU 2Gl~KIhrF¶^y$N`U3NSJMz<IKU�|MGQp*{dR[I�{�NSJTJTIKU3C���LKR[IhNSU3RQy-r�V\p�GQC�NSJTIhrF¶^y$|MJTUMV\C<�PG]C£JTIKU3N�LXJMGQV\C
{�U3VsLXIh|M|MIh|K; *OIq��C�rJMz�NSJ �Zz<IhC*|M¶&V�JTJTV\pºp�N�|M|TIh|�NSU3I X^W�N�|3G?2fr<IK��IhC<IKU3NSJTIZ�ZG[JMz�JMz<I�C<IhW<JTUBN�RQGQC<V�p�N�|M|K�^JMz<I�C<IhW<JTUBN�RQGQC<V�{�N�G[UN�C�C�GQz�GQRQNSJMG[V\CqU3NSJTI�GQ|_��IKUMy�R[V����aRQIh|M|~JMz�N�C`o5IK� {�IKU3LXIhC^JB�B; " z<I�r<V\p�GQC�N�C£J+L3z�N�C�C�IhRQ|~LXV\C�LXIKUBC¨G]C�|TJTIhN�rC<IhW<JTU3N�R]GQC<V32f|T¶�V�JTJTV\p LXV\N�C�C�GQz�G]RQNSJMG[V\C�|�G]C£JTV®�\RQW<V\Cz2È�VX^W�NSUM�¥�aW<{AJTV�J k ���PN�C�r |T¶�V�JTJTV\pw2f|T¶�V�JTJTV\pN�C�C�GQz�GQRQNSJMG[V\C�|+GQC^JTV�N�LXV\W<{�RQI�V�oH� XsW�NSUM�(|��aW<{$JTV J &��`�+V�U"GQC^JTV�N�LXV\W<{dR[I�V�o��\R]W<V\C�|c�aW<{�JTVez k ���B;* z<IhCcJMz�I_LXV\N�C�C�G]z�GQRQNSJMGQC��}{�NSUMJMC<IKUHGQ|¸JMz�I~JMN�Wq|MC<IhW<JTUBGQC<V<�²JMz�I+LXV\N�C�C�GQz�GQRQNSJMGQV\C�{�NSJTJTIKU3CqGQ|�G]C�|TJTIhN�r¶^y¨oaNSU"p*V�UMIeLXV\p*{�RQGQLKNSJTIhr¸; *OIc|Mz<V��¥GQC�EHG[�<; Á ; -�N*JÈy^{�G]LKN�R¸|MG[JMW�NSJMGQV\C-o�V�U"JMz<IP�5{�IKU3LXIhC^JB��LXV\C£JTUBG[¶�WM2JMG[V\C�|�V�o_JMz<Iq{&V\|3|MG[¶�R[I�LXV\N�C�C�GQz�GQRQNSJMGQC<�¨GQC�G[JMG]N�R�|T{�NSU3JMGQLKR[Ih|K��N�C�rON�r<IKJMN�G]R�V�o_JMz<I�p*V\|TJ�UMIhRQIK��N�C^J���C�N�R|TJMNSJTIh|K��JMNS��IhCFNSJ � < Î ������ N�C�r-JMN�C}´ \ À'zs; " z�GQ|~{dNSJTJTIKU3C$GQ|�z<V��_IK��IKU"U3NSJMz<IKU�r<IK{�IhC�r<IhC^J�V\C-JMz<IJMN�C}´É�SN�RQW<I�N�C�r�V\C�JMz<I�UMIhR]NSJMG[��Icp�N�|M|Z|T{�RQG[JTJMG]C<�<;
���� !�#" �%$	#'&�(�)+*,).-!(/('&�0'&�$1-32�&1)4(/5

*OI±|Mz�V²�+IhrµJMz�NSJ$JMz�I°�\RQW�GQC�V¿GQ|-JMz<IÉ|TJTU3V\C<��Ih|TJ
{�V\|M|3G[¶�R[IgLXV\N�C�C�GQz�GQRQNSJMGQC<�®{�NSU3JMC<IKU$V�oqJMz<IÉRQGQ�\z£J 2Ih|TJ*C<IhW<JTU3N�R]GQC<V
GQCÉJMz<I$�Y���<�°; mDC �ZIKoÈ;}ª.- -�¬��_I-|TJMW�r�G[IhrÉGQC�r<IKJMN�GQR_JMz<I¨{�V\|M|MG[¶�G]RQG[JfyYV�oZC<IhW�JTU3N�RQGQC<VLXV\N�C�C�z�G]RQNSJMG[V\C�|c�ZG[JMz±�\RQW�GQC<V\|h�HN�C�rÉ{�U3V²�(GQr<Ihr�|TV\p*I¨IX©(N�p*{dR[Ih|�V�o�JMz<IKV�UMIKJMGQLKN�R�o5U3N�p*IK�+V�UM�(|��Zz<IKUMI|MW�LBz�{�UMV(LXIh|M|TIh|}¶�IhLXV\p*IcIhG[JMz<IKU�{�R]N�W�|MG[¶�RQIZV�UZW<¶dGKX^W�G[JMG[V\W�|K;
" z<IqR[V��,2IhC<IKUM��y
LXV\C�r�G[JMG[V\C
o�V�U�z�N²�sGQC��P�\RQW�GQC<V`LXV\N�C�C�GQz�GQRQNSJMGQV\C�{�UMV(LXIh|M|TIh|�GQ|"JMz�NSJ � < Î � ^ i

� % 6 ;±�(GQC�LXI¨G[JqGQ|eNg|TJTU3V\C<�\R[yÉGQC^JTIKU3N�LXJMGQC��F{�NSU3JMGQLKR[I�� �+I¨IX©({�IhLXJ*GQCÉ{dNSUMJMGQLKW�RQNSU��\RQW�G]C<V32�\RQW�GQC�V$N�C�C�G?2z�GQRQNSJMGQV\C�|�JTVY¶�I`��UMIhNSJMR[yÉIX�&IhLXJMG[��I$G]C°UMIhr�W�LKGQC<�$JMz<I-Ä��zo¥U3IhRQGQL`NS¶dW�C�r�N�C�LXI�; m1C±�sGQIK�lV�o��"z�NSJe�+IV\W<JMRQGQC�IhrPNS¶�V²��I���GQo¸JMz<I�Ä��Mo³GQ|+JTVq¶�I"JMz�I��	638�,�7 6GT98;: 6 @r@QDUT�421S�>QY1�, D+,P@a��JMz�GQ|�|MLXIhC�NSU3G[V��ZGQR]R�¶�I"V�o{�NSUMJMGQLKW�RQNSU_GQC^JTIKUMIh|TJ+GQC`LKN�|MI"JMz<I�RQG[�\z^JTIh|TJ+C<IhW<JTU3N�RQG]C<VcGQ|
(I8�, 1 �_= 8<8 D����\R]W�GQC<V�LXV\N�C�C�GQz�GQRQNSJMGQV\C�| �ZGQR]R<JMz<IhC{�UMV��sGQr�I��&r<IK{�IhC�r�GQC<��V\CFJMz<Iq¶�GQC<V32�\R]W�GQC<V�p�N�|3|�|M{�RQG[JTJMGQC��<��JMz<I�UMI7XsW�G[UMIhr
UMIhRQGQLer<IhC�|MG[JÈy$|MW<{�{�UMIh|M|MG[V\Cp*IhL3z�N�C�GQ|MplJTVqV�¶�JMN�GQCPJMz<I�LXV�U3UMIhLXJ ��NSU3�P�
NSJTJTIKU}JMz�IKU3p�N�RdUMIhRQGQL"NS¶�W�C�r�N�C�LXI�; mDCP{�NSUMJMGQLKW�R]NSUh�£r�W<I�JTVJMz<I���IKUMy�RQNSU3��I��\RQW�GQC�V32�\RQW�GQC<VqN�C�C�G]z�GQRQNSJMG[V\C-LXUMV\|3|Z|TIhLXJMG[V\C¸�dN�C�r�JTVPJMz<I�{�U3Ih|TIhC�LXI�V�o LXV\N�C�C�G]z�GQRQNSJMG[V\C
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{�UMV(LXIh|M|TIh| �"z�GQL3z`LXV\W<{�R[I�C<IhW�JTU3N�RQGQC<V�N�C�r��\RQW�GQC<V�o5UMIKIH~KII2V\W<J_{�UMV(LXIh|M|TIh|K�^JMz<IZC<IKJ�IX��IhLXJ~V�o�C<IhW�JTU3N�RQGQC<VUMIhRQGQL_NS¶�W�C�r�N�C�LXI+|3W<{�{�UMIh|3|MG[V\CcG]|�p`N�GQC�R[y�r<UBG[��IhCc¶sycJMz�I_�\RQW�GQC<VZIX��IhLXJMG[��IZN�C�C�GQz�GQR]NSJMG[V\C�LXUMV\|M| |MIhLXJMG[V\C��IK��IhC$o5V�UZUMIhR]NSJMG[��IhR[yPR]NSUM��I��\RQW�G]C<V32fC<IhW<JTU3N�R]GQC<Vqp�N�|M|�|T{dRQG[JTJMGQC<�\|h; *OIeIhp*{�z�N�|3Gl~KI�JMz�NSJ�JMz�G]|�o�IhNSJMW<U3IcGQ|{�IhLKW�RQGQNSUHV�o�JMz�I"b�RQW�GQC�V �+V\N�C�C�GQz�GQR]NSJMG[V\Ce|3LXIhC�NSU3G[V<�£|3GQC�LXI�o�V�U�N�C^yqV�JMz<IKU~LXV\N�C�C�GQz�GQRQNSJMG]C<�Z{�NSU3JMC<IKU�N�C�ro�V�U�|MW�}PLKGQC<IKJMR[y�RQNSUM��Iqp�N�|M|�|T{�R]G[JTJMGQC<�\|K��JMz<IeLXV\N�C�C�GQz�GQRQNSJMGQV\C$N�p*{�RQGQJMW�r<Icr<V\p`GQC�NSJTIh|"V²��IKU�JMz<I�LXV\N�CM2C�GQz�G]RQNSJMGQC<��{�NSUMJMC<IKUZ{�N�G[UZN�C�C�GQz�GQRQNSJMGQV\C�|K; mDC$LKN�|TI�JMz<IcRQG[�\z^JTIh|TJZC�IhW<JTU3N�RQGQC�VqG]|Zz�G[���\|3GQC<VqV�U"�"GQC<V32fRQG[��I���\RQW�GQC�VPLXV\N�C�C�G]z�GQRQNSJMG[V\C�|��ZGQR]R�V\C�RQy$¶�I�z<IhRQ{�o5W�R�NSJ���IKUMygRQNSUM��I*p�N�|M|TIh|�� � <�� J	�A¼ " I�
��B; *OI*�ZGQRQR|Mz<V��¥JMz�NSJK�dJMz<V\W<�\zFo�IhNSJMW�U3GQC<�`R]NSUM��IKU"N�C�C�GQz�GQRQNSJMGQV\C�LXUMV\|M|�|TIhLXJMG[V\C�|K�dJMz<IcU3Ih|MW�R[JMGQC��*UMIhRQGQL�NS¶�W�C�r�N�C�LXIV�o��"GQC<V\|}N�C�r$z�G[���\|MGQC<V\|+�Zz�GQL3z�LXV\N�C�C�GQz�GQRQNSJTI��ZGQJMz�NWX^W�N�|3G�r<IK��IhC<IKU3NSJTIe�\RQW�GQC<VqGQ| =l6GT � D]T}JMz�N�C�JMz�NSJV�o�LXV\N�C�C�GQz�G]RQNSJMGQC<��¶�GQC<V\|h�\r�W<I�JTVcJMz<I}{�UMIh|TIhC�LXI�V�o�N�r�r�GQJMG[V\C�N�R(IX��IhLXJMG[��I"r<IK��U3IKIh|�V�o&o�UMIKIhr�V\p ¶�UMV\W��\z£J¶^yPL3z�NSUM�\G]C<V\|�N�C�r`¶sy�JMz<I�C<IX©(J 2JTV32fRQG[�\z^JTIh|TJ}C<IhW<JTU3N�R]GQC<VcGQCPJMz<I�LKN�|TI�V�o�z�G[���\|3GQC<V\|K; " z�G]|~GQ|_JMz<IKUMIKo5V�UMINÉLKN�|TIY�Zz<IKU3I 6��38B@B8B1�,R63= 42176 , ,98;:<8;=l6 @B8�, �'Qz6GTG@ , D]TEF 6A4C@BO963=;=.- 8�,R4�T�D 6 FHD|@>:zD G�,R63=�, DIOz@�T�63= 8�, 1 T DI= 8r46 (IOY,��<6�,R4EDK;mDC�JMz<I~LXV\C^��IhC£JMGQV\C�N�R^p¨�( �b�� � p*Vsr�IhRw�²�\N�W<�\G]C<VZp�N�|M|MIh|�NSJ�RQV²�°IhC<IKU3�\G[Ih|_� � / ��NSUMI�{�UMV�{�V�UMJMG[V\C�N�RJTV�JMz<IcLXV�U3UMIh|T{�V\C�r�GQC���� / i � Ñ/ " � Á ] �B��V�¶�IKy(GQC<�
� ^ � � Ñ � � 4 � � ^ ��� Ñ ��� 4 � - �£¼L�9J � � Á ;KJ m �

" z�GQ|�UMIhRQNSJMG[V\C¿G]|�NÉLXV\C�|MI7X^W<IhC�LXI
V�o�JMz<I 63F FEO(� D��F�\N�W<�\G]C<V±p�N�|3|`W�C�GQ��IKU3|MN�RQG[JÈy±NSJ-z�G[�\z³IhC�IKUM�\G[Ih|�%('/ \ ( 44v Ñ NSJ (������s�~N�C�r��sG[o���N�R]GQr��^G]p*{�RQG[Ih|HJMz�NSJ_JMz<I"�\RQW�GQC�VcGQ|�JMz�I�z<IhN²�sGQIh|TJ~�\N�W<�\G]C<V<;��ZV��_IK��IKU²�JMz<IKUMI�NSUMIe{dR[IhC£JÈy�V�o �_IhR]R�p*V�JMG[�SNSJTIhrYp*Vsr�IhRQ|��Zz�GQL3zFr<VPC<V�J�|MNSJMGQ|To5y UuXd;�� Á ;KJ m ���a|TIKI���o5V�U"GQC�|TJMN�C�LXI��ª m k ¬5�B; mDCg{�NSUMJMGQLKW�RQNSUh���+I`NSUMI�GQC^JTIKUMIh|TJTIhr±GQCOR[V²��IhC�IKUM��ygUMIhN�RQGl~hNSJMG[V\C�|�V�o+JMz�I`�Y����� �ZGQJMzg�\RQW�GQC<V32C<IhW<JTU3N�R]GQC<V X^W�N�|MG?2fr<IK��IhC<IKUBN�LXy®N�C�r���JMz<IKUMIKo5V�UMI����ZG[JMz³�\RQW�GQC<V\|*RQG[�\z^JTIKU�JMz�N�CÅ�Zz�NSJ*IX©({�IhLXJTIhrÅo5UMV\pUuXd;�� Á ;KJ m �B; " z<Icz�GQ�\z�IhC<IKUM��y$|TIKJMW�{FN�C�rF|TV\p*I�{�z<IhC<V\p*IhC�V\R[V��\GQLKN�R¸GQp�{�RQGQLKNSJMG[V\C�|�V�o�|MW�L3zFp*V(r<IhRQ|K�N�|��+IhRQR N�|�JMz<V\|MI*V�o+U3IhRQNSJTIhr°|MLXIhC�NSUBG[V\|��ZG[JMzON��\R]W�GQC<V-Ä��Mo��¸z�N²��I�¶�IKIhC°LXV\C�|MG]r<IKUMIhrg{�UMIK�(G[V\W�|3R[y
GQCJMz<IcRQGQJTIKU3NSJMW<UMI�ª m J Ã m Á ¬;� C<I�V�o¸JMz<I�p*IhC^JMG[V\C<Ihr-|TIKJMW<{d|_GQ|_JMz<I�|TV32fLKN�RQRQIhr � 2[m m~|MW<{�IKU3|TJTUBGQC<��GQC�|M{�G[UMIhr�p�Vsr<IhR�sGQC`JMz<I�RQGQp�GQJGQC*�Zz�GQL3z-�( ��s� ¶�UMIhNS�sG]C<��GQ|~r�V\p�GQC�NSJTIhr`¶^yqJMz<I�W�C�G[��IKU3|3N�R�|MGl~KI�p*Vsr�W�RQW�|K;Hb�N�W<�\GQC<V�p�N�|M|TIh|h�^�Zz�GQL3zNSUMI�r<IKJTIKU3p`GQC<Ihre¶^yeJMz<I�|TJMN�C�r�NSUBr ��b U±LXV^I�}PLKG[IhC£JM|~N�C�r�¶^yeJMz<I"b�UMIKIhCM21�<L3z^�+NSUMJ�~Z{�NSU3N�p*IKJTIKUh�^NSU3GQ|TINSJ"V\C�II2fR[V^V�{gN�C�r���GQC
JMz<Ie{�UMIKo�IKU3UMIhr$U3N�C���IcV�o�JMz<Iqp*V(r<IhRw�dJfys{�GQLKN�RQR[y-y(G[IhRQr
IhG[JMz<IKU"Ng�az<IhN²�^y��Z�\RQW�GQC<VÄ��Mo��<V�U�C<IhW<JTU3N�RQG]C<V32�\RQW�GQC�V XsW�N�|MG?2fr<IK��IhC�IKU3N�LXy°ª m J:¬;� C<V�JMz<IKU�IX©<N�p*{�R[I�Ihp*IKUM��Ih|�GQCYJMz<IqLXV\C^JTIX©sJ�V�o}b�N�W<��I��
Ihr�G[JMNSJTIhrÉ�( ��^�lÂ+UMIhNS�(GQC<�°�b��g�(Â��B;m1CY|TV\p*I�b�  " p�Vsr<IhR]|K�&N�|�NPUMIh|MW�R[J"V�o�JMz<I�r<V\W<¶�R[IKJ 2JTUBG[{�R[IKJZ|M{�RQG[JTJMGQC���p*IhL3z�N�C�GQ|Mp¯N�C�rFr�W<IcJTV¨JMz<I
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WMAP Range

mgluino < mχ

EHG[�\W<UMI Á ; m �`	��	�,��(4���S�4�	�;"J��"Y)*!��J(4���&!d�4�	�����`�*��� .���(6���S�X���X(`�
.	�;/6�XA�)*!e�*����� Z 1 kB� Z�����Z 1 �F� Z 1 �F.�V<��!��XA
/����-.	����)��&V<� ��)*�]�y�*����� � �	���X�$��)*�S������� R �]�	��/���Vq"�
+��(4���d�������&(N/���!��r�&!�� � R �]�	�e�u!�)*T��X(��&�na�	��	��(4��"`�����J";�6"
(4� ��)[��!x����!���� ���
)*T��NTU��VW%��X�N� R � Z�����Z 1 � � Z 1 )���!�������V*Vq�V����"T����/6��%h�&�N�*���Q!��&%'��(6��VW)*!��`)��Q!��+V<��!�� �X(Q�*���� ���L	
�+���6��Tj^ ��VW%')*!������� )���($%'V<��"y��%'�:�&^Y��!����S��V<��%h�$VW^#�	����Tj^\)��&���r��.	�X���&�6��(4/��	�X���������Xa

p�G ©<GQC<��¶�IKJf�+IKIhC�JMz<I �"G[���\|�N�C�r±JMz<IPp�Ih|M|TIhC<��IKU3|h� �\RQW�GQC<V$p`N�|M|TIh|qNSUMIP|3W<{�{�UMIh|3|TIhr ª m ¼�¬; �"V�JMGQLXIJMz�NSJ_G]CqJMz�GQ|�p*V(r<IhR�Ne|Mp*VsV�JMz`LBz�N�C<��I"G]C*JMz<I�{�NSUBN�p*IKJTIKU��¨�\JMz�IZU3NSJMG[VcV�o&JMz�IZr<V\W<¶�RQIKJM|�N�C�r�JTUBG[{�R[IKJM|p�N�|M|TIh|h��IhN�|MGQR[y¨R[IhN�r�|}o5UMV\p N��\RQW�GQC<VqÄ��zo¿JTV`N�C�IhW<JTU3N�RQGQC�V32�\RQW�GQC<V X^W�N�|MG�r<IK��IhC<IKU3N�LXy�;m1J�G]|"�(C<V��ZCYJMz�NSJ�¶�GQC<V32fRQGQ��IeC<IhW<JTUBN�RQGQC<V\|"JTIhC�rYJTV�{�UMV(r�W�LXI�NPU3IhRQGQL�NS¶�W�C�r�N�C�LXIe�+IhRQR�NS¶&V���I*JMz<I
* � � o½{�U3IKo�IKUMU3IhrgU3N�C<��I����"z<IKUMIhN�|��ZGQC�V32ZN�C�rOz�G[���\|MG]C<V32fRQG[��I*C<IhW<JTUBN�RQGQC<V\|�z�N²��I�JMz<I*V�{�{�V\|MG[JTI*¶�II2z�Nh�(G[V�Uh; �"IhC�LXI��ZU3IhRQGQL
r�IhC�|MG[JÈyÅ|MW<{�{�UMIh|M|MG[V\CÅp*IhL3z�N�C�GQ|Mp�|K�"|MW�L3z N�|¨�\RQW�G]C<V±LXV\N�C�C�GQz�GQRQNSJMGQV\C�|K�}NSUMI{�NSUMJMGQLKW�RQNSU3R[y�GQC^JTIKUMIh|TJMGQC��Po5V�U�JMz<I*LKN�|TIqV�o~¶�G]C<V32fRQG[��I�C<IhW<JTU3N�RQG]C<V\|"N�C�rF�+Iq�ZGQRQR�r<IK��V�JTI`p*V\|MJ�V�o~JMz�GQ|N�C�N�R[y(|MGQ|�JTV�JMz�NSJZ|MG[JMW�NSJMGQV\C�;

" z<Iqb�RQW�GQC�V �+V\N�C�C�G]z�GQRQNSJMG[V\CO�b �Z��p*V(r<IhR��+IqLXV\C�|MGQr<IKU"z<IKUMIeG]|Zr<IK��C�Ihr
N�|�N�C£y�UMIhN�R]Gl~hNSJMG[V\C$V�oJMz<Ie�g���<� |MNSJMGQ|To5y(GQC<�qJMz<I�LXV\C�r�GQJMG[V\C�|
� < { � ^�� ��� �!� " c � Á ;KJ�z\�

�Zz<IKUMI � < N�C�r � ^ NSU3IeUMIh|M{&IhLXJMGQ��IhR[y�JMz<I*C<IhW<JTU3N�R]GQC<V`N�C�rFJMz<I��\RQW�GQC�VPp�N�|M|MIh|�NSJ�R[V��¥IhC�IKUM��y��¸N�C�r
��� �!� " |TJMN�C�r�|}o5V�UZN�C£y-V�JMz<IKU��( ��^�¥{�NSU3JMGQLKR[I�p�N�|M|MIh|K;Ä¸IKJ�W�|Zp�IhC£JMG[V\C
JMz�NSJ�GQC�{�UMIK�(G[V\W�|Z|TJMW�r�G[Ih|��\RQW�GQC<V32{dz<V�JMGQC<V*{�U3VsLXIh|M|MIh|��+IKUMIeLXV\C�|3GQr<IKUMIhr
�ZG[JMz�GQC= 1�# �<63O �A8>, 1Y�	6 FEF¨� 1 � DI= F-ª m &s� m -�¬; " z<IKUMI�� z<V²�+IK��IKUh�_JMz<I¨LXV\N�C�C�GQz�GQR]NSJMGQC<��{�NSUMJMC�IKUe��N�| , 1 @_JMz<I�\RQW�GQC�V<��¶dW<JeUBNSJMz<IKU*JMz<I�$  �\RQW�V\CM2�\RQW�GQC�VFz�N�r<U3V\C�GQL�¶�V\W�C�r±|TJMNSJTI�;±E�W<UMJMz<IKUBp*V�UMI��~|MG]C�LXIP�\N�W��\GQC<Vp�N�|M|TIh|_�+IKUMI"UBN�r�GQNSJMG[��IhR[y*GQC�r�W�LXIhr�GQC`JMz<I�NS¶�|TIhC�LXI"V�o�r�GQp*IhC�|MG[V\CM2ÈÀ��( ��^�µ¶�U3IhNS�sGQC���V�{�IKU3NSJTV�U3|K�sJMz<Ip�N�|M|�U3N�C<��I-V�o�JMz�I-p�Vsr<IhR]|c��N�|*RQGQp�GQJTIhr°JTVgJMz<I¨o�IK� b�I�
 s |qUMIK�\G[V\C ª m -�¬; " z�IKUMIKo�V�U3I���JMz<I¨�Zz<V\R[I{�z<IhC<V\p�IhC<V\R[V��\GQLKN�R�|TIKJMW�{$�+N�|"RQNSUM��IhR[y-r�G ��IKUMIhC^J}o�U3V\p�JMz<I�V\C<I��+I�r<Ih|MLXUBG[¶�I�z�IKUMI�;mDC-�Zz�NSJ}o5V\RQR[V²�"|}�_I��"GQRQR�|TJMW�r<yPJMz<I�{�NSU3N�p�IKJTIKU"|T{�N�LXI�V�o�JMz<I�b;� �$V(r<IhR�W�|3GQC<�*N�|}{�NSU3N�p�IKJTIKU3|
� < N�C�r�JMz<I-U3NSJMGQV � ^ � � <

� <
�~NSUM¶dG[JTU3NSU3GQRQyg|MIKJTJMGQC<� � � �!� " \ Ð ( � < ���ZG[JMz�JMz<I�CsW�p*IKU3GQLKN�R_oaN�LXJTV�UÐ ¾ JS�¸G]C$V�U3r<IKU�JTV�|MGQC��\R[I�V\W<J�JMz<Iq|T{�IhLKG[��Lco�IhNSJMW<U3Ih|"V�o~�\RQW�GQC<V¨LXV\N�C�C�GQz�GQRQNSJMG[V\C�|h;ZE<V�U�r<IK��C�G[JTIhC<Ih|M|�_Iq�<©(IhrON�RQR�JMz<I$�>L�Nh��V�Uer�GQNS��V\C�N�R��"|MLKN�R]NSU�|TV�o�J�¶�U3IhNS�sGQC��¨p�N�|3|TIh| � ¦% \ Ð ( � < ���ZG[JMz Ð \ Às;�Ä¸IKJW�|�UMIhp�NSUM�FJMz�NSJ�N�C^yFV�JMz<IKU�o5UMIKI*{�NSUBN�p*IKJTIKU�V�o_JMz�I*�g���<�É��RQG[��IqJMz<I*|MG[�\CYV�o � ��JMN�C}´��¸JMz�Iq|3LKN�RQNSU
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EHG[�\W<UMI Á ; z��e	��	��(4�&VW)[/�";�X!���)*�
^+���Q� R %'!�/X�
)[��!L� R �*���-�S�U���F�
.�V )*���
)*!������X�������X!��]�	��!��&%'��(6��VW)*!��+��!�"`�*���:�JVW%')*!��
R ��(+"�) �-�&(4�X!���T���VW%��X�+� R �]�	�`!��&%'�
(4��VW)*!��S�S�U���&a�	���� ��� ���9(4��!��;�`)��N�����V��!��U�`���J(4���X! ����!�";a

JTU3GQRQG]C<IhNSUZLXV\W<{�R]GQC<�\|�w[/�N�C�r${�V\|M|3G[¶�R[I�{�z�N�|TIh|ZNSUMIqRQNSUM��IhRQy-GQUMUMIhR[IK�SN�C£JZJTVPJMz<Ieo�V\R]R[V²�ZG]C<��N�C�N�R[y(|MGQ|���GQCJMz�GQ|�UMIh|T{�IhLXJq�+I¨��©sIhr)��¾ k ��JMN�CZ´ \ À k �5�Zz<IhC³C<V�J*|T{�IhLKG[��Ihr±V�JMz<IKUM�"GQ|TI��B�-w[/ \¯k �+N�C�r®N�C£yGQp�NS�\GQC�NSUMy`{�z�N�|TI�JTV	~KIKUMV<;
" z<I±C^W�p�IKU3GQLKN�Rc|MJMW�r<y GQ|${�IKUMo5V�U3p*IhrµJMz<UMV\W<�\z½JMz<I±p*V\|MJ
UMIhLXIhC^JF��IKUB|MG[V\C�|
V�o*JMz<IÉ{�N�L3��NS��Ih|�����	��
��������� ª.- m ¬�N�C�r���� �����	����� ª m�m ¬��N�|�UMIh|T{�IhLXJMG[��IhRQy�{&IKU3JMN�GQC�|"JMz<IqUMIhRQGQLer<IhC�|MG[JÈy
LXV\p*{�W�JMNSJMG[V\C�|N�C�r*JMz<I ��NSU3�q�FNSJTJTIKU+r�IKJTIhLXJMG[V\C�U3NSJTIh| Ñ ; *OI�r<V�C<V�J~G]C�LKRQW�r<I�z<IKUMIZJMz<I}{�IKUMJMW<UM¶�NSJMGQ��I�LXUMV\|M|�|TIhLXJMGQV\C�|o�V�U"�\RQW�GQC�V	��\RQW�GQC<VqN�C�rFC<IhW<JTU3N�RQG]C<V	��\RQW�GQC�Ve{�U3VsLXIh|M|MIh|K���Zz�G]L3z$LKN�C
¶&Ico�V\W�C�r�IhRQ|TIK�Zz�IKUMI�GQC�JMz<IeRQG[JTIKU��NSJMW<UMI��a|TIKI �7q �<q ª m À�¬5�B;;��z�N�C��\GQC<��JMz<I�{�NSU3N�p�IKJTIKU Ð |MRQG[�\z^JMR[y�N��&IhLXJM|�JMz�I�LXV\p*{dW<JMNSJMG[V\CYV�o�JMz<IeUMIhRQGQLr<IhC�|MGQJfy���|MG]C�LXI�G[J��SNSU3G[Ih|}JMz�Icp�N�|M|TIh|ZV�oHJMz<Iq�( ��^� {�NSUMJMGQLKRQIh|}IX©(LBz�N�C<��IhrYGQC-JMz<IeJTUMIKI!�fR[IK��IhR_�aLXV	�1�MN�C��C�GQz�G]RQNSJMG[V\CP{�UMV(LXIh|M|TIh|K��¶dW<J}G[J�R[IhNh��Ih|"V\W<UZN�C�N�R[ys|3GQ|�N�C�r�V\W<UZLXV\C�LKRQW�|MG[V\C�|}NS¶�|TV\RQW<JTIhRQyPW�C�LBz�N�C<��Ihr�;mDC E�GQ�<; Á ; m �_I°|Mz�V²����GQC JMz<I#" � 4 c �%$ � � 4� 4 & {�RQN�C<I��"JMz<IO{�NSU3N�p*IKJTIKUF|T{�N�LXIOV�o�JMz<IÉb �

|MLXIhC�NSU3GQV$o�V�U�N�¶�GQC�V	�fRQG[��I*C<IhW<JTU3N�R]GQC<VÉ� �('*) � < �B; " z<I*U3IK�\G[V\CÉ|Mz�N�r<Ihr°GQCO��U3IKIhCÉLXV�UMUMIh|M{&V\C�r�|�JTVN¨��N�RQW�IeV�o_JMz<IqUMIhRQGQLer<IhC�|MG[JÈy
LXV\p*{�NSJMGQ¶�R[I��ZG[JMzFJMz<I�* � �,+ UMIh|MW�R[JS| !#"%$.- Ñ*/ k �10�0 ¼ -�2 43  '654'7 43  '684' ª.-�¬;Â+IhR[V²��JMz<I¨��UMIKIhC�|TJTU3G[{±JMz<IPU3IhRQGQL�r<IhC�|MG[Jfy°G]|cV���IKU��f|MW<{�{�UMIh|M|TIhr�; *OI-|3z<V²��GQC±JMz�GQ|�U3IK�\G[V\C±G]|TV\R[IK��IhRLKW<UM��Ih|"LXV�UMUMIh|T{�V\C�r�G]C<�eJTVe| - Ñ9/ k � k 0;: k � k�k 0 ;� |�IX©({�IhLXJTIhr���N�R[V\C<�ZJMz�I_N�RQR[V��_IhreUMIK�\G[V\C¸��JMz�I_RQNSUM��IKU�JMz<I+C<IhW<JTU3N�RQG]C<V�p�N�|M|K�SJMz<I+|Mp�N�RQRQIKU¸JMz<I_p`N�|M||T{�RQGQJTJMGQC<���Zz�GQLBz�IhC�|3W<UMIh|�JMz<I+C<IKIhr<IhrcUMIhRQGQL�r�IhC�|MG[JÈy�|MW�{�{�UMIh|M|3G[V\C�; �"V�JMGQLXI_JMz�NSJ�JMz<I+C<IhW<JTU3N�RQG]C<V<�²�Zz�GQL3zGQ| ¶�G]C<V	�fRQG[��I��\LKN�CP¶�I�N�|~z<IhN²�^y�N�| � < � À � À " I�
 �"G[JMz<V\W<J IhC^JTIKU3GQC<�eGQC*LXV\C�<�GQLXJ~�ZG[JMz*JMz<I"LXV\C�|TJTU3N�GQC^JV\CqJMz<I}UMIhRQG]L_NS¶�W�C�r�N�C�LXI�; *OI�UMIhLKN�RQRsJMz�NSJ�GQCqpP�< �b
� � p*V(r<IhRQ|�JMz<I�W�{�{�IKU�¶�V\W�C�reV\CqJMz<I}p�N�|M|�V�odN¶�GQC<V	�fR]G[��I�C<IhW<JTU3N�R]GQC<V�GQ| o5V\W�C�r`JTVc¶�I � <>= - k�k b�I�
lª m z�¬;�Ä¸IKJ�W�|�p�IhC£JMG[V\CPJMz�NSJ_o�V�U+N�RQR�{�NSUBN�p*IKJTIKU|T{�N�LXIe{&V\G]C£JM|Z�_I�LXV\C�|MGQr<IKU3Ihr���r�G[U3IhLXJ��( ��^��{�NSUMJMGQLKR[I�|MIhNSU3L3z<Ih|�N�C�rFGQC�r�GQUMIhLXJ�N�LKLXIhR[IKU3NSJTV�U�RQGQp`G[JM|�V\CU3NSUMI�{�U3VsLXIh|M|MIh|�{�W<J��+IhNS��IKU"¶�V\W�C�r�|+JMz�N�C�JMz�NSJZLXV\p`GQC<�*o5UMV\p LXV\|Mp*V\RQV���y�;EHG[�<; Á ; zP|3z<V²�Z|�JMz<I�UMIhRQG]Lcr<IhC�|3G[Jfy$N�|�NPo5W�C�LXJMG[V\C
V�o~JMz<I�p`N�|M|�|T{�RQG[JTJMG]C<�*¶�IKJf�+IKIhCONY�5¶�G]C<V	�fRQG[��I��C<IhW<JTU3N�R]GQC<VqN�C�r-JMz<I��\RQW�G]C<V � � % 6,? � � % 6A@ � < ��B � < o�V�UZr�G �&IKU3IhC£J��SN�RQW<Ih|�V�o�JMz�I�C<IhW<JTU3N�RQG]C<V�p`N�|M|K;� | � � % 6 GQC�LXUMIhN�|TIh|K��| < - Ñ NS{�{�U3V\N�L3z<Ih|�G[JM|�N�|Ty(p*{�JTV�JMG]Le�SN�RQW<IqGQCYJMz<I*NS¶�|TIhC�LXI�V�o+LXV\N�C�C�GQz�GQRQNSJMG[V\C�|h;C1Cq{dNSUMJMGQLKW�RQNSU²�\N�C<IhW<JTU3N�RQG]C<V"�"G[JMz*N�p�N�|M| � < / ¼ k�k b�I�
 UMIED^W�G[UMIh|HN��\RQW�GQC�V��"G[JMzqN�p�N�|M|�|M{�RQG[JTJMGQC��
xGFIHKJMLONQPRPSJUTWV;X4JOPSYRZ\[4T][_^a`Eb_c_dQegfhejilkQ[WJOYmTK[_VnZ\TKLUo\N	khJMphPS[WLUJUYRYRJUY I ZqVSHlVSHKJ N o\NKZ\TK[,Z\TlVSHQJMZ\TKZqVSZsr_o�YtV6rgVSJvu w4w�x G�C NhVVSHQZsYykh[WJUYzTK[_Vyrg{�JULOVzVSHKJm|;rjPS},~.rjVRVSJOP�khJOVSJULOVSZ\[4T,P6rjVSJUYzLU[_�ApKNQV6rgVSZ\[4TKY G ^�[jP I HQZ\LGH9VSHKJmp	rjLG}_r N J;Z\Y�NQYRJ�k,HQJOPSJ4�
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V�o¸NS¶�V\W<J 0 -��¯�).0/ 6 ) ¼�À�¼®b�I�
��_GQC�V�U3r�IKU_JTV�V�¶�JMN�GQCPNcUMIhR]GQL�r<IhC�|3G[Jfy*�ZGQJMz�GQCqJMz<I�1 � �v+ U3N�C<��I�;mC1oJMz<I�C<IhW<JTU3N�R]GQC<Vqp�N�|M|}GQ|2.43 / 0 - k�k b�I�
���JMz<I�UMIEDsW�G[UMIhr-|T{dRQG[JTJMGQC<�eo5N�R]RQ|+JTV�NS¶&V\W�J65��Ê�). / 6 ) 0 -'z kb�I�
��B;~EHGQC�N�RQR[y��_N°À87�I�
ÊC<IhW<JTU3N�R]GQC<VgC<IKIhr�|*NOC<IhNSU3RQy±LXV\p*{�RQIKJTI��\RQW�GQC<Vgr<IK��IhC<IKUBN�LXy®G]C±V�UBr<IKU�JTVo5W�R[��RQRdJMz<I�W<{�{�IKU}¶�V\W�C�r¨V\C�JMz�I�UMIhRQGQL�NS¶�W�C�r�N�C�LXI���N�|"N�RQ|TV*Ihp*IKUM�\G]C<�*o�U3V\p EHG[�<; Á ; m ;1 z<IhC-JMz<I��\RQW�G]C<VeGQ| DsW�N�|MG��fr�IK��IhC<IKU3NSJTI��ZG[JMz¨JMz<I�C�IhW<JTU3N�RQGQC�VcJMz<IKUMI�NSUMI�JMz�UMIKI�|TIKJM|�V�o�{�UMV(LXIh|M|TIh|JMz�NSJ*LXV\C£JTUBG[¶�W<JTI¨JTVFJMz�I¨IK�SN�RQW�NSJMGQV\CÉV�o"JMz<I¨C�IhW<JTU3N�RQGQC�V$UMIhRQGQLPr<IhC�|MGQJfyu� Ð �97�z�IPW�|MW�N�R_C<IhW�JTU3N�RQGQC<V	�C<IhW<JTU3N�R]GQC<V$� ��� ��N�C�C�GQz�GQRQNSJMG[V\C�|h; �K�:7Zz<I�C<IhW<JTU3N�R]GQC<V	��\RQW�G]C<V-� ��;�<��LXV\N�C�C�GQz�GQR]NSJMG[V\C�|K;#<h�:7�z<Ic�\RQW�GQC<V	��\RQW�GQC�Ve� ;� ;����N�C�C�G]z�GQRQNSJMG[V\C�|K;�C1C�EHG[�<; Á ;Ç«"�+I+|3z<V²��JMz<I+UMIhRQNSJMG[��I�LXV\C£JTUBG[¶�W<JMG[V\CcV�o<JMz<Ih|TI+JMz<UMIKI�L3z�N�C�C<IhRQ|JTV*JMz<I�IX�&IhLXJMGQ��IcLXUMV\|M|}|TIhLXJMGQV\C-�Zz�GQLBzPr<IKJTIKUBp�GQC<Ih|�| - Ñ N�|}N�oaW�C�LXJMG[V\C¨V�o�JMz<I��\RQW�GQC<Vqp�N�|M|}|M{�RQG[JTJMGQC��= . / 6 G]C$JMz<IqLKN�|TIqV�o�N8>@?BADCFEHGI?<8��"RQG[�\z^JTIh|TJ"C�IhW<JTU3N�RQGQC�V $ ;�7�z<IcU3Ih|TJ"V�o~JMz<Ie|T{�IhLXJTU3W�pÆGQ|ZJMNS��IhCgJTVP¶�Ir<IhLXV\W<{�RQIhr±� Ð / À\�B; � |�|TIKIhCFG]C
EHG[�<; Á ;Ç«s��JMz<I ; � ;��{�UMV(LXIh|M|�r<V\p�GQC�NSJTIh|ZNSJ�|Mp�N�RQR�p�N�|M|�r�G ��IKUMIhC�LXIh|K��Zz<IKUMIhN�|�JMz<I ��� {�UMV(LXIh|M|�r<V\p`GQC�NSJTIh|�NSJZR]NSUM��IKUZV\C<Ih|h;�7�z<I�JTU3N�C�|MG[JMG[V\C-¶�IKJf�+IKIhC$JMz�Ih|TI�Jf�+V`U3IK�\GQp*Ih|JMNS��Ih|�{�RQN�LXI�NSJ = . / 6 ) ¼�À��¨;KJ�Ihp�NSUM�SNS¶�R[y��dJMz<I ��;��LXV\N�C�C�GQz�G]RQNSJMG[V\C�|}{dRQNhy�V\C�RQy-N¨p�GQC�V�UZUMV\R[I�N�C�rC<IK��IKUcLXV\C^JTU3G[¶�W�JTI�o5V�U�p*V�UMIqJMz�N�C 0FL 5��¨��N�|�|Mz�V²�ZCgGQCgJMz<Iq¶�RQV²�ZCgW<{OUMIK�\GQV\C�;97�z�GQ|ZoaN�LXJcGQ|�N-��IKUMy{�IhLKW�RQGQNSU�o5IhNSJMW<UMIPV�o+�\R]W�GQC<V$LXV\N�C�C�GQz�GQRQNSJMGQV\C�|K;�E<V�UqN�RQR V�JMz<IKU�{�V\|M|MG[¶dR[I�LXV\N�C�C�GQz�GQR]NSJMGQC<�-{�NSUMJMC<IKUB|cGQCJMz<IF�g���<� JMz<IKUMI
G]|�N�R[��Nhy(|`NOUMIK�\GQV\C��+NSJ¨p*V(r<IKU3NSJTI
p�N�|3|�|T{�RQGQJTJMGQC<�\|$� = . ) 0 k �È¼ k ���B�Z�Zz<IKUMILXV\N�C�C�GQz�GQRQNSJMG[V\C�|��aGQC-JMz�Ic|TJTU3GQLXJ�|MIhC�|TI���NSUMI�JMz�Icr<V\p�GQC�N�C£J�{�UMV(LXIh|M|TIh|h;
7�NS¶�R[I Á ; 0 |3z<V²�Z|�JMz<I�r�G ��IKUMIhC^J ��C�N�R<|TJMNSJTIh|_V�o ��;��LXV\N�C�C�GQz�GQRQNSJMGQV\C�|HN�C�r*V�o ;� ;��N�C�C�GQz�GQR]NSJMG[V\C�|K�SN�|�_IhR]R�N�|¸JMz<IhG[U�UMIhRQNSJMG[��I~G]p*{�V�UMJMN�C�LXI�; ��;��LXV\N�C�C�G]z�GQRQNSJMG[V\C�|&NSU3I�JMN�C}´��fr<IK{�IhC�r�IhC£JK�SN�C�r�NSUMI_GQC£��Ih|MJMG[�\NSJTIhro�V�U�JMN�CZ´ / 5 k GQC®� Ð �"N�C�rYJMN�C}´ / 5¨GQC®�w�X�B;9MZV�JMGQLXIqJMz�NSJ�JMz<ION �NZL3z�N�C�C<IhRw��r�W<I�JTV-JMz<I*RQNSUM��I�JTV�{�~W<�SNh��NPLXV\W<{dRQGQC<�<��N�RQ�+N²ys|��\G[��Ih|"JMz<IqRQNSUM��Ih|TJ�LXV\C£JTU3GQ¶�W<JMG[V\C�;67�z�I�� � ��L3z�N�C�C<IhRw�dV\C
JMz<IeV�JMz<IKU�z�N�C�r��GQ|���IKUMy®|TIhC�|MG[JMGQ��IPJTVOJMz<I��SN�RQW<I¨V�o�JMN�C}´��_NS{�{�UMV\N�L3z�GQC<�YJMz<I4N �N�LXV\C£JTUBG[¶�W<JMG[V\C�NSJ�RQNSUM��I�JMN�C�´�; � |IX©s{�IhLXJTIhr��HJMz<IPUMIh|MW�RQJM|�o�V�U�JMz<IP��U3|TJcN�C�rÉ|TIhLXV\C�r±��IhC<IKU3NSJMGQV\C�|eNSU3IPGQr<IhC^JMGQLKN�Rw;�Ä�IKJeW�|e|TJTUMIh|M|cJMz�NSJK�GQC®�(G[IK� V�o�JMz<I$�\RQW�G]C<V	��\RQW�GQC�VYr<V\p`GQC�N�C�LXI�|Mz<V��ZC¿GQC³EHG[�<; Á ;Ç«s�+JMz�I
GQC�LKRQW�|MG[V\C±V�o.DsW�NSUM�±�~W<�SNh��NLXV\W<{�RQG]C<�\|�GQ|�RQNSUM��IhRQy¨G[U3UMIhR[IK�SN�C£J}GQC-JMz<Ic{�UMIh|TIhC^J�|MLXIhC�NSU3GQV<;�(GQC�LXI ;� ; �ON�C�C�GQz�GQRQNSJMG[V\C�|�NSU3IPr<U3GQ��IhC°¶sy°|TJTUMV\C<�YGQC£JTIKUBN�LXJMG[V\C�|K�HJMz<IKy°r<VYC<V�Jer�IK{&IhC�r°V\C°JMN�CZ´�;
P FIHKJ YRZ\VSNKrjVSZ\[4T]Z\YnYRZ\�AZ\osrjP;^ [_P!QzZ\TQ[4YmrjT	k HKZSRTR_YRZ\TK[4YVU�VSHQ[4N&R_H VSHKJmVRP6r_TQYRZ\VSZ\[_T]^ PS[4�WR_o\NKZ\TK[9r_TQTKZ\HKZ\osrjVSZ\[_TKYnVS[ TKJONYXVRP6rjosZ\TQ[lr_TKTQZ\HKZ\osrjVSZ\[4TQYMkh[4�AZ\T	rjTKLUJ Z\T]VSHKJ JO{�JOLOVSZ\X!JALOPS[4YRY YRJULOVSZ\[_T V6r_}!JOY pQosr_LUJ rgVMr,YR� r_o\o\JOP�R4o\NKZ\TK[ � rjYRYmYRpKo\ZqVRVSZ\T&RYUYRZ\TKLOJ;VSHKJ;TQJUNQVRP6rjosZ\TQ[ r_TKTQZ\HKZ\osrjVSZ\[4T.LGPS[4YRYyYRJULOVSZ\[4T.Z\YyosrjPZR4JGP��
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C1C � <K�B�HJMz<I`{&V\|3|MG[¶�R[I���C�N�R~|TJMNSJTIh|co5V�UcJMz�I ; � ; �gN�C�C�GQz�G]RQNSJMG[V\C�|�NSUMI`|3z<V²�ZC¸; M"V�JMGQLXI`JMz�NSJcJMz<I�{�W<U3IhR[y�\RQW<V\C�G]L;� ���Y��C�N�R |TJMNSJTI`�\G[��Ih|�JMz<I`RQG[V\C�� |�|Mz�NSUMI*V�o+JMz<I�IX��IhLXJMG[��IPN�C�C�GQz�GQR]NSJMG[V\CFLXU3V\|M|�|TIhLXJMG[V\C¸; 7�z<IV�JMz<IKUZ�dC�N�R�|TJMNSJTIh|ZNSU3I]D^W�NSUM� �fN�C^JMG1DsW�NSUM�¨{�N�G[U3|h�(N�C�r$N�RQR�V�o�JMz<Ihp �\G[��IcJMz<I�|MN�p*IcLXV\C^JTU3G[¶dW<JMG[V\C�;

7�z<I¨oaN�LXJ*JMz�NSJ*JMz<I�N�C�C�GQz�GQRQNSJMG[V\C°LXU3V\|M|*|TIhLXJMG[V\C®V�o�NF�\R]W�GQC<VYGQ|�¶^y±o5NSU*RQNSUM��IKU*JMz�N�C®JMz�NSJqV�o"NC<IhW<JTU3N�R]GQC<V�z<V\RQr�|�JTU3W<I�C<V�J+V\C�R[y*G[o�JMz<I�C<IhW<JTU3N�RQG]C<VcGQ|~¶�GQC<V	�fRQGQ��I��\¶�W<J+N�RQ|TVeGQo¸G[J~GQ|_�ZGQC<V	��V�U+z�GQ���\|MGQC<V	�RQG[��I�; C1C®JMz�G]|qUMIh|T{�IhLXJK�~�+I$C<V²� JMW�U3C®JTVOJMz<I$LXV\p*{�NSUBGQ|TV\C�V�o"JMz�I�UMIhRQGQL¨NS¶�W�C�r�N�C�LXI-V�o�z�GQ���\|MGQC<V\|K��ZGQC<V\|~N�C�r`¶dGQC<V\| �Zz�GQL3zPLXV\N�C�C�GQz�G]RQNSJTI}�ZG[JMz`�\RQW�GQC<V\|h; 1OI�o�V(LKW�|~V\C`JMz<I"o5W�RQR[yer�IK��IhC<IKU3NSJTI�p�N�|M|_LKN�|TI�). 3 / .0/ 6 ��o5V�U"LKRQNSU3GQJfy�;61OI�{�R[V�JZGQC
E�GQ�<; Á ; 0 k JMz<I�UMIhR]GQL�NS¶�W�C�r�N�C�LXIh|�o5V�UZJMz�IeLKN�|TIh|�V�o ¶�GQC�V<���ZGQC<VN�C�r`z�G[���\|MGQC<V	��\R]W�GQC<V�LXV\N�C�C�G]z�GQRQNSJMG[V\C�|K;�1OI�N�RQ|TVc{dR[V�J�JMz<I"UMIhRQGQL}r<IhC�|MG[JfyqV�o¸Nc�\RQW�GQC<V�ÄH� + ��|*/ 6 - Ñ ; � RQRV�JMz<IKU~U3IhR[IK��N�C^J��< ��^� p�N�|M|MIh|_NSUMI"|TIKJ~JTVO5�JMGQp*Ih|~JMz<IZÄ�� + p�N�|3|"�5JMz�GQ|~p�N�©(G]p�G��KIh| JMz<I"�\RQW�GQC�V�LXU3V\|M||TIhLXJMG[V\C��d|MW<{�{�U3Ih|M|MGQC<��JMz<I�C<IK�\NSJMG[��IhR[y�GQC^JTIKUMo5IKU3GQC<�ON}N�C�r � L3z�N�C�C<IhR¸|gDsW�NSUM�¨IX©(LBz�N�C<��Ih|B�B��N�C�r
JMN�C}´GQ|}|TIKJ�JTV¨À k ��JMz<V\W<�\z¸��LKR[IhNSU3R[y���JMz�I��\RQW�GQC<V*LXUMV\|3|�|TIhLXJMG[V\CFr<V^Ih|ZC<V�JZr<IK{�IhC�r¨V\C$G[JK;��W<IqJTV�JMz<Iq�\RQW�GQC�VPr<V\p�G]C�N�C�LXIqGQCYJMz<IqIX�&IhLXJMG[��I�LXU3V\|M|�|TIhLXJMG[V\C���JMz�I�U3IhRQGQL�NS¶�W�C�r�N�C�LXIeV�o_¶�GQC<V\|JMW<U3C�|�V\W<J�JTV�¶�I_JMz<I+p�V\|TJ�|3W<{�{�UMIh|3|TIhr�V\C<I��\N�|H|Mz<V��ZC�GQCcEHG[�<; Á ; 0 k ; 7�z�GQ|�r<IK{�IhC�r�|�V\CqN�|MW<{�{�UMIh|M|MG[V\Co5N�LXJTV�UqV�U3GQ�\GQC�NSJMGQC<��o5UMV\p JMz<I`IX��IhLXJMG[��I�r<IK��UMIKIh|eV�o}o�U3IKIhr<V\p»�Zz�GQL3zÉIhC£JTIKUqGQC°JMz�IPCsW�pc¶�IKUcr�IhC�|MG[JÈyLXV\p*{�W<JMNSJMGQV\C���N�C�r �Zz�GQLBzAr�IK{&IhC�rAG]C JMz�IhG[U-JMW<U3C V\C JMz<I°r<V\p`GQC�N�C^JP�\N�W<��I±LXV\p*{�V\C<IhC£J�V�oeJMz<IRQG[�\z^JTIh|TJ~C<IhW�JTU3N�RQGQC<V<�^r�W<I�JTVeJMz<I"C<IhW�JTU3N�RQGQC<V�N�C�r`L3z�NSUM�\GQC<V�p�N�|M|~p`NSJTU3G ©�|TJTU3W�LXJMW�UMI�; 1OI"Ihp*{dz�N�|MG��KIJMz�NSJ�JMz<I`o�V\RQRQV²�ZGQC��-r�GQ|MLKW�|M|3G[V\CYUMIhRQG[Ih|�V\COJMz�I�UMIh|MW�RQJM|�o�V\W�C�rOGQCOJMz<I*{�U3IK�sG[V\W�|�|TIhLXJMG[V\C��HC�N�p*IhR[yFV\CJMz<Ier�V\p�GQC�N�C�LXIcV�o��\R]W�GQC<V�N�C�C�GQz�GQRQNSJMGQV\C-{�UMV(LXIh|M|TIh|�V���IKU�LXV\N�C�C�GQz�G]RQNSJMG[V\C�|}GQC
N��ZGQr�I�U3N�C<��IeV�oHp`N�|M||T{�RQGQJTJMGQC<�\|K��N�C�r
V\CFJMz<I�{�UMIh|TIhC�LXI�V�o�GQC^JTIKU��fLXV\C^��IKU3|MG[V\CY{�UMV(LXIh|M|TIh|"¶�IKJf�+IKIhCgJMz<IcJÈ�_V�|T{�IhLKG[Ih|h�d�Zz�GQL3zGQ|�p�N�C�r�NSJTV�UMygJTV
IhC�NS¶dR[I*�\RQW�GQC�V$N�C�C�GQz�G]RQNSJMG[V\C�|"JTVFr<UBG[��I*JMz<I`C<IhW�JTU3N�RQGQC<V�U3IhRQGQL*NS¶�W�C�r�N�C�LXI*JTVFRQV²���N�R]W<Ih|�N���IhLXJMGQC<��JMz<I�C�IhW<JTU3N�RQGQC�V�o5UMIKI��KI!�V\W<J"IX�&IhLXJMGQ��I¨�aLXV	�1�1N�C�C�G]z�GQRQNSJMG[V\C�LXU3V\|M|�|TIhLXJMG[V\C¸;
7�z<I�LXV\p*{dW<JMNSJMG[V\C®V�oZJMz�I-r�IK��UMIKIh|*V�oZo5UMIKIhr<V\p |3W<{�{�UMIh|3|MG[V\C±o5N�LXJTV�U���VsIh|*RQG[��I-JMz�G]|��`JMz<I�ÄH� +UMIhRQGQL�r<IhC�|3G[Jfy
|3LKN�R[Ih|�N�|�JMz<I*GQC^��IKU3|TIqV�o~JMz<I*JMz�IKU3p�N�RQR[y$N²��IKU3NS��Ihr°IX��IhLXJMG[��IF�aLXV	�1�1N�C�C�GQz�GQR]NSJMG[V\CFLXU3V\|M||TIhLXJMG[V\C
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JMz�NSJcJMz�IKUMIKo�V�U3I`JMz<I�U3IhRQGQL*r<IhC�|3G[JfyOp�N²yO¶&I�����. * $:� ,FGBG1� "�JMz�N�C°�Zz�NSJc�_I¨|Mz<V²�c; CDC°JMz�G]|�UMIh|T{�IhLXJK�V\W<U¨UMIh|MW�R[JM|¨p�W�|TJ¨¶&IYIX��IhLXJMG[��IhR[y¿UMIK�\NSUBr<Ihr N�|�LXV\C�|TIKUM�SNSJMG[��I�������� "�> C�� A � $`V\CAJMz<IY��C�N�R"�\RQW�GQC<VUMIhRQGQLqr<IhC�|MG[Jfy³�aN�C�rÉJMz<IKUMIKo5V�UMI�V\COJMz<IPLXV\N�C�C�GQz�G]RQNSJMGQC<�-C<IhW<JTU3N�R]GQC<V-UMIhRQGQLqNS¶�W�C�r�N�C�LXI�N�|c�_IhRQR5�B; 7�z<I|MN�p*I$NS{�{dRQG[Ih|eo�V�U*JMz<I$LXV\p�{�NSU3GQ|TV\C�V�o�JMz<I-I�}`LKG[IhC�LXy�V�o"LXV\N�C�C�GQz�GQR]NSJMG[V\CÉIX��IhLXJM|��+I$LKNSUMUMy±V\W<J�GQCJMz<I°C<IX©(J
|TIhLXJMG[V\C¸��N�|$�_IhRQR�N�|$o�V�U$JMz�IÉr<IKJTIKU3p�G]C�NSJMG[V\CAV�o*N�CµW<{�{�IKU-¶�V\W�C�rAV\C JMz<I°C<IhW�JTU3N�RQGQC<Vp�N�|M|����Zz<IhC�JMNS��IhCPGQC^JTVcN�LKLXV\W�C^JK�<C<V\C��{�IKUMJMW<U3¶�NSJMG[��I}LXV\C£JTUBG[¶�W<JMG[V\C�|�p�Nhy*LXV\C�|3GQr<IKU3NS¶�RQycIhC�RQNSU3��I�JMz<ILXV\|Mp*V\R[V��\G]LKN�RQR[y-N�RQR[V²�+Ihr$p�N�|3|}U3N�C<��Ih|K;
����� �����! �"�#$"�%����

7�z<IZLXV\p�{�W<JMNSJMG[V\C`V�o&JMz�I�UMIhRQGQL}r�IhC�|MG[JÈyeV�o¸N�JMz�IKU3p�N�RQR[y�{�UMV(r�W�LXIhrq{dNSUMJMGQLKR[I � C<IKIhr�|~{�NSUMJMGQLKW�R]NSU~LKNSUMI�Zz<IhC`JMz<IZp�N�|M|_V�o � RQG[Ih|�LKR[V\|MIZJTVez�N�R[o�JMz<I"p�N�|3|�V�o¸N�C<V�JMz<IKU_{�NSUMJMGQLKRQI !¥G]C*�Zz�GQLBz � LKN�C`N�C�C�GQz�GQRQNSJTIJMz<UMV\W<�\z�N�C � �fLBz�N�C�C<IhR ! IX©(LBz�N�C<��I�&*7Zz<I�{�UMV�{�NS�\NSJTV�U"V�o�JMz�I � �fLBz�N�C�C<IhR�r�GQNS��U3N�p o5IhNSJMW<UMIh|"GQC¨JMz�GQ|LKN�|TI�N-UMIh|TV\C�N�C£J�¶�Ihz�N²�sG[V�U'&97�z�G]|�G]|"{�UMIhLKGQ|TIhR[y
�Zz�NSJ�VsLKLKW�U3|K�¸o5V�U�GQC�|TJMN�C�LXI��¸GQCYJMz<I`�Y���<� o5V�U�JMz<Iz<IhNh�sy�(�!.�V(r�r�w N�C�r)(�!.�IK��IhC�* ��G[���\|�¶&V\|MV\C�|K� N�|��_IhRQR+N�|�o�V�UqJMz<I$�<�%�fRQG[��I-RQG[�\z^J�(�!.�IK��IhC
�"GQ���\|K��NSJ���IKUMy�R[V�� � p`N�|M|TIh|+&�7Zz<I�LKN�RQLKW�RQNSJMGQV\C�V�oHJMz<I�JMz<IKU3p�N�R]R[yPN²��IKU3NS��IhrgLXUMV\|M|�|TIhLXJMGQV\C$o5V�U�JMz<IUMIh|TV\C�N�C^J �g� N�C�C�GQz�GQRQNSJMGQV\CPU3IED^W�GQUMIh|�GQC-{�NSU3JMGQLKW�RQNSUZN�JMz<IKU3p�N�RQRQy¨N²��IKU3NS��IhrYJTUMIhNSJMp*IhC^Jqª z k ¬�&|TIKI �',.-/,J�IKo0&�ª z 0 ¬1&7�z<I�IX��IhLXJM|ZV�oHN*z<IhN²�^y �"GQ���\|}UMIh|TV\C�N�C�LXI�V\C-JMz<I�N�C�C�G]z�GQRQNSJMG[V\CPU3NSJTI�V�oHC<IhW<JTU3N�R]GQC<V\|�r<IK{�IhC�r¨V\CJMz<UMIKI�GQC<{�W<JM|��_��UB|TJK��JMz<Iqp�N�|M|�|T{�R]G[JTJMGQC<�*¶�IKJf�+IKIhCYJMz<IeN�C�C�GQz�GQR]NSJMGQC<�q{�NSUMJMGQLKRQI � N�C�rYz�N�R[oHJMz<Iep`N�|M|
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|TIhLXV\C�r���JMz�IeJTV�JMN�R�r�IhLKNhy
�"GQr<JMzFV�o~JMz<I�UMIh|TV\C�N�C�LXI����¿N�C�rYJMz�G[UBr
G[JM|�p�N�|M|�.��½ª z 0 ¬1&eE�G]C�N�RQR[y��&JMz<IU3NSJMG[VPV�o�JMz<IeC�N	� 
[��IhR[y$LXV\p*{�W�JTIhrFLXUMV\|3|"|TIhLXJMGQV\CFJTV¨JMz<IqLXV�UMUMIhLXJ�V\C<Iqr<IK{�IhC�r�|}V\CFJMz<I�UMIhR[IK�SN�C£J ��� wLXV\W<{�RQG]C<�\|HN�C�r*V\C�JMz�I�LXV\W<{�RQGQC��\|HV�odJMz<IZUMIh|TV\C�N�C�LXIZJTV�JMz<I}��C�N�R({dNSUMJMGQLKR[I�|TJMNSJTIh| &�E<V�U~UMIhLXIhC^J_|MJMW�r�G[Ih|r<Ihr�GQLKNSJTIhr$JTV�JMz<I�IX��IhLXJM|ZV�o�UMIh|TV\C�N�C£JZN�C�C�GQz�GQR]NSJMG[V\CPLXU3V\|M|�|TIhLXJMG[V\C�|Z|TIKIPª z�¼s��z�À�¬1&
1OIg|Mz<V²�ÊGQC¿EHG[� & Á & 0�0 JMz�I
V²��IKUBN�RQR"C�V\C��JTU3G[�(GQN�R}LXV\pe¶�GQC�NSJMG[V\CÅV�o�JMz<I
IX��IhLXJM|¨V�o�JMz<Ih|TIYGQC<{�W<J{�NSU3N�p*IKJTIKUB|+&mC1C¨JMz<I�W<{�{�IKU_{�N�C<IhRd�_I�|Mz<V��AJMz�I�r<IK{�IhC�r�IhC�LXIZV�o¸JMz�I�C�IhW<JTU3N�RQGQC�V�UMIhRQGQL"r<IhC�|MGQJfyx| 3 - ÑV\C = .���NSJ��<©sIhr . 3 / ¼ k�k b�I�
 o5V�UZJMz<U3IKIer�G ��IKUMIhC^J��SN�RQW<Ih|�V�oHJMN�CZ´����Zz�GQR[I�GQC�JMz�IcR[V²�+IKU�{�N�C<IhR�_I��<©�JMN�C�´ / À k N�C�rFN�C�N�R[y �KIeJMz<UMIKIqr�G ��IKUMIhC^J . 3 ��C�N�p*IhRQy
¼ k�k ��5 k�k N�C�r 0 k�k�k b�I�
�&	7�z<Ie{�R[V�JLKR[IhNSU3R[y�z�G[�\z�R]G[�\z£JM|�JMz<I�IX��IhLXJ�V�odJMz�I}UMIh|TV\C�N�C�LXI}NSUMV\W�C�r = .�� / k �£N�C�r*GQC�{�NSUMJMG]LKW�RQNSU�JMz<I}UMIh|MW�RQJM|�V�oJMz<I�� *�� ":��, G�,S¹	� " , -�?BA -'��GQC`o5N�LXJK�(JMz<I�p�N�©<GQp�N�R�IX��IhLXJM|�NSUMI�NSJ�� C $ ?� ?�¹�� = .�� ) 0 �-�(|3GQC�LXI�{�NSU3JMGQLKR[Ih|�ZG[JMzFp�N�|M| . 3 = .��nBS¼Pz�Nh��IqGQC$��IhC�IKU3N�R�R]NSUM��IKU"JMz�IKU3p�N�R¸IhC�IKUM��y
LXV\C^JTU3G[¶�W<JMGQV\C�|}JMz�N�CFJMz<V\|TI��ZG[JMz

.43 i . � BS¼ &CDC-JMz<I�W<{�{�IKU�{�N�C<IhR��+I�|TIKI�JMz<I�IX��IhLXJ�V�oHNq¶�UMV\N�r<IKU�U3Ih|TV\C�N�C�LXI`�5JMz<I��"GQr<JMz¨V�o .��°��UMV²�Z|Z�ZG[JMzJMN�C}´���V\CYJMz<IeU3IhRQGQL�r<IhC�|MG[Jfyu��o�V�U�RQNSU3��IKU"JMN�C}´ / 5 k UMIh|MV\C�N�C�LXI�IX�&IhLXJM|�NSUMIeV�{�IKU3NSJMG[��I�o�V�U�N¨RQNSUM��IKU= .��¨U3N�C<��I�&nC1CeJMz<I+R[V²�+IKUH{�N�C<IhRw�SGQC�|TJTIhN�r¸�SGQJ�GQ|�|Mz<V²�"Cez<V���R]NSUM��IKU�p`N�|M|TIh|�UMIhr�W�LXI+JMz<I~IX��IhLXJMG[��IhC<Ih|3|V�oHUMIh|TV\C�N�C�LXIh|h��|Mz<U3G]C<�sG]C<�cJMz<I�U3IhR[IK��N�C^J = .��ÉU3N�C<��I�&
J�Ih|MV\C�N�C�LXIh|Zz�Nh��Ier�U3N�|TJMGQL�LXV\C�|MIED^W<IhC�LXIh|�V\C$JMz�I�LXV\|Mp*V\R[V��\GQLKN�R�LXV\C�|TJTU3N�G]C£JM|ZV\C�JMz<Ie�g���<� {�NK�U3N�p*IKJTIKU�|T{�N�LXI�� p�N�GQC�RQy
�Zz<IhC°JMz<I ��� N�C�C�GQz�GQRQNSJMG[V\CgLXUMV\|M|e|TIhLXJMG[V\C±GQ|�UMIhRQNSJMGQ��IhR[yYRQV²���HN�|cG[J�G]|�JMz<ILKN�|TIco5V�UZN*¶dGQC<V	�fRQG[��I�ÄH� + &�7�z<I�{�R[V�J}V\C
JMz<I�U3GQ�\z£J�GQR]RQW�|TJTU3NSJTIh|+JMz<IcV²��IKU3N�RQR�|TJMNSJMGQ|TJMG]LKN�R�IX�&IhLXJM|"V�oHJMz<I

w {�V\R[I`U3Ih|TV\C�N�C�LXI��~|3z<V²�ZG]C<�
JMz<I-o5U3N�LXJMG[V\C±V�oZ¶�G]C<V\|cGQC�NF�\G[��IhC®¶�GQCÉV�o = .�� o5V�U�JMz�IP{�NSUBN�p*IKJTIKU|T{�N�LXI*|MLKN�CgV�o2J�IKo0& ª Á � ¬"�5o5V�U�r<IKJMN�GQR]|�|MIKI��(IhL &�À &ÇÀ & 0 � &'1OI�LKR[IhNSU3RQy
|TIKIqJMz�NSJ�JMz<Iq{�U3GQ�sGQRQIK��Ihr$�SN�RQW<Ih|NSUMI�JMz<V\|MIcNSUMV\W�C�r = .�� / k ��N�|�IX©s{�IhLXJTIhr &
����� ��������%�� ��"�������� ��"���#$"�%���� ��"���� " "� " �/�!� #$"�� ##"$� %� ���  ��� &%&�����('

����� %�# � �  *),+.-�� "��!��� �!��"�%��

� |���/1032!4658789:/hr�;S¶�0²�</���587[�</#789�;<9^ye{>=60@?A/h|3|B789^�<035[�@7C9<�D;DE:/K{>;F=6462:=G/IHJ=603KL4Mz!/M=GKN;<5:/ED@2!78587Q¶!=G782!K$�	4Mz:/
HO=G/M/��M/!�P032:4�0<HB9:/	2:4Q=G;<587C9:0\|*78K�{>5878?M;F4Q/h|&;�{>;F=6467C?M5R/�789S4Q/M=G;<?A467R039T=G;F4Q/��UHJ;<585C789<�*¶�/	5R0²�.4Mz:/�/X©s{>;<9�|67R039
=G;F4Q/�0<H$4Mz:/" �9!7[�</M=3|6/ * &V�W;<9!EX7R4M|~|6?M;<5C789<���*784MzN4Q/	K*{�/M=G;F462:=G/*;F=6/�HJ2!5C5[y�E:/K�Y9:/	EN039!?A/&4Mz:/Z{Y;F=64678?M5R/{�z^ys|67C?K|¨|6/M462<{µz!;�|-¶�/M/	9 |T{�/	?M7[�!/	E�·��Zz>;F4K�&789�|64Q/	;<E��&;S¶�032:4 * ;<9>EZ7R4M|[4Mz:/M=GKN;<5�|6?M;<5C789<�S\ 7�z:/
HO=G/M/��M/!�P032:4�0<H61 CT� + |�7]|c{!=G/	E!78?A4Q/	E]4Q0T46;S�</-{>58;<?A/X;F4�;T4Q/	K*{�/M=G;F462:=6/ &$^_789]4Mz:/X=G;<9<�</`0<H1;_HJ/K�
a /�
L0<=*;S¶�0²�</'�bKc2!?Gd_/	;F=G587R/M=h�!7C9e46d:/ d!7CfQ4Q0<=6gh0<Hi46d:/e &9!7Q�</M=GfQ/��!46d!;<9T;<9jg[0<Hi46d:/lk>=60@?A/	fGfQ/	f��*d>78?Gd
?M;<9A¶m/nE!7R=6/	?A4658gU4Q/	f64Q/	Eo46d:=6032<�3dp?A03f6K�035R0��37C?M;<5&0�¶YfQ/M=M�F;F467R039!f+& 71d:/T?A03KhK�039o;Fk!k!=603;<?�d��Z�*d>78?Gd
=6/W<!/	?A46fD46d>;F4��*d!78?�dWd!;<f�¶�/M/	9q;<E:0<k!4Q/	E]7C9T46d!/�k!=6/	fQ/	9S4D46d:/	f678fD2!kq4Q0�9:0²����78f�4Q0�/X©�4Q=G;Fk�0358;F4Q/�46d:/
/X©@kY;<f67R039T=G;F4Q/c;<f�;XHJ2!9>?A467R039�0<HV46d:/c4Q/	K�k�/M=G;F462:=G/ Ð�r &��#0<HV46d!/� �9!7[�</M=Gf6/c�I/�E:/M=G7Q�</ HJ=603Ks4Q/	f646f&0<H
46d:/#fQ46;<9!E!;F=�Eq¶>7[��¶>;<9<�D9S2>?M5R/M03fQg�9j46d:/	fG78f r Â+Â:M��B�j;F4B;�4Q/	K�k�/M=G;F462:=G/I0<Hm;S¶�032:4 0 ��/�
���¶>;<?M�s�b;F=GE�4Q046d:/�1 CT� + HO=6/M/��M/!�P032!4#4Q/	K�k�/M=G;F462:=6/���;<f6f62!Kh789<��;c=G;<E>78;F467R039`E:03KN789!;F4Q/	E¨ �9!7[�</M=GfQ/�&��_0@E!/	58f+�*d:/M=6/
46d:/�=60358/e0<H�E>;F=M�t/	9!/M=M�<gU7Cf�k>58;ug</	E³¶Sgv;]E!g@9!;<Kh78?M;<5#f6?M;<58;F=��>/	58E rAw � ?BA>�6� $ $E� A	.4�3�B�b0<=Xf6?A/	9>;F=G7R03f�*d:/M=6/W/X©�4Q=G;,/	9:/M=M�<gpE:/	9!f6784xgy?A03K�k�039:/	9S46f�;F=6/Wk!=G/	fQ/	9j4�;F4e46d!/n467CK�/W0<H�9:/	2:4Q=�;<58789:0UHO=G/M/��M/!�P032:4K�
KN;	g_g@7R/	5CETf67Q�39!7[�>?M;<9S4*K�0�E!7[�>?M;F4678039!f*789T46d:/c=6/	5878?�;S¶>2!9!E>;<9!?A/ 0<H�9!/	2:4Q=G;<58789!03feª z Á ¬1&�71d!78f&789T462:=G9!f4Q=G;<9!f65C;F4Q/	fB789S4Q0l46d:/1789S4Q=G7[�32!7C9<�&k�03f6fG7[¶>7858784xgD46d!;F4+�< ��^�ZK�0�E:/	58fH�*7846d�58;F=M�</*9:/	2!4Q=G;<58789:0D;<9!9>78d!7858;F4678039
?A=603f6f1f6/	?A467R039!fK�!;<9!E[d:/	9>?A/��*7R46d[?A0<k>7R032!f ��;F=M���T;F4Q4Q/M=&E:/M4Q/	?A467R039�=G;F4Q/	fK���37[�</D=�78fQ/�4Q0�46d:/D=6/ED@2!7R=6/	E
;<K�032!9S410<Hi?A0358E ��;F=M�$�_;F4Q4Q/M='&C�9z46d!/nk>=6/	fQ/	9S4[f6/	?A467R039A��/g�*785C5*KN;<789>5RgvHO0�?M2!f`039o46d:/q;F4Q4Q=G;<?A467[�</]?M;<f6/q0<H�;Z{+� ?)A>�6� $ $W� AY� ? ,FG
/	9!d!;<9!?A/	KN/	9j410<Hi46d:/�9:/	2:4Q=G;<587C9:0�=6/	5878?�;S¶>2!9>E!;<9!?A/��>K�0<467Q�|;F4Q/	E
¶Sg`46d:/l0�¶>f6/M=M�|;F4678039!;<5$/K��78E:/	9!?A/lHJ0<=



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

; � , "98%�@Aa� " -��c?A03K�k�039:/	9j4D789_46d:/* &9>7[�</M=GfQ/�&.C�9T;X=6/	?A/	9S4l;<9!;<5Rg�f678fK����;<58;F467}ª z 5�¬Vkm037C9j4Q/	ET032:4�46d!;F4
k!=6/	E!7C?A467R039!f�HJ0<=h46d:/ 1 CT� + =G/	5878?�;S¶>2>9!E!;<9!?A/_;F=G/Tf67[�39>7[�>?M;<9S465RgUE>7 �m/M=G/	9j4h78H�039!/Tf62:k>km03f6/	f�46d!;F4
46d:/[HO=G/M/��M/!�P032:4Nd!;Fk!k�/	9!fcE!2:=G7C9<�T;nk�/M=G7R0�E 0<H���2!789S4Q/	f6fQ/	9>?A/`E:03Kh789!;F467R039��B;<f�784c?M;<9®¶�/`46d:/e?M;<fQ/
7RH*46d!/���2!789S4Q/	f6fQ/	9!?A/��>/	58Ev2!9!E:/M=3�<0S/	f�;Wk>d>;<fQ/e0<H��D��789!;F4678039�� & 71d:/�2!9!E!/M=G58789!7C9<�_78E:/	;W78f�=�;F46d:/M=
f678K�kY5R/'��78H�039q4Q0<k]0<HI46d:/�=G;<E>78;F467R039W/	9:/M=M�<gWE:/	9!fG7R4xgn;	��2!789S4Q/	f6fQ/	9!?A/N?A039S4Q=G7[¶Y2:467R039W78fD;<E!E:/	E¸� 46d:/ &9>7[�</M=GfQ/�78fNHO0<=G?A/	Ez789S4Q0 d!;h��789<�t;qHJ;<f64Q/M=h/X©�k>;<9!f67R039 & � 58;F=M�</M= * 78KNk>587R/	fc46d!;F4N46d!/_KN;F46?Gd>789<�¶�/M4f�I/M/	9e;<9!9!78d!7C58;F467R039N=�;F4Q/�;<9>E[/X©@k>;<9>f67R039X=G;F4Q/D46;S�</	f#k>58;<?A/D;F4#;�d!7[�3d!/M=�4Q/	K�k�/M=G;F462!=6/��:d:/	9!?A/�46d:/
1 CT� + /EDS2>78587[¶!=�782!K 9@2!Kc¶�/M=�E:/	9!f6784xg�HJ=6/M/��M/	fl789n;F4l;[58;F=M�</M=��F;<582:/����37[��789<�`;`9!/M4�7C9!?A=6/	;<fQ/�789T46d:/�>9!;<561 CT� + =6/	5878?[;S¶>2>9!E!;<9!?A/ r /K�</	9z; K�0�E:/	fQ4N7C9!?A=6/	;<fQ/_7C9 &$^]789!E!2!?A/	f�5C;F=M�</�/X��/	?A46fK�}¶�/	?M;<2!fQ/
46d:/[HO=G/M/��M/!�P032:4�0<H 1 CD� + f�d>;Fk!k�/	9!fc�&d:/	9 1 CT� + f�;F=6/e9:039��P=6/	5C;F467[�@7CfQ4678?h;<9>Et46d!/	7R=�/EDS2!7C587[¶!=G7C2!K
9S2>Kc¶�/M=1E:/	9!fG7R4xg[78f#;<5R039<�h46d:/D/X©@k�039:/	9S4678;<5858gXf62:k>k!=6/	f6fQ/	E��T;�©s�I/	585��fÂI035R4*�	Kh;<9!9e46;<785�� &

1q/�/X©:;<KN789!/�d:/M=6/V46d!7Cf K�/	?Gd>;<9!78f6K 7C9lE:/M46;<785����I/�78KNk>5R/	K�/	9S4 ;#=6/	;<587CfQ4678?ik!=60<4Q0<4 gSk�/BHJ0<=
�D2!789:4Q/	fU�
fQ/	9!?A/D789S4Q0�46d:/DE:/	9!f67R4 g�/K�<03582:467R039[/ED@2!;F467R039[E:/	fG?A=G7[¶>789��l46d:/DE:/	?A032:k>5C789<� 0<H(;'1 CT� + ��;F=3�¨�T;F4Q4Q/M=
fQk�/	?M7R/	fK��;<9!E`fQ035[�</�f62!?GdX/ED@2!;F467R039[9S2>K�/M=G78?M;<5858ge�*7846dh46d:/�fQ46;F4Q/�0<H 46d:/�;F=64I4Q/	?Gd!9>71DS2!/&;<fbE:/K�</	5R0<k�/	E
789l46d!/ ��� �����	� ��� k>;<?M�F;S�</�ª 5�¼s�����^�]z � ¬1&*1q/I;F=6/�46d:/	9c789D46d:/�km03fG7R467R039D0<H<�37[��789<�&fQ03K�/~�</	9!/M=G;<5S?A=�7R4Q/M=G78;4Q0>DS2>;<9j467RHJgh46d!/lDS2!7C9j4Q/	f6f6/	9j4678;<5m/	9!d>;<9!?A/	K�/	9S4#0<H�=6/	5C78?&E!/	9!f67R467R/	fh��;<9>E[0<H�78585C2!fQ4Q=G;F46789��c�*d!;F4#?M58;<fGfQ/	f
0<H�K�0�E:/	58f&;F=6/cKN0<=6/cf6/	9!f67R467[�</�4Q0ef62!?Gdn;<9T/X�m/	?A4+&�1q/�k!=6/	f6/	9j4&=6/	f62!5R46f&HJ0<=�;XHO/K�Lf6;<KNk>5R/�?M;<f6/	f&0<H
9:/	2:4Q=G;<5C789:0���;F=M�e�T;F4Q4Q/M=�?M;<9!E>78E!;F4Q/	f(789l46d:/b?A039S4Q/X©@4V0<H!46d!/IKN7C9!78KN;<53fG2:k�/M=GfQg�KNK�/M4Q=G78?B/X©@4Q/	9!fG7R039 0<H
46d:/"�<� r �Y�����Y� &�C�9�k>;F=64678?M2>58;F=H��/1E!7Cf6?M2!f6f(;F4B5R/	9<�<46d�46d:/1?M;<f6/10<HYd!7Q���3f6789:03fi;<9!Eq�*7C9:03fK���*d!7C?Gd�;F=6/
2!f62!;<5C5RgNE!78fQ=G/K�3;F=GE:/	E[;<f ��;F=M���_;F4Q4Q/M=�?M;<9!E!78E!;F4Q/	fh�!;<f#46d:/	7R=#46d:/M=�KN;<5�=6/	5878?�;S¶>2!9>E!;<9!?A/D78fI4xg@k>78?M;<5858g
/X©�?A/M/	E>789<�35Rg[f6KN;<585$7C9[46d:/lfQ46;<9!E!;F=�E�?A03f6K�035R0��37C?M;<5 f6?A/	9!;F=�7R0 &
������  �	�/& (42�� 5	5�� (42�&1-!$�� )
�'&�� *,- 2�&�) (/5 2 ) 2 0�� 5 2 -!(��/-���� *,) 5�� ) $1)��4&�*,-!$ 5 * � (/-!� &1)
1q/c?A039>f678E:/M=�;#":=G78/	E!KN;<9!9�� J*0�¶�/M=646fQ039��Z1];<5[�</M=�2!9!7Q�</M=GfQ/l789!?M5C2!E!789%$<�!7C9�;<E!E!7R4678039e4Q0X46d!/�2!f62>;<5$=G;K�
E!78;F467R039n;<9!EWKN;F4Q4Q/M=l4Q/M=�KNfK�$;&��2!789S4Q/	f6fQ/	9!?A/�?A03K�k�039:/	9S4K���*d!78?�dY��/�fT�</M46?�d];<fD;[f6789%$35R/cfQk>;F4678;<5C5Rg
d:03K�0�$</	9:/M032>f�f6?M;<5C;F=��!/	5CE('��*7846dl;1k�0<4Q/	9S4678;<5 ) r '�* & 71d:/B/	9:/M=+$<glE:/	9!f67R4 gD;<9!Elk!=G/	f6f62:=6/�;<f6fQ0�?M78;F4Q/	E
4Q0N46d!78f#?A03KNkm039!/	9j4*;F=G/�,!=6/	fQk�/	?A467.-</	5Rgu�

/10 / 0¼ " � '� N & Ñ � ) r '�* : 2 0 / 0¼ " � '� N & Ñ @ ) r '�* L r Á &Ç¼ � *
ÂIg�HJ0<=GKN;<5858g431=G7R467C9%$*46d:/#/ED@2!;F467R039�0<H�fQ46;F4Q/1HJ0<=5'6, 2 0 /87 /10 ,93I/1fQ/M/#46d!;F4 7 ?M;<9:-|;F=6ge¶�/M4;3I/M/	9 � 0;<9!E @ 0 ,�$<03789%$*HO=603K 46d:/B=6/<$378KN/�789=3*d!7C?GdD46d:/~�@789!/M4678?i4Q/M=GK 78f K�2!?�d 58;F=+$</M= 46d!;<9D46d!/Bk�0<4Q/	9j4678;<534Q/M=GKr �D�@7C9!;F467R039�� k>d!;<fQ/eª z9�1,�z'z�¬>*�4Q0 46d!/*0<k!k�03f67R4Q/&?M;<fQ/?3&d:/	9N46d:/"�!/	58EN7CfBHJ=60 �M/	9h789S4Q0 039!/&?A039<��$32!=G;F467R039
;<9!E(@62!fQ4}¶�/	d!;A-</	f1;<f*;N?A03fGK�035R0�$378?M;<5�?A039!fQ46;<9S414Q/M=GK &

7�0_4Q=G;<?A/X46d:/ ��2<¶�¶>5R/�/X©�k>;<9!fG7R039q=G;F4Q/ * ;<f�;�H2!9!?A467R039]0<HI46d!/N4Q/	K�k�/M=G;F462:=6/ &B,C3I/X9!/M/	E]4Q0
fQ035.-</l46d!/4":=G7R/	E!Kh;<9!9[/EDS2>;F467R039 r 3I/ ;<f6f62>K�/l;NfQk>;F467C;<585Rg><>;F4" &9!7�-</M=GfQ/D*j�

* Ñ r &=* / 0À�E ÑF<G ª /1H>IKJ r &=* � /1L r &�* � /10 r &�*f¬ : r Á &Ç¼9��*
?A032:k>5R/	E[4Q0h46d:/l/ED@2!;F467R039e0<HVK�0<467R039�HO0<=�'��� Ñ '� N Ñ � À * � '� N � � )� ' /8M L r Á &Ç¼'z9*C 9ON D & r Á &Ç¼9��*X;S¶�0A-</�,=E FPG ? 0 B ¤ z,+6Q 78fh46d:/n=6/	E!2!?A/	E + 58;<9<�vKN;<fGf<,R3*d!7C5R/ /�HSIKJ ;<9!E / L ;F=6/�,
=6/	fQk�/	?A467.-</	5Rg�, 46d:/�/	9:/M=T$<gWE:/	9!f67R4 gT789n=G;<E>78;F467R039W;<9!Eq789WKN;F4Q4Q/M= & 7�0��>9!E /�L r &=*?3I/Nf678K�k>58g�f6?M;<5R/
7R46f�?M2!=6=6/	9S4�-F;<582:/R3*7846d�46d:/&;Fk>k!=60<k!=G7C;F4Q/1/EDS2>;F467R039h0<H f646;F4Q/�·@HJ0<= /�HSIKJ r &=*V46d:/&;<9>;<5R0�$<032!f�k!=60�?A/	E!2:=6/�,
0<HO4Q/	9X78K�k>58/	K�/	9j4Q/	Eh789U��2!7C9j4Q/	f6f6/	9!?A/1fQ462!E!78/	f<,j78fB9!0<4�;<?M?M2:=G;F4Q/&/	9:032%$3dhHO0<=�032:=Bk>2:=Gkm03f6/�& 1q/?31=G7R4Q/
789!fQ4Q/	;<E /�V r &=*I;<f��

/1H>IKJ r &=* / + ÑÀ M � ��� r &�* &XW r Á &Ç¼�«9*



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

;<9!E�?A03K�kY2:4Q/ � ��� r &=* ,Y46d:/l/X��/	?A467.-</�E:/<$<=G/M/	f10<HiHO=G/M/	E:03K ?A0@/�}h?M7R/	9S4<,Yf62!KhKN789%$�46d:/ ?A039S4Q=G7[¶Y2:467R039!fHO=G03K ;<585VkY;F=64678?M5R/	fl7C9q46d:/X?A039S4Q/X©�4c;F4cd!;<9!E r ? ,t� , ,�789q46d!/Xf62:k�/M=Gf6g@KNKN/M4Q=G78?c/X©@4Q/	9>f67R039]4Q0T46d:/-���
3�/�?A039!f67CE:/M=~¶�/	5R0D34,13I/��>9!E � ��� r &�*VHJ0<=�/	;<?�d`0<H 46d:/�KN;<f6fIfQk�/	?A4Q=G2!K 3I/�$</	9:/M=G;F4Q/�,!789!?M5C2!E!789%$�¶�0<46d
fQ46;<9!E!;F=�EcKN0@E:/	5@k>;F=G4678?M5R/	fi;<9!Ec46d:/#f62:k�/M=GfQg�KNK�/M4Q=�78?Bk>;F=G469:/M=GfK·jE!/M46;<7858f(039�d:0A3v4Q0D?A03K�kY2:4Q/ � �#� r &=*;F=6/4$37.-</	9�,�� , - , ,!7894J1/MH0&�ª z�«�¬>* &

/10 r &=*&;<9!E * r &=*&?M;<9Y¶�/cE!/M=G7.-</	ET039!?A/ 3�/�fQk�/	?M7RHJge46d:/�789!7R467C;<5 ?A039!E!78467R039!f*;<9>ET46d!/ck�0<4Q/	9S4678;<5
) r '!* & 71d:/nfQ/M4X0<H�789!7R4678;<5*?A039!E!7R467R039>f:3I/T=6/	f60<=64h4Q0v78fX9:0<4X46d!/TK�03fQ4�$</	9:/M=G7C?T789z;t?A039S4Q/X©�4`0<HDS2>789j4Q/	fGfQ/	9j467C;<5$?A03f6K�035R0�$<g�,m;<f 3�/B3*78f6d`4Q0N=6/	f64Q=G78?A4#032:=Gf6/	5.-</	f#4Q0NfQ03582!467R039!f#789 3*d>78?Gd / 0 78f#789!784678;<585Rg
58;F=T$</M=c46d!;<9 /�HSIKJ ,B;<9>E 46d:/	9U78f�=6/	E��xf6d>7RHO4Q/	Et;P3b;	gUK�0<=6/`=G;Fk>78E!58gT46d!;<9U46d:/`=G;<E!7C;F467R039 ?A03K�k�039:/	9S4
r 46d!78fId!;Fk!k�/	9!f�789h46d!/;8&?BA	,3� ? CFA�kYd!;<fQ/D*�fQ0�46d>;F4I46d!/&=G;<E>78;F467R039`E:03KN789!;F4678039N/Mk�0@?�d[?M;<9`f646;F=64�¶m/MHJ0<=6/
46d:/*467CK�/*0<H¸Â�Â:M & 71d!7CfB?A0<=6=6/	fQk�039!E>f<,a� , - , ,j4Q0c46d:/&=6/	d:/	;F46789%$cf6?A/	9!;F=G780 f62%$�$</	fQ4Q/	E[789 J1/MH0&&ª « M ¬ ;<9!E ,K�0<=6/ $</	9:/M=G7C?M;<585Rg�,�789TKN0@E:/	5Cf&46d>;F4�4Q=Gg�4Q0 $</	9:/M=G;F4Q/�, 46d:=G032%$3dn46d:/cfG;<K�/�K�/	?Gd!;<9>78f6K ,�46d:/�?M2:=6=G/	9j4
789�<>;F4678039!;F=6g k�/M=G780@E�;<9!EN;lkm/M=�7R0@E�0<H�789�<Y;F467R039�789�46d:/1/	;F=�5Rg* &9!7�-</M=GfQ/ r fQ/M/�,z� , - , ,346d:/9D@2!789S4Q/	f6fQ/	9S4678;<5
789�<>;F4678039!;F=6g K�0�E:/	58f`0<H9J*/MH &cª « 0 ¬>* & � f[=6/<$3;F=GE!f[46d:/Wk�0<4Q/	9S4678;<5�,�3�/q?Gd!0S03fQ/q4Q0 3I0<=M�O3*7R46dp46d:/
/X©@k�039:/	9S4678;<5�HJ0<=GK ª «�¼�¬ �

) r '�* / E W{ /X©�k r @�� 'IB E�{ * : r Á &ÇÀ M *
039:/�0<H 46d:/Df678KNk>5R/	fQ4�/X©�;<K�kY5R/	fI0<H k�0<4Q/	9j4678;<5!3*d>78?Gd[?M;<9[5R/	;<E`4Q0N;<9[;F4Q4Q=G;<?A4Q0<=&fQ035C2:467R039 ,@fQ/	5RH �P462!9!789%$
46d:/h?A039S4Q=G7[¶>2!467R039q0<HX't4Q0�46d:/N/	9!/M=T$<g]E:/	9!f6784xgn4Q0_46d:/ �D¶Y;<?M� $<=6032!9!E��_?A039j4Q=G7Q¶>2:467R039!fP, ? ,t� , ,�7C9q032:=
?M;<fQ/�,�=G;<E!78;F467R039zk>582>fhKN;F4Q4Q/M= & 1q/ 3&78585*f6/	5R/	?A4[=6/<$37R039!f[789z46d:/nk>;F=G;<K�/M4Q/M=�fQkY;<?A/W7C9 3*d>78?Gdz46d:/
;F4Q4Q=G;<?A4Q0<=�78fD=6/	;<?�d:/	E ,�f60�46d!;F443I/NE:/	;<5 3*7846dq;���2!789S4Q/	f6fQ/	9>?A/NK�0@E!/	5ik>58;	g�789%$e;�Kh;<789qE:g�9!;<KN78?M;<5
=��035R/�789n46d:/�=6/	?A/	9S4�kY;<fQ4K· ;<?A462!;<5858g�46d:/�f678K�kY5R/ HJ0<=GK HO0<=�46d:/�k�0<4Q/	9S4678;<5 3�/�k>7C?M�</	EW78f�9:0<4=$<03789%$[4Q0
$37.-</D46d:/�¶�/	d!;P-�7R0<=#0<H /10 0�¶>f6/M=T-</	E[4Q0@E>;	g r 46d:/lfQ03582:4678039`?A0391-</M=T$</	f*4Q0�46d:/lf6;<K�/�/ED@2!;F467R039[0<HifQ46;F4Q/
;<f�46d:/c5C;F=T$</	fQ4�¶>;<?M� $<=6032!9>ET?A03K�k�039:/	9S4 * , d:0D3�/<-</M=lf65C7.$3dj4�K�0�E!7[�>?M;F467R039>f*4Q0[7R4�?M;<9n7C9j4Q=60�E!2!?A/�46d:/
=G7.$3dS4&f6?M;<5C789%$%,Yf6/M/�, �',.-/,�,DJ1/MH0&Hª «�À ,T« Á ¬1& � 9T46d:/ 0<46d:/M=Dd!;<9>E , 3I/c?�d:/	?M�</	Eq7C9_;XHO/<3.4Q/	fQ4�?M;<fQ/	f�46d!;F446d!78f�f65C7.$3dj4�=6/	fGdS2��X789%$W0<H&46d!/�k�0<4Q/	9j4678;<5#?M;<9Å¶�/[7C9j4Q=60�E!2!?A/	E 3&7R46d:032:4 -F;F=6g@7C9%$]f67.$39!7Q�>?M;<9j4658g]46d:/
E:g�9!;<KN78?Mf�0<H 46d:/��!/	5CEX789X46d:/�/	;F=G5RgP &9!7�-</M=GfQ/ W ·%3�/D?M;<9[46d:/M=G/MHO0<=6/Df6;FHJ/	5Rgh7�$39:0<=6/�E:/M46;<7858fb789X46d:/D58;F4Q/
4678K�/q¶�/	d!;P-�7R0<=�0<H�46d!/��>/	58E & 71d:/�/X©�k�039:/	9j467C;<5�HJ0<=GK 7R46fQ/	58H�78f�9:0<4D?A=G7R4678?M;<5(HJ0<=D46d:/�=6/	f62!5846f?3I/ 3*78585
k!=6/	fQ/	9S4K·:d:0A3I/<-</M=P,!789h0<=GE:/M=I4Q0�d!;P-</D; -@78;S¶Y5R/1k!=60<4Q0<4 gSk�/�HJ0<= ��2>789j4Q/	fGfQ/	9!?A/�,@039:/�fGd:032!58Eh=6/	fQ4Q=G78?A4I4Q0
fQ/M462:k>f 3*d>78?Gd`;<585R0D3z4Q0�=6/	;<?�d[4Q=G;<?M��789%$�;FHJ4Q/M= $<03789%$c46d:=6032%$3d[;e�@789>;F467R039hkYd!;<fQ/�,:;cHO/	;F462:=G/?3*d>78?Gd`78f
9:0<4�f6d!;F=6/	EF¶SgT;<585 k�0<4Q/	9S4678;<58f?3*d!78?�dTE:0`;<E!KN7R4�;<9W;F4Q4Q=G;<?A4Q0<=lfQ03582:4678039�·YH2:=646d!/M=&/X©:;<K�k>5R/	f&0<H�f62>?Gd
fQ/M462:k>f*;F=6/4$37.-</	9�7C94J1/MH0&�ª « 5�¬1&

71d:/_km03fGf67[¶>785C7R4xg]0<HDd!;A-@7C9%$ ;O��789!;F467R039 =6/<$378K�/&3&7R46dv46d:/T/X©@k�039:/	9S4678;<5#k�0<4Q/	9S4678;<5*789S4Q=60�E!2!?A/	E
;S¶�0A-</ 3b;<f[/X©�;<KN7C9:/	Ez7C9zE:/M46;<7C5"¶@gO"!/M=6=6/	7R=G;U;<9!E
	<0 g@?A/]7C9 J*/MH &�ª z'z�¬·43I/q?M5R03fQ/	5RgzHO0358580A3 46d:/	7R=
;<9!;<5Rg�f678f&d:/M=6/�,Y?�d:0@03f6789%$%,�789�kY;F=64678?M2!58;F=A,!46d:/�f6;<K�/�f6/M4&0<HB789>7R4678;<5 ?A039!E>7R467R039!f+&AC�9�4Q/M=�KNf*0<H * .

,m46d:/
/X©@kY;<9!f67R039[=G;F4Q/�;F4146d:/l/	9!E�0<H(789�<>;F467R039 , 3I/��<©��

) r '����� �K* / À�E Ñ{ * Ñ
. : � '� N ���� 0�� ��� � /8M : ;<9!E /�V r &����� �K* / 0 M 7 $ * W

. · r Á &ÇÀ 0 *
46d:/ /	9!/M=T$<g�f6?M;<5R/cHO0<= *

.
?M;<9F¶m/�789�46d:/�=G;<9%$</-ª 0 M 8 , 0 M '65 ¬ a /�
Æª z'z�¬1&X":0<=D;<9Sg $37.-</	9T?�d:0378?A/c0<HV46d:/

4;3I0XkY;F=G;<K�/M4Q/M=Gf�789e032:=�K�0�E:/	5�,�? , �',#46d:/lkY;F=G;<K�/M4Q/M= � 7C9�46d:/l/X©�k�039:/	9S4678;<5 k�0<4Q/	9S4678;<5 ;<9!E * .
,Y46d:/

fQg�fQ4Q/	K�0<H&E!7[�m/M=6/	9S4678;<5�/EDS2>;F467R039!f r Á &Ç¼9��*�;<9!E r Á &Ç¼'z9*�?M;<9®¶m/`/	;<f67858g fQ035.-</	Ev9@2!K�/M=G7C?M;<585Rg�& � HJ/<3
f6;<K�k>58/`?M;<fQ/	f r fQ/M/�;<58fQ0�J*/MH &�ª z'z�¬>*�;F=6/�fGd:0A3*9v7C9 "i7.$ & Á & 0 ¼ 3&d:/M=6/ 3�/[k>580<4c46d!/e/	9:/M=T$<gtE!/	9!f67R4 g
?A03K�k�039:/	9S46fD;<f�;`H2!9!?A467R039T0<H�46d!/q �9!7.-</M=�fQ/cfG?M;<5R/�H;<?A4Q0<= Ð &��@035878ET58789:/	f&=6/MHJ/M=�4Q0`46d!/�fG2!K 0<HB46d:/
KN;F4Q4Q/M=b;<9!E�=G;<E!7C;F467R039N?A03K�k�039:/	9S4 r 3*7R46dh;<9h;<9<��5R/1;F4�46d!/R-|;<5C2:/ 3*d:/	9�46d!/1HO0<=�K�/M=P,SfG?M;<58789%$l;<f Ð 7 $ ,
46;S�</	f�0A-</M=�46d:/ 58;F4Q4Q/M=A, 3*d>78?Gd�fG?M;<5R/	f*789>fQ4Q/	;<E_;<f Ð 7 W *B·���2!789S4Q/	f6fQ/	9>?A/l/	9:/M=T$<geE:/	9!fG7R4xge?A03K�k�039:/	9S46f
r f6?M;<58789�$T;<f Ð 7 5 789 46d!/X789!784678;<5 ��789!;F467R039 k>d!;<fQ/D* ;F=6/[;<58fQ0TfGd:0A3*9 & � 9U789!?A=G/	;<fQ/`7C9 * .

f6d>7RHO46f 46d:/
789!7R467C;<5#?A039!E!7R467R039>fN4Q0,;td!7�$3d:/M=N4Q/	K�k�/M=G;F462:=G/T;<9!E ,1;F4`46d:/nf6;<K�/n4678K�/�,15R0D3�/M=GfX46d:/W789!7R467C;<5b=G;F467R0

��� J;J��hpQosZ\LUZqVSo�� QI[_PS}4J�k,[_NQV�VSHKJnL�r_YRJUYz[j^�VSHKJ;H �hp�JOP"!�[_osZ\L;LO[4YRZ\TKJ u #%$jx�rjT	k,[j^�VSHKJnYR[ X L�r_o\o\J�k'&)( p�[jVSJUTWVSZ rjo U+*-,/.0,�rjTJ��hp�[_TKJUTWVSZsr_o p�[_VSJUTWVSZsr_o�QzZqVSH rMp�[ QIJGP X osrVQ�pQPSJO^�r_LOVS[jPMu #21gx1�



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

−40 −30 −20 −10 0
Log(a/a0)

−150

−100

−50

0

50

100

150

L
og

(ρ
)

Hi=10
8

Hi=10
10

Hi=10
12

BBN
λ=2.5

−40 −30 −20 −10 0
Log(a/a0)

−150

−100

−50

0

50

100

150

L
og

(ρ
)

λ=2.0
λ=3.0
λ=4.0

BBN Hi=10
11

 GeV

"i7.$32:=6/ Á & 0 ¼��������-.�V<�S/��U�&�X�+� R�� �����S��Vq�H%J)[�$��(�)*�*������%')*!��r�X���&�X!�/6���g�&V<"y)*!��,��)*!����
)[��!y.	���U�&�S"J���+)*!����
)*!&%
�*���,��������V��&!��&(B%�^L"J�&!	�$)*�
^ )*! �*���y����($VW^��u!�)*T��X(��&�na 
����,�&��VW)["dVW)*!��X�,(4� R �&(#�r� �]�	�,��%'� � R �*���,(4�;"�)[���
)[��! ��!�"
�,�������&(Q�&!��&(B%�^,"J�&!	�$)*�
^#/����-.	��!��&!�����Au�]�	�����*���X(N/X%'($T��X�-�r�+�]�	��� %')*!����X�6�&�&!�/��N/���!��
($)��&%'��)[��!	�&a �L��/���!���)[";�X(6�6"
�*���P/��U�&�P� R ��!y� �X.���!��X!���)[��Vn.	���r�&!��
)[��V	��!�"Q�4�	�-(d���X(6� �*���P� �-��/X�?� R TU��($^�)*!&%��]�	�F�B(���.���(4���,�&���X(���)*!y��%'(g�X�&�
%n.
	
	$!��]�	�#V<� R �u.	��!��&V��*�'(4���+�X���P.�V<�,T���VW%��X� R ��(+�]�	�S���X.	��!	�$)[��!�(4���r�S���F�*���\�&!�" � R )*!��F���
)[��!������(6�S/6���U�&�X!�AF)*!
�*����($) %U�h��.���!��&V��]�	�F.���(4���,�&�r�&(��2)*!x�]�	�#� �X.���!��&!��
)[��V'.	���r�&!��
)[��V?)��NT���($)[��";a
/10 B /1H>IKJ � * 7 Ñ. �q46d:/n/X�m/	?A4e78fX0�¶ -@7R032>f65Rg,4Q0v;<9j4678?M78k>;F4Q/T46d!/_=G;<E!7C;F467R039zE!03KN789!;F4Q/	Ezk>d!;<fQ/n;<9!E46d:/h4Q=�;<?���789%$_kYd!;<fQ/�& � 9 789>?A=6/	;<fQ/X7C9 � KN;��</	fc46d:/hk�0<4Q/	9S4678;<5IfQ4Q/M/Mk�/M=P,Vd:/	9!?A/MHJ0<=646d]46d:/���789!;F467R039
k>d!;<fQ/ 4Q0X58;<fQ4�5R039%$</M=h·YHO=G03K 46d:/lk�03789S410<H -�7R/<3 0<HV46d:/�/	;F=G5Rg[4678K�/c¶m/	d>;P-�7R0<=P,!46d:/M=G/�78f @62!fQ4&;hf6587�$3dj4
E:/	?A=6/	;<fQ/`0<H#46d:/`9:0<=GKN;<587 �	;F467R039q0<H /10 789q46d!/���789!;F467R039 k>d!;<fQ/hE>2:/N4Q0W; D@2!78?��</M=c4Q=G;<9!fG7R467R039qHJ=603K
46d:/�789!7R4678;<5>?A039!E!7R467R039 r 3*7R46d 'e;F4b=6/	f64 *�7C9j4Q0c46d:/�HJ;<fQ4I=603585C789%$lk>d>;<fQ/ r HJ0<=b46d!78fIfQk�/	?M7��>?*km0<4Q/	9S4678;<5Y46d:/
9:0<=GKN;<5C7��	;F467R039�0<H / 0 ;F4�4Q=�;<?���789%$�fG?M;<5R/	f�789>fQ4Q/	;<Eh;<f 0 B � Ñ ª z'z�¬ ,s¶Y2:4<,S;<f�;<5R=6/	;<E:g�K�/	9S467R039:/	E ,13�/�?M;<99:/<$35R/	?A4*d!/M=6/D46d:/ E:/M46;<7C58f#789[46d:/ 5C;F4Q/l4678K�/�¶�/	d!;A-@7R0<=#0<H / 0 * &C�9	"i7.$ & Á & 0 À:3I/�f6d!0A3.46d:/ =6/<$378039_0<HV46d:/�k>;F=G;<K�/M4Q/M=DfQkY;<?A/�*

.
-</M=GfG2!f � 3*d>78?GdT78f*?A03K�kY;F467[¶>5R/

3*7R46d�46d:/&5878KN7R46fiHJ=603K Â�Â:M�& 71d:/15C;F4Q4Q/M=�;F=6/10<HJ4Q/	9N=G/Mkm0<=G4Q/	EN789�4Q/M=GKhfV0<H�¶m032>9!E!f(039N46d:/*/X©@4Q=G;l=6/	58;K�
467.-�78fQ4678?#E:/<$<=G/M/	fB0<H�HO=G/M/	E:03K =�� ��� ;F4_Â�Â:MB,13*d!78?�dNKN;	gq¶�/14Q=G;<9>f658;F4Q/	Eh7C9�;<9h2:k!k�/M= ¶�032!9!E�039h46d:/HO=�;<?A467R0392| 0 ? /10 B /1V = M L10 HJ0<= =�� ��� Î 0FL M & C�9e46d:/ E!;F=��`f6d>;<E:/	Ee=6/<$37R039�46d:/(��2!7C9j4Q/	f6f6/	9!?A/��!/	58E
k!=60�E!2!?A/	fI;�?A039S4Q=G7[¶Y2:467R039N4Q0�46d:/�/	9:/M=T$<gXE:/	9!f67R4 gh;F4 0 �_/�
 3*d>78?GdX/X©�?A/M/	E>fb46d:/�f646;F4Q/	Ee?A039!fQ4Q=G;<789S4+&C 9�46d:/l5R0A3I/M=*kY;F=64#0<Hi46d:/���$32:=6/D46d>78f#d!;Fk!k�/	9!f�¶�/	?M;<2!fQ/D46d!/('��!/	58Ee78f#fQ467C585$789[46d:/���789!;F467R039[kYd!;<fQ/�,
;<9!EN/X©:?A/M/	E!fI46d:/"¶m032>9!Ex| 0 = M L10 ;F4�46d:/*4678KN/*0<H¸Â�Â:Mc·�789�46d:/�2:k!k�/M=��x5R/MHJ4Vk>;F=64<,�789!f64Q/	;<E ,j46d:/��!/	58E78f1;<5R=G/	;<E:g`7C9e46d:/ ;F4Q4Q=G;<?A4Q0<=�fQ03582!467R039�;F4 0 ��/�
(,>;<9!ET;�$3;<789 -�7R0358;F4Q/	f146d!/cÂ�Â2M ¶�032!9>E & 71d:/l587�$3dj4
f6d!;<E:/	E�=6/<$37R039�789>E!78?M;F4Q/	f<,:039_46d:/D0<46d:/M=&d>;<9!E ,:46d:/ ?M;<f6/	f&789 3&d!78?Gd[46d!/l=G;F467R0�¶�/M4 3�/M/	9 /10 ;<9>Ee46d:/¶>;<?�� $<=6032!9>Ee?A03K�k�039:/	9j46fR$</M46f#0A-</M=G58g`E!;<KNkm/	E�,@fQ0�46d>;F4#4Q=G;<?���789%$�E:0@/	f#9:0<4#46;��</lk>5C;<?A/�¶�/MHJ0<=6/�46d:/
k!=6/	fQ/	9S4#/Mk�0@?�d r CS¹�� " $ * C-C3� ?BA/- $ C G.�:� ? CFA+$ *B·d¶�0<46de46d!78f#?M;<fQ/	f&;F=6/ E!7CfQ=6/<$3;F=GE:/	Ee7C9[46d:/lk!=6/	f6/	9j4 3I0<=��!&
������#" �	�/& (42�� 5	5�� ('* � - (5� ( � ��2���-!$�&�(/)��%-!� �"! -32 2����
J1/Mk>d!=G;<f6789%$X46d:/�E:/	9!f67R4 g�/<-<03582:4678039T/ED@2!;F467R039n0<H�N D & r Á &ÇÀ9*�789T4Q/M=GKNf�0<H�# / ( B � ,�3*d:/M=6/ � 78f&46d:/
/	9j4Q=G0<kSgqE:/	9!fG7R4xg�,(;<fl;eH2!9!?A467R039W0<Hb46d:/N=�;F467R0�¶�/M4;3I/M/	9]46d:/NkY;F=64678?M5R/�KN;<f6f�;<9!Eq46d:/�4Q/	KNkm/M=�;F462:=6/�,
$ / .�B & ,!039:/�$</M46f&46d:/D/EDS2>;F467R039 � #� $ / �������� "!À * � �� $ % # Ñ @ # Ñ�#)'& : r Á &ÇÀ�¼9*



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

2 3 4 5 6 7 8
 λ

10
8

10
9

10
10

10
11

10
12

10
13

10
14

10
15

H
i (

G
eV

)

Overshooting

Excluded by BBN

Excluded by BBN

"i7.$32:=6/ Á & 0 À������ %�)[��! � R �]�	� .	��(4���S�&�r�&(P�
.��J/��  � T��&(���%h��� (?�')[/6�Y)��Q���h/XV %�"J��" �&^`�]�	��VW)*�#)*��� R (4��� �$����!�"J��(6"�X) % ����!&%�!�%�/&V<���U�$^�!��*���$�$)��&a	��V �&�y)*!�"�)[/�������"Y)��`�*���#(4� %�)[��! (?�	�&(4�#�*���+(4���
)[� ��%')*!��r�X���&�X!�/6�,�&!��&(B%J^Y"J�&!	�$)*�
^y���
���J/�� %J(4��%'!�"d�&!��&(B%�^d";�X!���)*�
^ %;�&���,��� /�����"�)*!F%�VW^��$�S��V*Vg��!�"��
(4�J/���)*!F%x";�j�X�#!����P���j�;�Q.�V<�J/��'��� R ��(4�S�]�	�N.�(4�X�&�X!��
�r.��n/6��a

3*d!78?�de?M;<9$¶�/�=6/	?M;<fQ4�;<f
$# �#) � #� $ / �

*
$À � � �� $ " # Ñ# Ñ� ) @ 0 & Î @ �* " # Ñ# Ñ�#) @ 0 & : r Á &ÇÀ�À9*

3*d:/M=6/�46d:/ = �035R/	f*0<H�46d:/�;<9!9>78d!7858;F4678039[=G;F4Q/c� ? ( � ) ������� %! ;<9!E�0<H�46d:/ /X©�k>;<9!f678039_=G;F4Q/�*�¶�/	?A03K�/
K�0<=6/e4Q=G;<9>fQk>;F=6/	9S4�� 3*d:/	9v�;B * � 0 ,�46d!/M=GKN;<5b/ED@2!78587[¶>=G782!K d!0358E!f<,B46d>;F4N78f�# Î # �#) , 3*d!785R/[78946d:/_0<k>km03fG7R4Q/�=6/<$378KN/�# � ) � # & � f`;]=G2!58/!�P0<H �P46d@2!Ke¶�,b46d:/_HJ=6/M/��M/!�P032:4`0@?M?M2!=Gf#3&d:/	9v46d:/T=G;F467R0
�nB * � 0 & � 9,789!?A=6/	;<f6/`789 �����#�� %! g�7R/	58E!f�;nE!/	?A=6/	;<fQ/e789t46d:/[HO=6/M/��M/!�P032!4c4Q/	KNkm/M=�;F462:=6/�& � 9t46d:/
0<46d:/M= d!;<9>E , ;<fD;<5R=6/	;<E:gnK�/	9S467R039:/	E , ;<9>E �!=GfQ4D9:0<4678?A/	Eg¶@g �:;<58;F467�ª z 5�¬ ,�7RH53�/N7C9!?A=6/	;<fQ/ * ;<E!E!789%$
;<9N/X©�4Q=G; ?A03KNkm039!/	9j4B039h4Q0<kh0<H$46d:/*=G;<E!78;F467R039h?A03K�k�039:/	9j4<,@f62!?�dh;<f�7C9�46d:/,D@2!789S4Q/	f6fQ/	9S4678;<5:f6?A/	9>;F=G7R0
032:4658789!/	En7C9W46d:/�k!=6/<-�7R032!fDfQ/	?A4678039 , 46d:/�HJ=6/M/��M/!�P032:4�46;��</	flk>5C;<?A/h;F4l58;F=T$</M=l4Q/	KNkm/M=�;F462:=6/	f<,(;<9!EW46d:/
46d:/M=GKN;<5�=6/	587C?NE:/	9!f6784xg]?M;<9�¶�/`f6d>;F=6k>5Rg � A+* ,FA	._� � & N -</	9,;nK�0�E:/	fQ4�fGd!7RHJ4�789 &$^Td!;<f�;TE!=G;<KN;F4678?
/X�m/	?A4<,!3*7R46d[46d!/�789!?A=G/	;<fQ/l789e46d:/ =6/	5878?DE:/	9>f67R4xg`0<Hi4xg@k>78?M;<5 ��;F=�� �T;F4Q4Q/M=�?M;<9!E!78E!;F4Q/	fX3*d!78?�d�?M;<9$¶�/
0<H�fQ/<-</M=G;<5(0<=GE!/M=Gf10<H�Kh;�$39!7R462!E:/'�b46d!7Cf&78f&E!2:/�4Q0X46d:/cH;<?A4&46d!;F4�46d:/c46d:/M=GKN;<5�/ED@2!78587[¶>=G782!K 9@2!Kc¶�/M=
E:/	9!f6784xg[f6?M;<5R/	f*��� � CFAI� A>� ? ,FG)G � 3*7R46d[46d:/D4Q/	K�k�/M=G;F462!=6/�,�? , �', ( �#) � r . &=* $ v Ñ /X©�k r @ .�B &=* &

7�0�¶�/M4Q4Q/M=9DS2>;<9j467RHJg`46d:/D/	9!d!;<9!?A/	KN/	9j4<,!=�;F46d:/M=146d!;<9�7C9j4Q=60�E!2!?M7C9%$c;hf678K�k>5C7��!/	EN4Q0 g �xKN0@E:/	5�;<9!E
E:/M=G7.-�789%$�;<9N;Fk!k!=G0h©:78KN;F4Q/#fQ03582:4678039�4Q0�ÂI035R4*�	Kh;<9!9�/EDS2>;F467R039N;<fVE:039:/#789 J*/MH &�ª z 5�¬ ,13�/1789S4Q/M=6H;<?A/#46d:/
/X©@kY;<9!f67R039n=G;F4Q/�0<H�46d!/q �9!7.-</M=�fQ/ * 3I/�d>;P-</NE:/M=G7�-</	En7C9T46d!/:�D2!789S4Q/	f6fQ/	9!?A/�f6?Gd!/	K�/NE:/	f6?A=G7Q¶m/	En789
�@/	? &�¼�789S4Q0�46d:/D;<?M?M2:=G;F4Q/ 9@2!K�/M=G7C?M;<5mf603582:467R039`0<HHÂ�03584*�	KN;<9!9[/ED@2!;F467R039e789!?M5C2!E:/	E`789`46d:/.��� �����	�����
fQ0<HJ4;3b;F=6/�k>;<?��F;�$</�ª 5�¼ , ���1, z � ¬1& ":0<=#;<9Sg:$37.-</	9[fQ/M4I0<H 789!7R4678;<5>?A039!E!7R467R039>f�789h46d:/&/	;F=�5Rg� &9>7.-</M=GfQ/�,�;<9!E
HO0<=I;<9jghk>;F=64678?M5R/#kYdjg�f678?Mf�fQ/M462:k#3&7R46d:$37.-</	9XKN;<f6fIfQk�/	?A4Q=G2!K ;<9!ENk>;F=G4678?M5R/*?A032:kY58789%$3f<,�3I/�d!;P-</�46d:/	9
;h4Q0@035�4Q0[?A03KNk>2:4Q/+1 C0� + =6/	5C78? ;S¶>2>9!E!;<9!?A/	fX3*7R46d_;<9W;<?M?M2:=�;<?Ag�0<HB46d:/c0<=GE:/M=�0<H 0 ��, ? ,t� ,�;F4�46d:/
k!=6/	?M78fG7R039e5R/<-</	5$0<Hi2:k$?A03KN789%$�K�/	;<fG2:=6/	K�/	9S46f#0<HP| L &

1q/ ?�d:0S03f6/ ;<f1789!E>78?M;F4Q0<=b0<H�46d:/D/	9>d!;<9!?A/	K�/	9S4#k!=60�E!2!?A/	E¨¶@g`; D@2!789S4Q/	f6fQ/	9S4678;<5�?A03f6K�035R0�$<g[039S4Q0
46d:/ 9:/	2!4Q=G;<58789:0c=6/	587C?�E!/	9!f67R4 gX46d:/*DS2!;<9S467R4 g

= | ? |�� @ || : r Á &ÇÀ Á *



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

2 2.5 3 3.5 4 4.5 5
λ

10
−2

10
0

10
2

10
4

10
6

∆Ω
Hi=10

9
 GeV

Hi=10
10

 GeV
Hi=10

11
 GeV

Hi=10
12

 GeV

"i7.$32:=6/ Á & 0 Á �	��V*V<�@(���"y(4� %�)[��!���!�"S)��&�-, ��N/&%'($TU�X��)*!x�]�	� ����k � ��Q.�Vq��!��na 
��	�,"J��(4�9�&VW%��`(4� %�)[��!e";�j�X��!����
R %'V � V*V�������/���!��$��(4��)*!�����A (?�')*V<� )*!,�*����VW) %U�h���&VW%����n��!���!�����(6�J/���)*!F%Q�r�n�J�X�p.�V<�J/�� ��� R ��(4��!��@(��J";��^U�P/��U�$�,��V<� %�)[/���V
��)*�S�X��� �
	J> ���� �,��B��<D 
��Ja � �#�4���@( (�)*�*�4����V<"�VW)*!��X�,�*���\/X%'($T��X� (�)*�*���*���#�&���S�  � 7 8jK���kS8jK 1 O kS8jK 161 ��!�"
8jK 1 5 a ��V �&�S�����@(�!�A�)*!e";���
�r��"SV )*!��X�6A /X%'($T��$�`�������X%���V � � 
;C ���<B������������C����qD 
 R (6���0�*���U�&��)*! ����V<"yVW)*!��X��A�� � >��u���
��(4��%'!�"Y�Ja  ��A �ha J�UA"!;a�# ����!�"%$�a�!;�y�
)*�,�X���*����%n.;.	�&( ����V<"\VW)*!��  � a

| - Ñ ¶�/	789�$�46d:/ 9:/	2:4Q=�;<58789:0�=6/	587C?�E!/	9!f67R4 g`789_;N?A03f6K�035R0�$<g ##?� * C �:�
��2!789S4Q/	f6fQ/	9!?A/ r f646;<9!E!;F=GET?M;<fQ/D* ,
;<9!E | � - Ñ 46d!;F4 ##?� * ��2>789j4Q/	fGfQ/	9!?A/�& C�9 "i7.$ & Á & 0 Á 3�/nf6d:0A3�; �!=GfQ4�/X©:;<K�k>58/e0<H�d!0A3�5C;F=T$</�;<9
/	9!d!;<9!?A/	KN/	9j4 3I/D?M;<9e0�¶!46;<789[789`032:=?��2>789j4Q/	fGfQ/	9!?A/�fQ/M462:k &mC�9[46d:/ r � , = |X*VkY58;<9:/�, 3�/DkY5R0<4I?M2!=T-</	f
;F4���©@/	E �&2�¶�¶>5R/l=�;F4Q/c;F4�46d:/c/	9!E_0<H�789�<>;F467R039 * . ·$789_46d!78f���$32:=6/ 3�/�d!;A-</�HJ0@?M2>f6fQ/	ET039n;`fQk�/	?M7��>?
9:/	2:4Q=G;<5C789:0 ��;F=�� �T;F4Q4Q/M=�?M;<9!E!78E!;F4Q/�,(fQ/	5R/	?A46789�$e46d:/�k�03789j4D789W46d!/> � G 8�=6/<$37R039]0<HIKN7C9!78KN;<5if62:k�/M=��
$<=G;P-�7R4 g`E:/ �Y9:/	E¨¶SgN46d!/�fG2:k�/M=GfQg�KNK�/M4Q=G78?*k>;F=G;<K�/M4Q/M=�f r fQ/M/4N D & r À & 0�0 * *RE ' v Ñ / ¼�À M�M a /�
 : .'& /À M�M�M a /�
 : 46;<9�´ / Á 5 : w�& / M ;<9!E)(+* M &81p7846dUfG2!?GdU?Gd:037C?A/�3I/e;P-<0378E�,VHO0<=�46d:/[K�03K�/	9S4<,
?A03;<9!9!78d>7858;F467R039[=6/<$378039!f10<=&=6/	fQ039!;<9!?A/	fP,Y;<9!ET?A039!f678E:/M=*46d:/ ?M;<fQ/c0<HV;hd:/	;A-Sg r , 7C9:0	�x587��</D*I9:/	2!4Q=G;<58789:0
r . 3 ) 0 7�/�
 * ,#HO0<=U3*d!78?�dv46d:/�/	9>d!;<9!?A/	K�/	9S4h/.-�/	?A46f[;F=6/_KN;0/:78KN7��M/	E �_;<f#3I/	3&78585bE!78f6?M2>f6fN789
E:/M46;<785 , /	5R0D34,(46d:/hd:/	;A-@7R/M=c46d:/NHJ=6/M/��	789�$	�P032:4 k>;F=G4678?M5R/�, 46d!/X58;F=T$</M=�46d:/ �D2!789S4Q/	f6fQ/	9!?A/!�P4Q0	�P=G;<E>78;F467R039
=G;F467R0[;F4&HJ=6/M/��M/!�P032:4D;<9!ET46d:/M=6/MHJ0<=6/c46d:/�5C;F=T$</M= = | & 71d!/�f6d!;<E>789%$3f*7C9�46d:/ ��$32:=6/ =6/Mk!=60�E!2!?A/�46d:03fQ/
0<H5"i7.$ &21 & 0�3 �DE!;F=�� , 5C2:/�?A0<=6=G/	fQk�039!E!f&4Q0[;[f6?A/	9>;F=G7R0`=G2!5R/	ET032:4 , g5464:M ?A039!fQ4Q=G;<789S46f<, 3*d>785R/ 587�$3dj4
, 582:/&789!E!78?M;F4Q/	f�0A-</M=GfGd:0S0<467C9%$ r ? ,t� ,@4Q=G;<?��@7C9%$c7Cf�9:0<4b;<?Gd!78/<-</	E`;F4b?M2:=6=G/	9j4I?A03f6K�035R0�$378?M;<5m4678KN/	f * & 71d:/
58;F=T$</	fQ4�/	9!d>;<9!?A/	K�/	9S4l;<585R0A3I/	Eq78f�0<H�46d!/�0<=GE:/M=�0<H 0 M 5 ;<9!EW7R4D78f�; , 032:4�46d:/�58;F=T$</	f64D/	9!d!;<9!?A/	K�/	9S43�/�?M;<9 $</M4=3*7R46d_; 1 C�� + 0<H�KN;<f6f�f6KN;<5C5R/M=*46d!;<9 0 7 /�
�& ��0<=6/M0D-</M=P,�3I/cf6/M/�46d!;F4�46d:/�KN789!7CK�2!K-|;F=�78;F467R039!f 3I/�;F=G/�fQ/	9>f67R467.-</�4Q0%,!9!;<K�/	5Rgh/	9!d!;<9!?A/	K�/	9S46fb0<H 46d!/&0<=GE!/M=I0<H 0 ��,�0@?M?M2!=#HO0<= *

.
fG587.$3dS465Rg

; , 0A-</ 0 M '�7 & 7*d!78fl78fl46d:/X587CKN7R4D;F=6032!9!E 3*d!78?�d ,�789 46d:/Nk!=G0@?A/	f6f 0<H1E:/	?A032:k>5C789%$[0<H1; 1 C�� + 3*7R46d
KN;<f6f , /	5R0D3 0 7�/�
 , 3�/ ;F=G/l9:0<4*fQ/	9!fG7R467.-</D4Q0N46d:/Dk>=6/	fQ/	9!?A/l0<Hi;���789!;F467R039[kYd!;<fQ/l;<9Sg[58039%$</M= &

� fB;l58;<fQ4V=G/	KN;F=��c039:"i7.$ &81 & 0 1%,13I/*?A03KNKN/	9j4B039N46d:/1f6d!;Fk�/#0<Hm46d:/178fQ0	� * .
?M2:=T-</	f�;F4�5R0A3 � �(46d:/

; , =G2:k>4(=�;<78fQ/*789 = |v78fVE!2:/#4Q0�46d:/1H;<?A4B46d!;F4B4Q=�;<?���789%$l46;��</	f�k>58;<?A/�,@;F4�5R0A3 � ,@;<fBfQ0@039h;<f /10:9 /1H>IKJ ,
3*7R46d:032!4I;<9[0D-</M=Gf6d:0@0<46789%$�k�/M=G7R0�E#3&d:/M=6/ /10 � /�HSIKJ & 71d>78fI0<H�?A032:=Gf6/�g�7R/	58E>f�;�58;F=T$</lD@2!789S4Q/	f6fQ/	9S4678;<5
?A039j4Q=�7 , 2:467R039 4Q0 * ;F4�;<585B467CK�/Xf6?M;<58/	f =6/	58/<-|;<9S4�4Q0n9:/	2:4Q=G;<5C789:0�HJ=6/M/��M/!�P032:4<,B?A039S4Q=G;F=6g]4Q0n46d:/`?M;<fQ/
3*d:/M=6/�;<9n0A-</M=GfGd:0S0<467C9%$ r / 0 � /1H>IKJ **46;��</	f�k>58;<?A/�& �*0D3�/<-</M=A, 46d:/	fQ/�f62!E>E:/	9�=G7CfQ/	f&7C9 = | d!;Fk!k�/	9
789�46d:/*=6/<$37R039�/./:?M582!E:/	E , g;4�4:MZ?A039!fQ4Q=G;<789S46f<,@;<fB46d:/14Q=�;<?���789%$lk>d>;<fQ/*?M;<9!9:0<4�;Fk!k�/	;F= , /MHO0<=G/<464:M�&
J1/ @Q/	?A46789%$�46d:/	f6/l?M;<fQ/	f<, 3I/��>9!E�,@;<f#/./�k�/	?A4Q/	E ,!46d!;F41;<5C5$58;F=T$</D/	9!d!;<?A/	KN/	9j46f*46;��</lk>58;<?A/DHJ0<=*K�0�E:/	58f
789 3*d!78?�dn46d:/��!/	58E ' 78f�789W; �@789>;F467R039nk>d!;<fQ/�, / 0 �>= 7 5 & C 4D;Fk!k�/	;F=Gf�46d!/	9q9!;F462:=G;<5�,�=G;F46d!/M=l46d!;<9fQ/	;F=G?�d!789%$eHJ0<= ;ek>;F=�;<K�/M4Q=G7��	;F467R039]0<H = | ;<f ;[H2!9!?A467R039W0<H � ;<9!E * .

, 4Q0_789S4Q=60�E!2!?A/�46d:/�=G/	58;F467.-</



������� ���	������� 
� � ����������������� ��� ��� � �	���	�
��� �������
 ���������	����D� � �

10
−12

10
−9

10
−6

10
−3

10
0

10
3

T (GeV)

10
−10

10
−5

10
0

10
5

10
10

10
15

ρ φ/ρ
ra

d

Hi=10
9
 GeV

Hi=10
10

 GeV
Hi=10

11
 GeV

Hi=10
12

 GeV

10
−12

10
−9

10
−6

10
−3

10
0

10
3

T (GeV)

10
−15

10
−10

10
−5

10
0

10
5

10
10

10
15

ρ φ/ρ
ra

d

λ=2.5
λ=3.0
λ=3.5
λ=4.0

Hi=10
11 GeV

λ=3.0

"i7.$32:=6/:1 & 0 5�� ������������������� �� !��"��#�%$&$'�%")(*�+�'"��',B%�-/.0�'"	$1���
-2�3�4�5�	�+,6�7.8����������"9�'"��',B%0-�.7�%"�$&���
-��8$+�:�& !"�('������"
���;�3�'<>=��%,*�8�
 !,6�1?	�%��,@�>�%� (A$'�8<�=�BC�D(&�	�8��(&�%$@���;�5�	�E=��8,6��<@�3�%,&$��F�8"). ��*G

9:0<=GKN;<5C7��	;F467R039X0<H /10 ;<9!E /�HSIKJ ;F4#; $37.-</	9[4Q/	K�k�/M=G;F462:=6/�;<fI46d:/�f6789%$35R/&=6/	5R/<-F;<9j4bk>;F=�;<K�/M4Q/M= &#1q/DE:0
9:0<41d!;A-</ 46d:/DHJ=6/M/	E:03K 4Q0X?Gd:0@03fQ/ f62>?Gde4Q/	K�k�/M=G;F462!=6/l;<f15R0D3 ;<f<,!f6;ug�,>46d:/ 4�4:M f6?M;<5R/ & 9 0 ��/�
(,
;<f*7R4&78f19:0<4*2>9S2!fG2!;<5�HO0<=&46d:/ �!/	5CE�'T4Q0 , /�,!;F4*46d>78f#4Q/	K�k�/M=G;F462:=G/�,>789�7R46f14Q=G;<9!f67R/	9S41k>d>;<fQ/ , /M4;3I/M/	9�@7C9!;F467R039[;<9!Ee4Q=G;<?��@7C9%$ r 46d!78f#78fI4Q=G2!/D/<-</	9eHO0<=*032:=?��2!789S4Q/	f6fQ/	9>?A/�KN0@E:/	5$7C9U3&d!78?Gd[46d!/D4Q=G;<9!f67R/	9S4#78f
;<5.3b;	g�fX-</M=6gef6d>;F=6k�,�3*7846d�' , /	d!;P-�789%$N5C7��</l;h?A03f6KN035R0�$378?M;<5(?A039!fQ46;<9S48HmK�0<=G/B$</	9:/M=G7C?lK�0�E:/	58f1;<58580A3
HO0<=IfQ0<HJ4Q/M=I;<9!EXK�0<=6/�?A03K�k>5878?M;F4Q/	Eh4Q=G;<9!f678/	9j46f * &#71d>78fB78f�78K�k>587C?M7R4(7C9:"i7.$ &�1 & 0�I ;<9!Eh7C58582!fQ4Q=�;F4Q/	E�K�0<=6/E!7R=6/	?A4658gU789 "i7.$ & 1 & 0 5 ,R3*d:/M=6/e46d!/�=G;F467R0 / 0 B /�HSIKJ 78f�kY5R0<4Q4Q/	E -</M=Gf62>fN46d:/�4Q/	KNkm/M=�;F462:=6/�HJ0<=h;]HJ/<3
f6;<K�k>58/l?Gd:0378?A/	f&0<HV46d:/lkY;F=G;<K�/M4Q/M=Gf � ;<9!E *

.
�I7C9e46d:/ ��789!;F467R039�k>d!;<fQ/l46d>78f#=G;F467R0Xf6?M;<5R/	f�9:/	;F=G5Rg[;<f& 7 r , /	d!;A-@78032:=&0<H�;<585�?M2!=T-</	f�HO0<=�46d:/�58;F=T$</	f64&4Q/	K�k�/M=G;F462!=6/	f�E!78fQk>5C;	g�* , 2:4�46d!78f�78f�9:0<4�9!/	?A/	f6fQ/M=G;<5Rg

4Q=G2:/l;F4 0 ��/�
�&C�9e0<=GE:/M=&4Q0 D@2!;<9j4678HOg`46d:/�;<KN032!9j4*0<H �D2!789S4Q/	f6fQ/	9!?A/l=G/	5R/<-|;<9S4*HJ0<=146d:/c9:/	2:4Q=G;<5C789:0�=6/	5878?DE!/	9!f67R4 g
/	9!d!;<9!?A/	KN/	9j4<,�3I/ ?�d:0S03f6/l4Q0h=6/	f60<=64#4Q0N46d:/lkY;F=G;<K�/M4Q/M=��

J 0 ? / 0
/1H>IKJ / &@KML^ 1 r 1 & 3 59*

3*d:/M=6/X3�/*E!/ �>9:/	E & KMLN�O P*O ;<fB46d!/*4Q/	K�k�/M=G;F462:=G/10<H$9:/	2:4Q=G;<587C9:0�HO=6/M/��M/!�P032!4I789h; , fQ/	9!?A/10<HC�D2!789S4Q/	f6fQ/	9!?A/
r 3�/D2!f6/�d!/M=6/&46d!/�?A0391-</	9S467R039[46d!;F4#46d:/�HO=G/M/��M/!�P032:4#4Q/	K�k�/M=G;F462:=6/D78f�46d:/�4Q/	K�k�/M=G;F462:=G/�;F4 3*d>78?GdX46d:/
; , 2!9!E>;<9!?A/b0<HY46d:/#=G/	5878?bfQk�/	?M7R/	fV78f 5 M�Q 5C;F=T$</M=B46d!;<9�46d:/#/ED@2!785C7 , =G782>K -|;<5C2:/�,j;<fB?A03K�kY2:4Q/	E�HJ=603K 46d:/
HJ2>585�9S2!KN/M=G78?M;<5$fQ03582!467R039`0<H(46d!/lE:/	9!f67R4 gh/<-<03582!467R039e/ED@2!;F467R039 * &�R?-<0378E!7C9%$�46d:/l=6/MHJ/M=6/	9!?A/D4Q0h;hf6789%$35R/
?A03f6K�035R0�$37C?M;<5�4Q/	KNkm/M=�;F462:=6/�,�46d:/ck>;F=G;<K�/M4Q/M= J 0 /	9j46;<785Cf�;`9:/	;F=G58g�K�0@E!/	5��x789!E:/Mk�/	9!E!/	9j4#/	fQ467CKN;F4Q/�0<H
46d:/�=6/	5R/<-F;<9j4b;<K�032!9S4�0<H
��2!789S4Q/	f6fQ/	9!?A/�&mC�9X0<=GE:/M=I4Q0�d>;P-</D; =G032%$3dh/	f64678KN;F4Q/�0<H 46d!78f�/.-�/	?A4<,%3�/�?M;<9
?A039!f678E!/M=#46d:/ � � 3I;A-</ /./�k>;<9!f67R039[0<H N D & r 1 & ��* ,m0 , 46;<789!7C9%$

S / / 3 r & &P*
/�T / . 3 ( r & &P*

/�T 9
. 3 ( � ) r & ^�* � r & &A*

/�T � r &$^�* 9
. 3 � r & &A*
/�T � r & ^�* * r &$^�*�����#�$ %! : r 1 & 3)� *

3*d:/M=6/D789`46d:/D46d>7R=GE[fQ4Q/Mk&3I/l789S4Q=60@E>2!?A/	E`46d:/D;Fk!k!=60�/�78Kh;F467R039[46d!;F4 # r & &A* 9 # �#) r &$^�* ,%3&d!785R/�789`46d:/58;<fQ4 fQ4Q/Mk 3�/�;<f6f62!K�/	El46d!;F4 46d:/BHJ=6/M/��M/!�P032:4�4Q/	K�k�/M=G;F462:=6/B7Cf�U �#V�Aa�%U , g�46d:/B=G/	58;F467R039l� r &$^9* / * r & ^�* &



������� ���	������� 
� � ����������������� ��� ��� � �	���	�
��� �������
 ���������	����D� � �

10
−1

10
0

10
1

10
2

ξφ

10
−2

10
−1

10
0

10
1

∆Ω

mχ=200 GeV
mχ=500 GeV
mχ=750 GeV
mχ=1000 GeV

tanβ=45, µ>0

∆mA = 45%

0 25000 50000 75000 500000
ξφ

0

25

50

75

100

∆Ω

mχ=200 GeV
mχ=500 GeV
mχ=750 GeV
mχ=1000 GeV

tanβ=45, µ>0

∆mA = 45%

"i7.$32:=6/ 1 & 0 � � 
)�	��,6�'B ��(+.0�'"	$1����-4�'" ���8"�(&�'<D�'"�� �  �8$;���& !"�('������" ��� �5�	���  !��"��#�%$&$%�'"�(&� ,3�#�-,3,6�0.����8�
���8" ,*�8�
���
�8�E")�% !�
,6�8B ��"�� �&,6�&��� � , �8 !� ��� �%��,��%�� !, �������F< � .7�%B $ ( ������")�% !�
,6�8B ��"�� <D�8$&$%�%$+���' ��8B �#���	�
� ? ��
� ?� 
� �8").� �
�����>��� G 	1" �8B�B�(&�8$%�%$&?������������	�!?! #"%$ ��"�.'&)(*�+$�G 
)���:=	��,6�8< �'�#�',&$-,.( �8").'/103234 ��,6�D�
 !"��&. ��"
�8,6.7�%,;�3�2�Y�%�3�8��"������@.7�1$1��,6�&.2"��' !��,*�8B ��")� < � $&$;��"�. �4< � $&$ $�=)B ���
����"F% � , � � �657,98*:;, � �3<��657,98��=�>�	�
?�G
C�9[46d:/D?A039j4Q/./�410<H�; D@2!789S4Q/	f6fQ/	9S4678;<5�?A03f6K�03580�$<g�,!46d:/�/./@kY;<9!f67R039`=G;F4Q/�$</M46f1;<9e;<E>E!7R467R039!;<5YH;<?A4Q0<=

$37.-</	9 , g �

* KML r & KML^ *A@ * K L r & L^ *CB 0 � /10
/�HSIKJ r

& L^ * 9 * KML r & L^ *EDFFG 0 � J 0 r
&+L^ * 7
r & K L^ * 7 : r 1 & 3 ��*

3*d:/M=6/�46d:/�58;<f64�;Fk>k!=60�/:78KN;F4Q/�/ED@2!;<587R4 gTd:035CE!f�2!9!E:/M=�46d:/Nf678KNk>587RHJg@7C9%$�djg@k�0<46d:/	f678f�46d!;F4 / 0 � = 7 5 &
��789!?A/�46d:/l;<?A462>;<5 f6d!7RHJ4#789`46d:/DHJ=6/M/��M/CHP032:4*4Q/	KNkm/M=�;F462:=6/lf6d:032>58EX9!0<4 , /�E!=G;<KN;F4678?�,�? ,JI', & L^ ) & K L^ ,
3�/ /./@k�/	?A4146d:/D=G/	5878?�; , 2!9!E>;<9!?A/D/	9!d!;<9!?A/	KN/	9j414Q0 , /D=G032%$3d!5Rg`E:=G7.-</	9 , gX46d!/lHJ;<?A4Q0<=9K 0 � J 0 &

AL��ML>� �	�)N3O�P��RQ	Q��SO�PTNVUXW?�SO)Y)UXO)Z � � �SO�P�UXO5�[PTY �+\M]^\`_bacU!��U�� �dP����eQ	a)UXZ �
R&f�;<58=6/	;<E:g ;<585C2!E:/	E ,i46d:/[k>d:/	9!03K�/	9:039t0<H,D@2!789S4Q/	f6fQ/	9S4678;<5I/	9!d!;<9!?A/	K�/	9S4�0<H*46d:/e9:/	2!4Q=G;<58789:0_=6/	5878?
E:/	9!f6784xg�f6d:032!5CENE:/Mk�/	9!EN9:0<4I039!5Rg�039X46d:/*kY;F=64678?M2!58;F= DS2!7C9j4Q/	f6f6/	9j4678;<5YfQ/M462:k�, , 2:4�;<5CfQ0 039X46d:/&E!/M46;<7858f
0<H 46d:/D?Gd!0378?A/�0<H 46d:/Df62:k�/M=GfQg�KNK�/M4Q=�78? ��;F=�� �T;F4Q4Q/M=1?M;<9!E!7CE!;F4Q/�&mC 9`k>;F=G4678?M2!58;F=P,13�/=3*7C585!f6d:0D3Zd:/M=6/
46d!;F4 46d!/M=6/�78f ;*E:/Mk�/	9!E:/	9>?A/ r 0 *$039 46d:/�587�$3dj4Q/	fQ4�9:/	2:4Q=G;<587C9:01KN;<f6f<,Ff6789>?A/B46d!78f f6/M46f 46d:/�0A-</M=G;<585S/	9:/M=T$<gf6?M;<5R/e;F4 3*d!7C?Gd,9:/	2:4Q=G;<5C789:03f�HO=6/M/��M/CHP032!4<, r I *�039,46d:/eE:/M46;<7C58fc0<H*46d:/e?A03K�k�03f67R4678039t0<H&46d:/e587.$3dS4Q/	fQ49:/	2:4Q=G;<5C789:0h789_4Q/M=GKNf&0<H�7R46f , 789:0%, 3*789:0X;<9!ETd>7.$�$3f6789:0hHO=G;<?A4678039!f<,�;<9!E r 3 **039T46d:/�f62:k�/M=GfQg�KNK�/M4Q=G7C?KN;<f6f1f6km/	?A4Q=�2!K ,:/	fQk�/	?M78;<5858gh7RHi7R4#/	9j46;<7C58f#?A03;<9!9!78d>7858;F467R039`k!=60�?A/	f6fQ/	f10<=*=6/	fQ039>;<9!?A/	f+&

1q/NHJ0@?M2>f��!=GfQ4�039q46d:/�= �035R/�0<H�46d:/N9!/	2:4Q=G;<58789!0`KN;<fGf+&*C�9W46d:/N5R/MHJ4Dk>;<9:/	5i0<H "i7.$ & 1 & 0 � 3I/�k>5R0<4
= S -</M=Gf62>f J 0 , 46d:/�=G;F46780e0<H�46d:/U��2>789j4Q/	fGfQ/	9!?A/�/	9:/M=T$<gnE:/	9!f6784xg_4Q0_46d:/�=G;<E!78;F4678039T/	9!/M=T$<gnE!/	9!f67R4 g
?A03K�k>2:4Q/	Ec;F4i46d:/�HJ=6/M/��M/CHP032:4i4Q/	K�k�/M=G;F462!=6/�,FHO0<=iHJ032:=(9!/	2:4Q=G;<58789!03f 789l46d!/ , 2>5���=6/<$37R039�0<H:46d:/IKh789!78KN;<5
f62:k�/M=T$<=G;A-@784xg K�0�E:/	5@;<9!E(3*7R46dcKN;<f6fQ/	f!.43 / I M�M : 5 M�M : �F5 M ;<9!E 0 M�M�M a /7f�&�71d:/bf62:k�/M=GfQg�KNK�/M4Q=G7C?k>;F=G;<K�/M4Q/M=�f�d!;A-</ , /M/	9�?Gd:03f6/	9h789�0<=�E:/M=B4Q0l/./:?M582!E:/1?A03;<9>9!78d!785C;F467R039!f(0<=B=6/	fQ039>;<9!?A/1/.-�/	?A46f<,@;<9>E�46d:/
9:/	2:4Q=G;<5C789:03fl;F=6/`;<5.3b;	g�fc;<5CK�03fQ4�?A03KNk>5R/M4Q/	5Rg , 789!0gHx587��</�&9R&f�=6/<$3;F=GE>fl46d:/`?A03f6K�035R0�$378?M;<5bfQ/M462!k�,C3I/
� /�/	E � / 3 L 5 ,Y;<9!Ee5R/M4$*

.
-|;F=6g`789`0<=GE:/M=14Q0Nf6k>;<9[0A-</M= J 0 &�R&f#;<58=6/	;<E:gXKN/	9j467R039!/	E ,!58;F=T$</M=1KN;<fGfQ/	f

g@78/	58ET5C;F=T$</M=�/	9!d!;<9!?A/	K�/	9S46f�HJ0<=�;�$37.-</	9 �D2!789S4Q/	f6fQ/	9!?A/�fQ/M462:k H�3I/�?M;<9qE:/	E!2!?A/�d:0A3I/<-</M=lHJ=603K 46d:/
��$32:=6/�46d!;F4<,:4Q0N; $<0@0�E�;Fk!k!=60�/�7CKN;F467R039 ,@HO0<=*=6/	58;F467.-</	5RgX5R0A3 D@2!789S4Q/	f6fQ/	9S4678;<5mHJ=G;<?A467R039!f<,�46d:/lD@2!;<9S467R4xg
J 0 � /�/	f = S &;C�9�k>;F=64678?M2!5C;F= 3I/ �>9>E�46d>;F4�; 0 M�Q /	9!d>;<9!?A/	K�/	9S4B789�46d:/#=6/	587C?I; , 2!9!E!;<9!?A/#78fi0 , 46;<789:/	E7RH�;F4 & K LN�O P*O 46d:/ ��2!7C9j4Q/	f6f6/	9!?A/�/	9:/M=T$<g[E:/	9!f67R4 gX78fb; , 032:4 � M�Q 0<H�46d:/D=G;<E!7C;F467R039`/	9:/M=T$<g[E:/	9!f67R4 g�,!;<9!E
46d!;F4�; 0 M�M�Q /.-m/	?A4b78f $</	9:/M=�;F4Q/	E , g J 0:9 0�I &>R�f�46d!/&;<K�032!9S4�0<H6��2>789j4Q/	fGfQ/	9!?A/R$<=60D3*f<,@46d:/&f6k!=6/	;<E



������� ���	������� 
� � ����������������� ��� ��� � �	���	�
��� �������
 ���������	����D� � �

10
−1

10
0

10
1

10
2

10
3

ξφ

10
−2

10
−1

10
0

10
1

∆Ω

Stau Coannihilations
Higgsino LSP (200)
Bulk
Funnel

0 25000 50000 75000 100000
ξφ

0

25

50

75

100

∆Ω

Stau Coannihilations
Higgsino LSP (200)
Bulk
Funnel

"i7.$32:=6/ 1 & 0 ��� 
)�	� �' !��"��3�%$*$'�'"��
���8BM�%"!�	�8")(&�%< �%"�� � � �5�	�@"��' !�
,6�8B ��")� ,6�'B ��( .7�%"�$&���
-��%��, �������%�8 !,���� ������ � ���
<D� .0�'B $+� � 
�� � G���G � �8$@� �& !"�('������" � � � � ? ,*�1$
=��*('�
�	� �'B -���� BC�8,B% � � � ��"9� B ��"��&�8, $%(&��BC� � �
��� ���0�8").�����$&< �8B�B � �
��" �4BC�H% �8,1���5� <+��(@$'(&�8BC� � ��� 
�	���0G
789n/	9!d!;<9!?A/	KN/	9j46fDHJ0<= E!7 -m/M=6/	9S4DKN;<f6fQ/	fP, ;<9!EW;F4 ; � /�/	E J 0 , fQ46;F=646fl4Q0�789!?A=6/	;<fQ/�,�;<flf6d:0D3*9q789n46d:/
=G7.$3dS4Dk>;<9:/	5i0<H "i7.$ & 1 & 0 � H = S 587R/	fD789W46d!/�=G;<9%$</ � M 4Q0� M HO0<=l46d!/N58;F=T$</	fQ4�-F;<582:/�0<Hb46d:/�=G;F467R0 3I/
E!78fQkY58;	g�, J 0 / 0 M�� &:71d!7Cfb=6/	KN789!E>f#2!f146d!;F4*46d:/ HJ=6/M/��M/CHP032:4�78f19:0<4&;hf62!E>E:/	9[k!=60�?A/	f6f*?�d!;F=G;<?A4Q/M=G7 �M/	E, g�;�fG789%$35R/�/	9:/M=T$<g�fG?M;<5R/�,j;<9!Ec7RH>;<9�;<?M?M2:=G;F4Q/#/	f64678KN;F4Q/#0<H!46d:/b=6/	5C78?�; , 2>9!E!;<9!?A/b78f(9:/M/	E:/	E ,3;�?M;F=6/MH2!5
9S2>K�/M=G78?M;<5$fQ035C2:467R039[4Q0N46d:/:4�03584*�	KN;<9!9e/ED@2!;F467R039�d>;<f#4Q0 , /l78K�k>58/	K�/	9j4Q/	E &C�9,0<=GE:/M=N4Q0]fQ462>E:g 46d:/�E!/Mkm/	9>E:/	9!?A/[0<H&46d!/%DS2!7C9j4Q/	f6f6/	9j4678;<5b/	9>d!;<9!?A/	K�/	9S4�039v46d:/ek>;F=G4678?M2!58;F=
fQ4Q=G2!?A462!=6/10<H�46d:/*587�$3dj4Q/	fQ4�9:/	2:4Q=G;<587C9:0%,93I/1HO0�?M2!f�039NHJ032:=�> I@A	. *���,)"�� � CF?)A>� $ ,:?Gd!03fQ/	9#,�U�* C .�4Q0�d!;A-</
46d:/&fG;<K�/*HJ=6/M/��M/CHP032:4I4Q/	K�k�/M=G;F462:=6/�789N; , f6/	9!?A/*0<HC��2>789j4Q/	fGfQ/	9!?A/ & KML^ 9�� L 3 5 a /7f & 1q/&=G/Mkm0<=G4B46d:/E:/M46;<7858f 0<HS46d:/�HO032:= , /	9>?Gd!KN;F=��&K�0�E:/	58f 2>9!E:/M= f6?A=G2!46789jg�789�7(; , &�1 & I &#71d:/BK�0�E:/	5�3*7846d�46d:/�58; , /	5�> � G
�78f ?�d!;F=G;<?A4Q/M=G7 �M/	E , gD;&Kh;<f6f fQkY587R4Q46789%$ 3&7R46dD46d:/����&7.$�$3f , 03fQ039 = .�� ? r I . 3 @ .���*�B r I . 3 * 9 1 5 Q;<9!E 3*7R46d�46d!/ M�� � + ,�3*d!78?�d�78fV46d:/1587�$3dj4Q/	fQ4Bf646;<2 ,30<H = .�� "! ? r .�� "! @ .43�*�BY.43 9  5 Q & 71d:/#K�0�E:/	578fi46d:/M=6/MHJ0<=6/#032:46fG78E:/ , 0<46d�46d:/#=6/	fQ039>;<9!?A/1;<9!E�46d:/1f646;<2 Hx?A03;<9!9!78d>7858;F467R039c=6/<$37R039>f+&!7*d:/1K�0�E:/	5�789�46d:/$ � , � . C , A�A�? * ?BG ,<� ? CFA[=6/<$37R039e;<?�d!7R/<-</	f*9!/	;F=G5RgX?A03KNk>5R/M4Q/lKN;<f6f*E:/<$</	9:/M=G;<?Ag , /M4;3I/M/	9e46d:/l9:/	2!4Q=G;<58789:0
;<9!EX46d:/&587�$3dj4Q/	fQ4IfQ46;<2 , = . � "! 9 M , 3*d!7858/146d:/&KN0@E:/	5Y789N46d!/$# � A�A!I G<=6/<$378039Xd!;<f = .�� 9 M & "i789!;<585Rg�,46d:/1K�0�E:/	5�=6/Mk!=G/	fQ/	9j46;F467�-</10<H�46d:/ * ? -'- $T?BADC ��;F=�� �_;F4Q4Q/M=b?M;<fQ/*78fikY78?��</	EN7C9�46d:/#=6/Mk!=6/	f6/	9j46;F467R039&%�'('
;<9!E�d!;<f*;Nd!7.$�$3f67C9:0�HO=G;<?A4678039�58;F=T$</M=146d>;<9 � 5 Q &

1q/&;<9>;<5Rg �M/17C9 "(7�$ & 1 & 0 ��46d:/9D@2!789S4Q/	f6fQ/	9S4678;<5�=6/	5C78?bE:/	9!f67R4 g�/	9>d!;<9!?A/	K�/	9S4 $</	9:/M=G;F4Q/	E`789�46d:/#HJ032:=
, /	9!?Gd!Kh;F=��c?M;<f6/	f�;<f�;lHJ2!9>?A467R039�0<H�46d:/���2!7C9j4Q/	f6f6/	9!?A/CHP4Q0gHP=G;<E!78;F4678039�=G;F467R0 ;F4�46d:/*9:/	2:4Q=�;<58789:0�HJ=6/M/��M/CH
032:4I4Q/	K�k�/M=G;F462:=6/?3*7R46d:032:4 ��2!789S4Q/	f6fQ/	9>?A/ r J 0 * &#1q/D5R/M4 J 0 -F;F=6g�HJ=603K �M/M=60�2:kh4Q0 0 M � ,�d!7.$3d!587�$3dj46789�$46d:/[58;F=T$</e;<9!EUf6KN;<585 J 0 =6/<$378K�/	f�789t46d:/[5R/MHO4�;<9!EU=G7.$3dS4 kY;<9:/	58f�=6/	fQk�/	?A467.-</	5Rg�&81q/ �>9!E 46d!;F4�46d:/
=6/<$37R039p0<H kY;F=G;<K�/M4Q/M=_fQkY;<?A/ 3&d:/M=6/n46d:/W/	9!d!;<9!?A/	K�/	9S4�78f[K�0<=6/W/.-�/	?A467.-</]78f`46d:/q?A03;<9!9!7Cd!7858;F467R039

. & E*)�+ 7 46;<9-, ( .43 S/. 7 1p7C9:0�HO=�;<?A4+& �&7.$�$3fG789:0�HJ=G;<?A4+&
4I2>5�� 5 M�M 5 M�M 1 5 & M * M I M 1 M & 5� I 021 Q 0 M L M 1 Q�@46;<2�3b03;<9 & 3!I � 5 � M 1 5 & M * M I 1 1 M & M I!I 021 Q 0 M L M 1 Q">2!9!9:/	5 1 M  5 � I 1 5 & M 0 M I 1 3 M & M�M 5 021 Q 0 M L M 1 Q��7.$�$3f6789!0  M�M 3!I83 1 5 & M * M I 5 M M & M�M � 1 Q � 5 L 5 Q

7�; , 5R/ 1 & I � 
)�	� �%�8 !,�45� ������ � ��� � ��6�� ��� ,*�#=),6�1$'�'"��
��"&% .8� 7��',6�'"�� =�� $&$1���'BC��$%(&�'"���,1��� $ �%�8,;�5�	� B � % �!�#�%$1��")�% ,
��,*�8B ��")�0G 
)�	� $'(*��BC�8, �
,1��B ��")�*��,�(&�8 =)B ��"&% � $/$'�%�@�#� &A( � $ ��" ��B�B (&� $'�%$&? ��"�.9�5�	� "��' !�
,6�8B ��")�4�&,6�&��� � , �� !�
�#�'<�=	�',6�8�
 !,6� ��" � �%$'�%")(&�@� ���  !��"��3�1$&$'�%")(&� � $&?�� % �8��"D�%�8,@��B�B0�%�8 !, $'(&�'"��8,1���8$&? �	� �&.4���(8�9;:< =?>A@ B �DC���E G



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

0 25 50 75 100 125 150 175
peff (GeV)

10
−27

10
−26

10
−25

10
−24

10
−23

W
ef

f/(
4E

2 ef
f ) 

(c
m

3 s−
1 )

Stau Coannihilations
Higgsino LSP (200)
Bulk
Funnel

κ(peff,T)

0 5 10 15 20 25
T (GeV)

10
−27

10
−26

10
−25

10
−24

<
σ ef

fv
>

 (
cm

3 s−
1 )

Stau Coannihilations
Higgsino LSP (200)
Bulk
Funnel

10
−5

10
−4

10
−3

10
−2

10
−1

10
0

ξφ= 0

ξφ= 10
2

ξφ= 10
5

ξφ= 10
8

Freeze−out

"i7.$32:=6/;1 & 1 �� ��� � � �<� 	 
)��� � 7��&(%�
�	�8� ��"�"��C�!��BC�8�
���8"A(%,*� $&$@$'�&('������"������S<�� ��� 4��� �4�8$ �;�& !")(%�
���8"F����� �����%��,
�����E�%�8 !, �&�'"�(&� < �8,"!/< � .0�'B $ � � 
��Y� G � G 
)�	� .0�8$ ���&. B ��")�D��"�.���(*���#�%$D����� �5�	�',1<D��BD(��'� % � � �%�7(%�3�8,$# �%� ���'& 8 �
�8���������&,6�&��� � , �8 !���#�'<>=��',6�8�
 !,6�$8�9;:(*) +,) G ��- ��
�
��� 	�
����@�����%,1< �8B�B -/� �8�%,*� % �*./� 7��&(%�
�	�8�+(',6�8$*$;$'�&('������"/.*0 ���2143 � $
� �& !")(%�
���8"A��� �5�	�2�#�'<�=	�',6�8�
 !,6���%�8,4�5�	�:�%�8 !,9�&�'"�(&� < �8,"! < � .7�%B $'G 
)�	�O�',6�@( "A.0�����3�&. B ��")�1$4,6�3=�,*�1$'�'"����5�	�
$1 =0=�,*�1$&$1���8"+�%�0('�#��,�576 8:9 � � '<;' ;=2>@? 0 .8 �� �#�2� �' !��"��3�1$&$'�%"�������B (&�8<�=	��"��'"���A ��� $'�+�8< �8 !"����8���&,*�*��� �CB �� !��� $D �	�8�'"/E'- � � F �����@(&��,1,6�1$
=��8").8��" D ,6���%�',6�%")(&�;$'(&�8BC�@� $ $6�	�GA " �8"������ ,1� D � �HB��	��"�.4$1��.0�D��� �5�	��� D  !,6� G
fQ4Q=G7Rk & 4I/M4;3I/M/	9T46d!/ ?A03;<9!9!78d>7858;F467R039[;<9!E_46d:/ , 2!5 �h=6/<$37R039>f<,�3I/ �>9!E[46d:/c789S4Q/M=GK�/	E!78;F4Q/l?M;<f6/ 0<Hi46d:/
d!7.$�$3f67C9:0 �)�2I��:46d!78f#78fb/./�k�/	?A4Q/	E_;<?A462!;<5858g�,!f6789!?A/l?A03;<9!9>78d!7858;F4678039!fIk>d:/	9:03K�/	9>;�46;��</�k>58;<?A/l46d!/M=6/l;<f
3�/	5C5�,>46d:032�$3d�039T4Q0<kn0<HB9!/	2:4Q=G;<58789!0�k>;<7R= Hx;<9!9>78d!7858;F4678039Xk>=60@?A/	fGfQ/	fX3&d!78?Gd_;F=6/ , geH;F=�K�0<=G/ /KJh?M7R/	9S4
46d!;<9]789W46d!/ , 789:0gHx587 �</�?M;<f6/�&#"i789!;<585Rg�,$46d!/:3�/	;��</	f64ML@2!789S4Q/	f6fQ/	9S4678;<5i/	9!d!;<9!?A/	KN/	9j4 7Cf�HO032!9>Eq789W46d:/
HJ2>9!9:/	5m=6/<$37R039 &No7R46dy46d!/Tk>2!=6k�03fQ/�0<H 2!9>E:/M=GfQ46;<9!E>789%$q46d:/nk�/	?M2!5878;F=NkY;F4Q4Q/M=G9p/	K�/M=T$3789%$tHO=G03K "i7.$ &61 & 1 �1,?3I/?A039!f678E!/M=#46d:/l/.-�/	?A467.-</ 46d:/M=�KN;<585Rgh;A-</M=G;�$</	EW;<9!9!78d>7858;F467R039`?A=603f6f1f6/	?A467R039PO�QSRUTSV2W , 3*d!78?�d 3�/l=G/<31=G7R4Q/
789[46d:/lHJ03585R0D3*789%$cHJ0<=GKYX[Z I�\ � O�Q7R]TSV2W_^a`cb& E 2 RUTed RUT r 2 RUT�*1�f 7RUT g r 2 RUT:hji=*kh r 1ml 3 9*
3*d:/M=6/ 2 RUT`;<9>EnfoR]Tp^rq 2 7R]Ttsvu 7w ;F=6/*=G/	fQk�/	?A467.-</	5Rgc46d:/*46d:=G/M/CHxK�03K�/	9S462!K ;<9>EN/	9:/M=T$<g�HJ0<=�; k>;<7R=0<H$587.$3dS4Q/	fQ4�9:/	2:4Q=�;<58789:03fV789N46d:/	7R=�?A/	9S4Q/M=�0<H$KN;<fGfVHO=�;<K�/xl d RUTX7CfV46d:/1/.-�/	?A467.-</�;<9!9!78d!7C58;F467R039c=G;F4Q/1k�/M=
2!9!7R4 -<03582>K�/l;<9!Ee2!9!784I467CK�/!H!789e?M;<fQ/c?A03;<9!9!78d!7C58;F467R039`k!=60�?A/	f6fQ/	f1;F=G/Dk!=6/	fQ/	9S4<,>7R41?M;<9 , /�31=�7R4Q4Q/	9e;<f
; 3I/	7.$3dj4Q/	ETf62!K 0D-</M=�;<585$;<9>9!78d!785C;F467R039X;<9>E�?A03;<9!9!78d>7858;F467R039`k!=60�?A/	f6fQ/	fMX[Z 3�\ �

d RUTp^zyC{%| 1 2 7{%|
2 )")�}

{ } |} 7)�~ � Q {%|x� �
1ml 3 ���

�$�K��� } {t���/�C� �����7� , �K���x� � � � �K���7�x���m�K�x�C�K� � �x�M�*���K�G�m�����*�x� �C� ���S�4� �C��� ����C��� {[|�C� � � ���n��������4��� ��� �S�m� �x� �C� � �C� �C�K�CH,�������G� � �7� � � �C� � � �G� � �K�p�x�¡��� ��� �H���x���¢�*�x� �C� ��7�C� � � �C��� � £x����£ � �m��S�4� �C��� ��� � ���x�7��¤m�7Q {%|��C� ���C�G��� �C� £x� � �C� �C�o� � �¥�C� �����m¦ �7� ��� �C� � � �7�m�./ 1 �C�K�H�K� �e� � �C� � ��§2I �©¨Uª I ª d RUT� �x�C�C� �¥� ��«¬���G�7� � � �� � �C� �®� � � ��� �m�G� � ���x� � �m���'� � � H,�x�7� �¯�7� ��� �C� ���/��� � � d )") � �°�7� � ���x�7� �¯�7� ��� �C� ��� � �4�C��7�C� � �G� � � l�± � �7�x����«x�³²�L'l � 1ml 3  � �7�K´S�m� ��C� �M���7� �¥�C� ��� g � �SRUT�hji � ��¦ �7�����¢� ��� � � � � �µ�C� � � �G���	�K��� � �m�C��m�K�	�G�7�m�G� � � � � �C� �M¶·�0/2¦¸�G��� H�4¸��� �º¹ ���x�7�·�4�7�7�C��/ � �n� �C� ����lN����S��� �/�C� ���C� � �S� �C� �m� d RUT	» � 1�f 7RUT � �H�x� �C� ��H���m� , �G� ��� ���4�C¼½���2�m�G� � �x�M¾�� , l�1ml I � � �C� ����K� � �S�x�m�G�¿�x�o± � �ml�1ml 1 <l¬N � �G�P� � ���x�7� ���7� ��� �C� ��� ��� �x�7�7�G� , � � ����� � ¼ � �m�G�n� �C��� �x����«�x�����À¦¸�G��� �C� �



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

10
0

10
1

10
2

10
3

10
4

10
5

0.1 1 10
T (GeV)

10
−27

10
−26

10
−25

10
−24

10
−23

<
σ ef

fv
>

 (
cm

3 s−
1 )

Stau Coannihilations
Higgsino LSP (200)
Bulk
Funnel

ξ φ

Freeze−in Freeze−out

± � ���m�C� 1ml 1 � �� (&��<>=��8,1� $'�8" E&�'�*A��&�'" �5�	�������%,1< �8B�B -/� �8�%,*� D �*./(',6� $&$;$'�&(%�
���8"/.¯0 ���21x3 �8$@���& !")(%�
���8" ���;�5�	�
�#�'<�=	�',6�8�
 !,6�%? (&�8<�=	��,6�&.oA ���5�D�5�	���#�'<�=	�',6�8�
 !,6�%$E� � ����� ��� ������� � 8 <�� ")�&�8,1B --�8�%,1�
��(&�8B�B ��"��%$��8"4�5�	��,1� D �!������"�.+�������� ��� ����� � 8 (*) �[) � BC���&�MB -8��" D B ��")�1$��0G� )���"! ,&$1� �8"�� � $ .0�#! "��&.D� $>�5�	� �3�'<>=��%,*�8�
 !,6� A �	�'"��5�	� ")�% !�
,6��B ��"���"� !<�E&�%,
.0�'"	$1���
-/E&�&(*��<D�%$%$
�'& BC��, D �',2�5�	��" �5�	� �)(' !��B �¯E',1�� !< "� !<�E*�', .7�%"�$&���
-%*+$��-,*?oA �!��BC� 8 (¯) �[) � $4�5�	���3�%<�=��%,6���� !,*�(&�8,1,6�%$
=	��"�.8��" D �#� �5�	� <D��<D�'"��eA ���%"F������"� !<�E&�%,2.7�%"�$&���
- ")�8,1< �8B �/. �&. �#� �5�	�/�%"���,*�*=�- .0�'"	$1����- D �'��$0$��'&BC�8, D �',;�����8"�����$A��1-24365 �-���-�87D� ��B  ��%?��#9 ��9;:�(7?�A � ��(&� D �	�8�1$ �5�	��"��GA��0.0��- $ ,6�'B ��(D.0�'"	$1����-0G
�=<³� �¥�C� £x� � �C� �C�_� � �¥�C� �����4>7���7� � ��« � �¯� � � ��� � �K£ � �m�G� � �*�C���?>	� �C�t�C� � � � � �o�x� �C� � �C� �x� � ���x�7� ���S� ��� �C� ��� ��x�7� �C� � � �x� �C� � �7� �x� �C� �m� ��§mI:lA@j� �C�S��� �¯� �º�µ� � � �x���x� � �p�m� �C��� � � �À¦ �C� � � �C� �C��� � �¥�C� ���� � ����¦ �SRUT��� �¯�4�C�x�K� �C� �x� � � �C� �B>S�7��¼'�:�x� �º� �x� � ���x�7� ���S� ��� �C� ��� � � � � � �xl·¾ � ��´7���m�C�/�x� � � ��� �À¦ �M�C� � � «<� ��� �x�
>	�G��� �C� �4�	���x� �C� � ���7� �¥�C� ��� g �S¦ �7����� �=C<�	���m�G� �C� �x����« � �m�7�S�C� �C� � �e�C� �M���4�C�x�@�SR]T � � � � � �x� d RUT�m�	���� � � �K�x��� �C� ���P�À£x�K�µ�SRUT�l R

� i ��� �C�G�7� � �G��� �C� ���³�G�4¼��x� �C� � � �x�C�C� � �	���7� � �m� g �H�S� �¥�C� ��� �¯�¡�C�7� � � �G�� �À¦e�4��� � ���À¦¸�K�¿�SRUT £4�x���m� � lD@j� �C� ��� � � ��� �S�x�m�G�³�x�°± � �mlFEml 1 �¦ ���S��� �¸�C� ���C� � �7� � �x� �C� � � � � �K�x�k� �C� ����À£x�K���'RUT��_�'> � � � � � �m� �C� � � �x�C��� � �	���7� � �m� � �m�C£x� � � � ���7� �¥�C� ��� � �x�@i �H�x� �C� �/£4�4� � ��� �M� � � � � l ¾ � ��C� �4�	� �x� �C� �M�C� � �7� �C� �m� � �m�C£x� �µ� ����� � �m� � � � � � �m�C�7� �¯� �!���n�7� � �C�G� �C� �m�n�H�7� �¥�C� ��� �x�	�SR]T � I ª G ª �C� �� � � � �x� �C� � ���7�7�7�G� � � � £x� � � ��� � � ��� U�I�HJI I�KML ¨ NOG ���7� �¥�C� ���p�x��i¡�7�x�7�QP
¨
H�I=RSPgITI�LTK4l¾ � � � �G���	�K��� � �m�C�M�K£x����� �C� ���¢�x�O�QSRUTSV2W � � ���C�¯� �x����«p�G� � �K� ��C� � �C� �K���n�x� �7�¯�º� �x�C«p�x���m�G� � �k�x� � �m� � �¦ �7���k� ��¦ �/�C�G� � �S� �C� �/�C�G�x�m�K�G�°�7�C� � �K�G� � �*����� �7� � � �K� � �����À¦¸�K� � �G���	�K��� � �m�C� � � ¨Uª I ª �*�����Y� � � � �� � ���K� � � ��± � �mlUEml 1 <l R

� £x�K�C«����4�C�x� � �G���	�K��� � �m��� � � �C� ���<�7�0>³�K���m�G� �C��� «¢�x� ���G� ���t� �	� �K� � ��� ��� � �G��«�*���¯���À¦ � �C� ���GL<� � � � >S� � �7� ���7�0>	�K� �m�G� �C��� «xl�R� � �K�C¦¸�4�k� ��� ¦¸� �º� �K� � � �x�V>³� � �m�G� �C� ´7�G��l�± � � �º� � �C� ����S�W>	�K���m�G� �C��� «YX �C� �4� �C��� �0>	� � �����WZ[K4I G I=I �C� �x� �C� �o�GL�� � � � >7� � �7� ���7�0>	�K���m�G� ����� «YX R]\ � �C� � �º� �4�x�� ���������7��« � �x�����G� #^I I�I�_�ITR)`'acb�lM¾ �7���µ�º� �K� � �4¼x� � �S�¯� � �®¦ � �G� �C� ��L��7�x� �C��� «edgfhX�O�Q7RUT'V2Wi>	� � ����� �� �����S�4���4>'��� � � �C� ���=C2�S�x� ��� ������� � ���x� �C� �n�7� � £x�K� � �kj � i � l � N��n��� � �x��� �C� � � ¦¸�n� � ���7� � �m�K´S�m��C� ���*���K� ¹ �CH]��� �o� �G���	�K��� � �m���iml®�H�C��� �C� ���C�G��� �C� ���nd�^ojP�p>S� � ��� �C� �K�o� �@�C� � � �G���	�K��� � �7�C��¦ � �G��C� ���m�G� � ���x� � �m�¡�<�7�W>	�K�e�m�G� �C��� «k>	� � ����� � Z4q Q ���4�C�x�K� �C� �x� �C� ��GL<� � � � >7� � �S� �<�7�0>	�K�¸�m�G� �C��� «x� ¨Uª I ª
X¢^ 1

� ZMX R]\ X[Z I�\ � l�¾ � �G��� � � � � ���S� �º� �K���x��� � ����� ¦ � �K�C� � � �gH � �x�7� ���7� ��� �C� ��� � �x���m�G� � ���x� � �m� � ���m� �C� �K��C�G�7� � � �C� �M�<�7�0>³�K� H � �gH]�G� � �C�x�<«·�m�G� �C��� «nr � �À¦e�4��� �����C� � � «2��� � � �C��� £ �x���7�Wr�s �'¦ ���C� �x�·�KJ �K� �G� � «¦ �7���k� �m�K�	�G�7� � ��� �C� �$���G���K£ �x� ���C� � �º� �K� � �m� � ��� �C��� � �¥�C� ��� � � � � �G���	�K��� � �m�C� � >³�G���À¦ �C� ��*���K� ¹ �CH]��� � l±m�x�o�m�K´S� ��� �G�m� �C� ��¦ �����4>	�G�³� � #tI I It_�I=R ¨ N � �G���³�K�k� � �m�C�i N�O u O �C� � � �G���³�K�k� � �m�C��� � ¦ �S����� r ^ 1
� Z%r s l

@j� ���m�µ� ���C� � ���C� ���p¦¸� � �À£x� � ��� ��� �m�K�C�G� � �n���4�DvC� �º�o�C� �¡´7� �C�$�º� �K��� ¨�ª I ª �C� � � � � �C�G� � � � � iUl � � �
>�« �C� � �C�S� � � j K L @wj KML K 1 sgxOy » x{z�|)} l_¾:���=C2�S��� � � �C� �¡�S� �º� �K���¬�G���K��� � �m���H�C��� ± � �ml
Eml 1 <�S¦¸��m�K�G� � ��¦ �K£x�K� � � � ��� ��� �m�K���x� � � �C� � � � � ���7���=<	� �¥� ���G� �C� ���m�G���4>	�À£x�xl®¾ � �t�K£x����� �C� ���¢�x�~r �4� � �K��C� �e�*���K� ¹ �CH]��� �_� �G���	�K��� � �m��� �¯� �7� �C� � � >	�G�0>�« �C� ��� ��� �º¹ ���x�7�t�GL<�7� �C� ��� �

Eml�� I � ¦ ���C� r R]\ ^oq2l���� � �



�����������	������� 
� ������������������� ��� ��� � �	�	�	�
���c���
���
 �	�������	����³� ����C� � �GL<�7� �C� ��� �¯� �=C2� �¥� ��« � � � �K�x��� � �G���'���m���'> � � � � � �
1rAs ^ 1r"l s ` ���

���
�2i O�QSRUTSVmW

j 1�
� �� i � �

Eml E q �
@©���7�C� � �G� � ��x����� � � � � �C� �G� � �x� �C� � � � � �K�x���x�7� � � �C� �� � � � � H � �x�7� ��� �m�$�x� �C�e�C� � � �7�7�7�C� �C��� ������� �¥� �x�G�¦ �7���k�¬�C� � � ���4����« � � �C� �K� 1 � � �@�C� � �*�x�k�

1j KML
� i � @ 1j KML

� i � 1K 1 s xOy » xOz |)} � i ��� 1j KML
� i � 1q 1 s J y i��K»Ài �l � �

Eml E 1 �
3e���G�4�k��«x� �C� �µ�����m�x�K� �C� �$�	� �º� H]�H�C�K� ¹ �CH]��� � �x�7� ���S� ��� �C� ��� � ��� �C� � �C� �µ���4�C�x�K� �C� � � �7�7�7�C� �C��� ���t�x� �C� ��C�G� ��� �4>S�S�7�7�x� � � ��� l¿¾ � � � ��� £x����� �C� ���n>	� � ¦¸�K�G� O�Q7R]TSV2We�x�S� �C� � � �m�7�S�C� �C�C� ������� �¥� �x�$�x�°²�L'l � Eml E 1 �� � �C�o�C� � �C�7� � �o� � �C� � � �G���	�K��� � �m�C� �k�x�m�x� ¦ � �K���¡�m�G� � ���x� � �m���x�7� ���S� ��� �C� ��� � �4�C� �=<	� �¥�C� £x�x�	�m�À¦� � ��C� � #tI I It_�ITR ¨ N � �G���	�K��� � �m�C�xlM¾ � �®�*���m�6>	�G� �k� ���4�C¼·���<�m�G� � �7��� � �G� � £x�K�C«� � <	�K�C�G� � ���À¦ � �G���	�K���	H� �m�C� � >	� � �G£ � �x� � �x�$O�Q7RUTSVmW � � � �C� � � � � �®�x� �C� �¡���7�7�7�G�U��O�Q7RUT³V2W ¨ N HJI I�KML7I=L$� � ���À¦¸�K� � �G���	�K��� � �7�C� � �� �G� � �t¦¸���=C<�	� �¥� � �C� �4�C� ���7� � � �x� i N�O u O � � ���À¦¸�K��£ �x�¯�m� � ¦ � �G� J y

� � � ���G� � � � H���� �C� ��� �C� �K� � �x�7���� � �C� � � � � ���x� �º� �x� � ���x�7� �¯�7� ��� �C� ��� � �:O�Q7R]T'V2W$���4� � �7��«p�m�C�x� �µ� �¬����¦ £4�x���m� � � � ���À¦ � �G���	�K��� � �7�C� � ��C� �K�C�K�H�x�C� �C� ���*�C�K� ¹ �CH � � � �4¼x� � �'��� � ��G�4�k� � �K�G�2� �¸�S� � � �K� � �G���	�K��� � �m�C� � l_¾ � � �7� �x� �C� �m� ��§2I �x�7� �C� �
>S�7��¼ � � � � � �4�C� � � � �K�����G� � � � �x���x�7��L<� ��� � ��� � � ���4� � �M�G� ��� � �C� �K�Gl¿¾ � �o�G���K�C� � �m��� �¯�¥� �m�C� ���_� �¯�4� � ´7�G�� ��± � �mlUEml 1 � ��¦ �7������� �7�����4� ��¹ � ���C� � � ¦¸� �=<	� �¥�C� ¦¸��� ���C� � ��� �G� � ¦ ���m�K� ���¥� >	� �C���C� ���*���K� ¹ �CH]��� ��x�7� �C� ���H�C�K� ¹ �CH � � � �G���	�K��� � �m��� � � � �H�S� �¥�C� ��� � �x� J y �m¦ �7���k�/�¯�¸��� �À¦$�p��� �C� ��£x�K� �C��� �x� �C� �x�����x� �C� �� � � ��� H � �x�7� �C� �m��x� �C� ���S��� � �2�x�7� �C� � �C� �K�����x�¯��«��G£x�K���4�x�G� � �C� �C�e� � �¥�C� ��� �e� � �C� �µ�*���7� � � � � � �7�7�m�K�� � � �	� �¥�C� ����loN �S� ��� �C� � � � � � � � � � �7� �K���4� ��� « � � �C� �M�H�C�K� ¹ �CH]��� ��� �G���	�K��� � �m���®�m�K�	�G�7� � ��� �C� � � ��� �C�� � �¥�C� ��� � � � � �G���³�K�k� � �m�C� � �¯�4�C�x�K� �C� �x� �C� � � �x���H�C�K� ¹ �CH]��� � � �C� �µ�4>	�À£x����G� �C� ���7�G� � ����£x����� �C� ���/� ��� H� � � � �µ�C� � ��� �4�	� �x� �C� �M�*�C�K� ¹ �CH � � � �m��£x� � l$¾ � �M�S� �º� �K���¢�G���K�C� � �7�n�H�C��� �C� � � �m�	�K�C�	� �C���C� ���p�x� �C� �� ¦¸�����G� �C� ���m�G� �=<³� �¥�C����@�C� �����m�¡¦ � �H���7�7� � �¬± � �ml
Eml 1�� l§ � � � �%>	� �C���C� ���*���K� ¹ �CH � ���x�7���H�C�K� ¹ �CH]��� �M� �G���	�K��� � �m�C� � �m�K�	�G�7���� �C� � � �x�����H� �¥� �x�À�:¦ �S������C� �x��� � ¦ ���C� J y � � � q 1 s J y i � »Ài �l �¦ ���=C2�	� �¥�/� � >	���4>S��� � �v� � £x���v�C���7� � �k�7���CH]�x�6H �C� �7�0>� �º�C� ��� � �$�x� �C� �$L�� � � � � ��� �G� �C� �x�m�G� � �x� � �G���G� � �=<	� �¥�C� �*�x��� � � £x�G� J y l°N��µ�m� �m� � � � �À¦¸�K£x�K�G�<�=C<�	� �¥��� � �x�x�C��� �®�C� �x� � �m�� �®�C� � � ¦ � � � � �K�C£x�G� � �7�¢�=<	� �¥�C� � �¥� ��� � � <	�K�C�G� �®� �G���	�K��� � �m�������x�7�x� � l�¾ � ��4�7�7�C��C � ��� � � �C� �x� � �m��¦ �t�7���x�³� � � � � � � �� �p¼x�K�K� � ��� � ¼¢�x��>³� �C��C� � � �x�C��� �¥� � � � ��� � � J y @ qp�x�7��C� � ¦¸���7��� H]>	��>	� � �G£ � �x�$� � �¯�4�C�x� J y �

S! » S �
�
1 s#"%$ J y �'& h (

�
q
� Z �

Eml E I �N�� ´S�7� �C� � �o�C� � � �¥� �7�x���G� � �x� � �G���G� �$� � �C� ���H�7�¯�³�<�7���K� ��� �x� � �����S� � � �C� ���¬�C�K�7�C�2�7� � � � �2� � Z8K4I G IJ y �³���m� ��� ���S���M�x� � � �º¹ ���x� �C� ���m� � ¦ ���C� ����� �C��C� �K�K� � � � �C�G� � � � � >	� �º� ´ � �7�C� � �G�7�m�C�¡� � £x� ��� � ��� �¥�
q
�
E#)*(+) q

� Z<lc¶·�x�C�K��£x�K�G� �C� � � � � �K�C�S���À«V>	� � ¦¸�K�G� �C� � �C�S� � �C�t� � �C� �¬�H�C�K� ¹ �CH]��� � �x�7� �*���K� ¹ �CH � �� �G���	�K��� � �m�C� � � � �K�n± � �ml"Eml 1 ��� ���m���dH � � � £ � �x����«¬� ���¥� � � � � �C� ��£ �x�¯�m�t�x� �C� � " �S�4���x��� � �K�Àl®±m����� �C� ��À£x�K���x�¯�@´ ��� � �C� �n>	�G� �k� ���4�C¼v���<�7�G�@�7� � ��¦¸�¬�'> � � � � q
�
1 ) " ) q

�
I l ¾ � ���7� � �C� � � �K� �m��� � «�x� ��� � �x� �C� �m� � � � � ��� �x���4�7�S�C�JC � ��� � ���H�x���®�7��� ��� �m� � � �C� �4� � ��«���À¦ ��² LSl � Eml E I � � � £x� ���C� � � �x���C� �¥��x���m�K�p�x�¡���4��� ��� �7�m��x� �C� ��L<� � � � � �C� �G� �C� �x�$�G� � �x� � �G���G� � ��x�7� ���À« >	��x� �C�G���K£4�x� � � � � � ������ � � � � l¸±m�x� � � �C� �x� � �x� � �����m� �m�G�x� � ¦ ���C� � � �����-,��4�C¼ ¶·� �º� �K�µ���2�m�G�	� � £ � �m�t� ��� � � ���=C � �C�G���G��«p���À¦�C�G� ��� �m�G� �C���C� � � �S�x�7�¢�G�W>	�G� ����� � ��L<� � � � � �C� �G� �C� �x� � � � �������x� ��� �x� �C� �G�7�4� � �m� �C� �¡�H�x���M�S����� � £x�G� � �²�L'l � Eml E I � ���G«v�C�K£x�G�x� �C� �/�x���m�K� H]�x�6H,���4��� ��� �7�m�p�x�����7� � �x����� � � � � �C� �G� � �/� � �H�C�K� ¹ �CH]��� � ¦ �S������C� � � � £x�G�·���<�7�G�	¦ ���7�¯�¬�m�K�G� � �p�x���7�K� � ���x� �$�C� � � �x�C�C� �¥� ���G� ��� �m�G� �C��� « � �<�7�À«xl

.AL0/ML1. 2 N43 Y�P�YcN4353 QgN3O76 Q UXO98;:�N O<6 Q UXQ>= U@?	A;B U!PgPDCE?#Z UXO<8cNF8)URPGCSQN � �G� �C� �e� � � ��� � �º� �m�G� � ���x� � �m� ��� �m��� � �7� � �G�W>�« ���C�:�S� �x� �C� �m�$�x�:¦ � �m� � �����	���m�G� � � �C� � � �x���C� � �	���7� H� �m�p�C�G� �¯� �4>S�S�7�7�x� � � ����� «�� �¯� �x����«QL ��K4Z#Z I=I �C� �x� �C� ��� �º�C� ��� � �G���7��� H]>S�4�C«x��� �¯� �n� �º� �K� � ��� � �G� � �x�



�����������	������� 
� ������������������� ��� ��� � �	�	�	�
���c���
���
 �	�������	����³� ���

150 200 250 300 350 400 450 500
mχ(GeV)

10
9

10
10

10
11

10
12

H
i(G

eV
)

Ωh
2
, from the top: 0.005, 0.01, 0.025, 0.05, 0.09, 0.113, 0.13

∆Ω, from the top: 1, 5, 10, 25, 50

Ω>ΩCDM

Ω<ΩCDM

150 200 250 300 350 400 450 500
mχ(GeV)

10
−1

10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

ξ φ

Ωh
2
, from the top: 0.13, 0.113, 0.09, 0.05, 0.025, 0.01, 0.005

∆Ω, from the top: 50, 25, 10, 5, 1

Ω>ΩCDM

Ω<ΩCDM

± � ���m�C� Eml��4q � � ����� �D���� ��	� � , 8 &�
� ���������������������	������ !�"�#�$�%�&�'�(�)���(�� !���*�+���-,.���0/&1�132³A4,%���658795��0�	���(��:µB���)�!�; )�������#�+�	�<2�&)( � $<2X " $<2X,.( �E��$
$ C�� E=����>�!9?@,%� DBA � B @ �&Cn ��	�BDE���%�F�KAG (�	�@>E�;>H�(� D ,.���I�&�J 
K 8&L 4 "%$ @ 8 B 2�A9�M,%�F�N,%�O���	� D �(�;����B+ P�&�E>@��>0 Q�R�Q, �;$ @ $ >0S K 8	L 4 S $ @ 8 B C � -D�FTEU	� �E�Y ��&� � , 8 & ��� �V���������B����%�&� !��:N� �J���XW&�Q 6�P��%�&�58795��I�&���(��:�!�)���; 6�J ¡E;�-�����(�YC0Z��¢E;�����0�&�������[ ;2\���	�®E!�XW&�6>@���R�+�;>H��,%���� N�;���Q���Q R�&����>
�+���&��,%�*�. B����!9?M�;> K L 4 �+$ @ $�$	� & $ @ $�8 & $ @ $	5�� & $ @ $	� & $ @ $ > & $ @ 8�8 B & $ @ 8 B 2°A9�M,%���B�%�&�¡E!���E�j!]>@�J (�	�;>H��,%���� ^�)�
�	��,%�&�- ����c!9?M�;>B���<�	�����;��:N�!�&�- �_ K � 8 & � & 8�$ & 5
� & ��$*C�C� �O`� � £x�K� � �xl�¾ �S���M�¯� ´7� �º� �S�m� � � �C� �p� � �C� �¥� �x�7� ���7� ��� �C� ������� � �p�x� �7� �x� �C� �7�gH,� � ¼x�n�x��¦ � �m�gH,� � ¼x�
��§2I � � ¦ �7�����n���

><«��H�4�e���4�C�x�K� �C� �x� �C� � � �x���W> � �m�gH,� � ¼x�/��§mI � � �K� I ª G ª �C� ����K� � �'�x�m�G�7�x��± � �mlOEml 1  � l@©�t��� �¥� � �m� � ���S��« �C� � � ���m�'� � �m� ��� ��£x����£ � �m�m�4�*�x� � � �º� �x� � �x� ��¦ � �m�µ�4���e�¯�4�C�x�K� �C� �x� �C� � � � � � £x����£ � �m���
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� �m�m� �C� � � � } �Na } ) �'>S� � �x� � � �C� �e�<�7�0>	�K���x�'´S�7�x� �º� � � � � � �®¦ �7���k� ¦ � �m� � �x� �7� �x� �C� �7� ��� �x�n�x�7� ���7� H��� � � ��� �¯�4�C�x�K�Gl�b � �x�/�=Cm�x���S���x�<¦ � �7� � � �x�p�x�7� �¯�7� ��� � � � � � �t� � ���7�S���µ�x��¦ �G�4¼ >	� � ��� � ¦ ���C� ��� � �x� «� � � �K�����G� � � � � ��� �x���4� � �7�³�K���S�4� � �m�K� � ��¦ � �K�C�G� � > � �m� ��� �x�7�m� � l/±7�m� �C� �K�����x�C�x� �C� �n��� �C�¡� �	� �¥� ���7��x���M¦ � �m�gH,� � ¼x�/��§2Iv�x��¦e�G« � « � �G��� � �x�p�4�7�7���JC � ��� � ��n� �C� �m�K�x�G�m�K��� � «�¦ ���C���C� �µ� � � � � � �º�¸��� �4��� � �m�m�� � �7��� � � �7� �x� �C� �m�gH,� � ¼x� ��§2I�� ¦ �7����������� � ���C� � �m�����x� � �¡£x�K�C« � ��� � � � �n��� �C� � � �C� �µ�m�=C � H � �gH,� � � ��� � �º��m�G� � ���x� � �m�ml�¾ �7��� ���G�x� �µ�C� � � � ���x�S� ���7� �¯� �C� ��� � >	� � ¦ �K�G� �C� � �°§2I �x�7� �C� ��� � � ��� � �º����� �4�C� � �m�m��� �¦ �G�¯�m� � � � � �C� � � � � �o�x� �C� � �S� �x� �C� �m�m�x¦ ���C�t�C� �$�m�G� � ���x� � �m�Hcd � ���H�m� �C� �K�¿�C�G�7� � � �C� �o�C�G� ��� �4>S�S�7�7�x� � �¨
N bRe IgfheF`'Z I6ipK4I)K�� IJb I=I L#icK{H�I¥l/¾ �7��� �n� �C� �m�K�x�G�m�K�k� � «�¦ ���C���C� � �k� �4�C� � �7� �x� � � >	�G�4� � �p�k� �C� �K��º� �C���m������¦ �K�D>	���7�S� ��� �C� �@�m�G� � ���x� � �m��n� �C���C� �C���m� � � � ��� �¥� � �K� �G���K�k� � �x� � �G�4� �k� � � l�b � ���� � �7� � � � ��C� ���4> � �G� � �µ�x���C�G� ��� �m�G� �C��� «t�G� � �x� � �G���G� � �7�C� � � �C� � � � �<¦ � �7� �x� �7� �x� �C� �7� ��§2I � �4���µ�m� � �x�m�GL<�7� � �� ��>	� �C� � ��� � �>,µ�4��¼p¶¢� �º� �K� � �����³���7�G� � l
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C � �x� , ^ E Z<����s¬^ q2��� a q��x�7�u s ^ Z4q'qOk������³�x�S���� � �
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� Z � � �C� �o�=C2�	���m�G� �C� �x�2�	� � �G� �C� �x�2�x�	²�L'l � Eml��4q � �x�S�k>�«®£4�4�C« � �m� �C� � � � � ��C� �x� � ���7� ���C� ������� j { lD@j� �C� �µ���K� � �S�x�m�G�'¦ � �C� ��¦ �C� ��'�4���x��� � �K��j { �<¦ �7� ��� � � �C� �µ� � � ��� �'�x�m�G�S¦¸��S��� � �����x���®���2�m�G� � �7�m�K�	�G�7�m�G� � �C� � �7� � ><« � ���x� � �m�Bj { �H�x� �C� � ��� � � � � �C� �G� � ��� � ���]���x� � � �C� ���¢��� �C� �� � �m�G� � ���x� � �m���H�C�K� ¹ ���]��� ��� y lo¾ � � �C�K� � ��� �C� �x�m�G� � � «x�G�����À¦ >	�G�4� � �x�·�=C � � �C�C� £x�M�C�G� ��� �m�G� �C��� «p�G���� �x� � �G���G� � �2� � £ � �m�¡� ��� � � ��� w� � a q
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1 �<�m¦ �7� ��� �C� ��x���K�G� �C� �x�m�G� �º� � � � � � � q � q"! 0 � w� � 0 q

�
1 �<��x�7� �C� � � �4�7�S�C�JC � ��� � �G��«����K�7�C�2�7� � � �:�C� �'�#�,Q/���x�7�x� �H�x�$�&%#')(  � l;@j� �C� � ´7���7�C� � ¦¸�@�x� � �µ�S��� ��� �������� �����K£x�G� � �m�C£x� � >³� �C� �*�x���  � � >S���m�o�m� �º� �G�/� � �7� � � �x�7���H�x��*+� �

>S��� � ¼��7� �C� �G��� � �m� � � ltb � ���4�C�x�ij { �¨�ª , ª ¦ � �G����� � � � � �C� �G� � � ��� �7��� � �7�x� � ���7��«�� � £x�K��«��G�4����« �C� ��� � � �C� � ��� ����� � �m�C£x� � � �G�7� � �W>	� � �����£x�K� �C��� �x�@� � �m� � � � � �C� �p�C�K� � ��� ¦ � �K�C��*��.- 1 lGb
� �=C2�	� �¥� �G����¦¸�¬´S�7� �C� � ���C� � L<� � � � � �C� �G� �C� �x��G� � �x� � �G���G� � �³L��7�x� �C� ´7�G� >�«�*���� ��� � � ���n�x���2�·�4�S�7�C�JC � ��� �C� �����m´pC2�G�n>�« � y �³� � �G���K��� � �m���H�C����C� � � u w h � y � �S���x�m�x�<¦ � �K�C� �C� � � � �m� � �4�����x�¯��� �º�@� �x� ��¹ ��� � �x�Ul_¾ � ��	� � �7� � �4� >	� � �À£ � �x�e�x� �C� � ��� ������ �m�C£x� � � � �H�7� �¥�C� ��� � �x� u w ��� �7�7� � � �C� �¬�H� �¥�n�C� � � � � � � �C�G� �C� �7� u w � �C� � �7� �x� �C� �7��H��� �¥�C� ��� �x��C� ��� � � ��� � �º� �m�G� � �k�x� � �m�/�x�C�À¦ � � �C� � � �S�4� � ��« � �����	�G� � � �C� �7� � � � u w ) �xZ4q kµ��� � �C� ���=<³� �¥� �x�e����4�C�x�K�¸��� �C� ��� �C� �o�C�G� �¯� �m�G� �C��� «xl°N � �G� �C� �$�m�G� � ���x� � �m� �º� �4� �C�_� �W>	�o���4���x�G��« �S� �x� �C� �m���,�7��� � �7� � �G�� u w0/ �xZ4qOkµ��� � �1�  � �����m� � ���m��� � ��«¬�x�C��¦ � ¦ ���C�¢�C� �M�m�G� � ���x� � �m����� �C� lN�� �S� � � � � � ���@�C� � � � ��C� �p���K� �t�C� �7� � �x� �C� �/´S���m�C� � � ¨Uª , ª � � ���À¦ u w � �C� �/���GL�� � �C�G���G� � �x� � �G���G� �t�¯� *�� � Z4q2��¦ �S��������G�x� �@�C� � �$�C� � �m�G� � ���x� � �m�t�C�G� ��� �m�G� �C��� « � � �C� � �4> � �G� � � �x�<��� � � � � �C� �G� � � �¯�@� ¦¸�n�x���7�K� � �x�°���4���� ��� �7�7� >	�G����¦2��%#'"(�l�b �¥� �7�x����«x� � � �C� ���4> � �G� � ���x����� � � � � ��� �G� � �x� �C� � �m�G� � �k�x� � �m�M�C�G� ��� �m�G� �C��� «x�7� ��C� � � ���x����� �º� £4�x���m�$�*�x� u w �¯� �H���7�7� � �0>³�3�  � � q
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`e���G�4�k��«x� �C� � �C� � �º� �K� � �m� � �C� ���$� � �¥�C� ���·�*�x�� � �C� �¥� �m� � � �¥�C� ��� �x�C�G� � ��«¬�m�K�	�G�7� � ���·���x��«/�7� � � � � ��x� �C� �M§�`�§*o �'�4� �C��� ��� � �	� �¥� ���7� l ¾ � � ��� �º�o� �G� �C���C� £x� �7�K�³�G�S�m�G� � �x�7� � �4�7�'�4�C�G� � �*�C��� ² ;El � = l = � ��C�G� � � � ��� �C� �^/ � �x� ��� � �¥� �x� � �S�4� �C��� �S���4����«��� �C� �+/ � �x� � � �
C
� �m�@�'�4���x��� � �K� � �x�S� ��� �C� � � �G�À£�« / � ���� � � � ��� �C�@��� �x��� � �x�7�/��� �C� ���C�G��� �C� £x��> � �7��� �7� �x� �C� �7� � ��� � �G� � �x� �C� ��� � � ��� � �º� �m�G� � ���x� � �m�m� �C� �C���m� ��C� �·�'�4���x��� � �K� � � 	�$ l `e�x� � �G�¯��� �C� ��� � �n�G« � �4¼x���S��� � �·�x�����m� �C� ��m��� � �S� �C� �m���x���S� ��� �7�m� � � � ��S�4� �C��� �S���4� � �:� � �&% �K� �G� � ��«n���4�C�x��£4�x���m���x� � �x�&��� �K� �m� � ¦ ���C� �x�7�	� �C��� � �C� ��� � �H�x��� � �x�7�0� h ETq�E j]�¦ �7� ��� �C� �¡���4�C�x� �º� �³� ���C� >S����£4�x���m� � �H�x� 3 6 k . �4���M� ���S� �K£x�G� �H�x�� �

C<�G�n> � �m��� �7� �x� ��� �m� �º� � � � � ¦ ���C� �� ��% �K� �G� � ��«/���À¦ � �G�G£<« / � �x� �� � �¥� �x� l¾:�P���4¼x� �C� � �C� � �S� �C� � � ���<�m�G� � � �7�m�K�	�G�7�m�G� � � � �	� �C�C� >S���x��¦¸� �S��� �n� � ± � � l = l � �C� �·��� � �7� �C��x� �C� ��S�4���x��� � �K� � �S� � � �C� �x� �x� �C� ��x�G�m�K���x��¶§S§m¶ �	�K�C�H�x�����G� � � l$�K� l h E n j � � �K� §<� � l � l � l E�*�x�¢�m� � � � � � � l A��P�S��� � �µ�*�x� ���K�*�K�C�G� � � �x�7� ��� � �7�G� � �m� � � �C� � � �m�C���G� � �=C � ��� �C� ��� � � � ��� �*����� �C� �²��m�G��¦ � ����� �=C<�	�K� � ���G� �0h ETq	� j�' �C� ���H� � �7�C�°�=C<�	�K� � ���G� � �x�4�C�G� �k�M�¯��� � �º� �G�x� ��� �M�S��� � �G���*�x� �C� �)(µ�G�m����� E¾������=C<�	�K� � ���G� � � �x� �C� � � ���4�µ�H� �K� � ���C� � � � h ETq � j l ¾ � �®� � � � � �'�x�m�G� �C� �À¦ ���C� ���C� � �S� �C� �*�x� �C� � � � � ����m�K�	�G�7�m�G� � �m�G� � ���x� � �m���]�7�C� � ��� ��� � �º� �K� � �m� � �C� �C�$� � �¥�C� �����S¦ � �K�C��¦¸� � �<�x¼ �C� � �=C � ��� �C� ���p��� � �7� �C� �x��C� � � ���0> � �7�G�·�G£4� � ���4>'���¡�7� � ���*����� lo�K� lVh ETq4E j]���x�7� �C� �M�7�C� � �	� �¥� �G� ���G� ��� �*����� lo�K� lVh ETq = j l ¾ � ��C� � �7� �C� ¦ ��C�K�	�x� � �4�C��C� �º� � �¯�¥� �G� � � �C� � � ��§j`�§*oz���2�m�G� � ¦ � �K�C� �C� � �C� �K���n�x�m�C�G� ��� �4>S�7�7�7�x� � �$� � � �
f
¨
bRe
¨
N bRe , i�I ,+*�, ItI , 1-,29�.0/ I)K NOG , l ¾ � � � �����x�21 � «<�0>	��� � �2�m� �H�x� �C� � �C� � �º� �K���S��� �$�¯� � � �H��������¦ � �

>S��� � ¼ �K� � � ��� � �C�K�*�K� � �k> � �m���,� � ¼x�µ�m�G� � ���x� � �m� � ���C�G� �8; �7�4��� �e� � �7� �x� �C� �m���,� � ¼x���x�7� >S���7�µ� � �x�����7� �¸� �¦ � �m���,� � ¼x� lA�� �m� �C��� � �C� � � ���2�m�G� � ��« � �m� � � �C� �µ£x�K�C«/�m�7�	�K���S�4� � �x� �C� � �C� � �º� �K�@�S��� � �*�G� � �7�C��� ���C� �K� > � �m��x� �7� �x� ��� �m���m��� � �7�x� �¿� �����	���m�G� �C� '�� � �K£ � �m�G� � �*����� �C� �@´7���m�C�x� � � � ���,�m�K�	�G�7�7�G� ��� �G�4� ��� � � �x��¦e�G« ��*�G� � �7�C�®�x�¢�=C2�³�K� � ���G� � �x� � �G� �C���C� £ ��� «p¦ �S�����¢��� �7�S�4>S��� � �/�7�C�'>	�¡�x��« £ � �4>S���t§�`�§�o ���<�7�G� � �·���m��C� �x� l
@j�P�x�k�m�K� � ���x�7�x��« ¹ � �C� � �º� � �C���º�C�¯� �x� �S�C�x�	�K� �C� � � �x�$�m�G� � ���x� � �m�¢�S�4�C¼ ��� �º� �K�G��¦ �p�C� � �x� �M� ����º� � �C���º�C�¯� �x�³�x�S�x��« ����� �x��P ¨ L ¨�3¥¨ Z ¨ b 3kI)K b ¨ `ML � ¨�ª , ª �C� ���S�x� � � ��� � �G� �C���C� £ ��� «���� �C� � � ��¦ �S����� �x������¦ � � ���x� � �S�4� ��G� � � �����S�4� ��� ��� >	� � ¦ �K�G�P� � <	�K�C�G� � ��� �C� �<� � �x�S� >³� � ¦ �K�G� � �m�C�C�G� � �x�7���7�C�Mvº� �¥� �G� � �G� �C���C� £ ���C� � � l± � � l = l E � ������� �¥�C�@�C� � �C� � �C���º�C��� �x���x�7�x��« �C�¯� �x�����m�@�C� � �7� �C� �*�x�6LPi ¨ N R ¨ N 1 , i ,=N 1 ,=N b L , K4I HJe , L l ¾ � � �7��� �� �x�x���x� �� � �C� �M���K� ��C� �À¦ �C� � � �S�M�7�¯� �C� £x���C� � �7� �C� �*�x�µ�x�������2�m�G� � �7¦ �7� ��� �C� � � � � � �C� �¡� � � ��� �C�K�H�K�
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kGTSZ �va ^ O PZ	 QSR�Og`b_VOgY��,Og_<O��zcPOgYdY[O M Q0�GQS_<Z p QSR�O ^ \UQS\ 8 isOrZ P QS\,a M S p Z,T P \,c�Qvf,TSZ h MG^ Z M Y 	 SK\NTSO ^ h cPO ^ u c
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\%�U\,a�Y�\ / Y�O ^ \UQS\�G R Qm\�f.a��,O M M O h QVTy\,Y�a M Zn`b\,_S_�SCQSR�Ob_Sa�f M \,Y 2 QVZ 2 / \,c;Q�f,TSZ h MG^ Te\UQSa�Z p Z,TX\ M QSa[kGTeZ,QVZ M _CS
\ p QVOWTl_VZ.Yd\UT�`lZ ^ h Yd\UQSa[Z M S�a�_m` h cyR `lZ,TeO%kGTeZ.`ba�_Sa M fnQSRG\ M QSRG\UQ p Z,TtkIZ._Sa[QVTSZ M _�S'i�a�QSR QSR�O@kIZ._S_Sa / Y�O
O��zcPOWkLQSa[Z M Z p QSR�OrcW\,_VOrZ p Y�\UTSf,OwO M OWTSf.a�Og_CS.\UTSZ h MG^ QSR�O � � � - kEOg\ Q�a M QSR�OwkEZ._ea[QVTSZ M _VkIOgcPQVT h `�S,i�RLa�ceRY�a[Og_rR�Z�iqO��,OWT p \UT�\ / ZG�,OXQSRGO|c h TSTSO M QSY 	 _e\,`lkLY[O ^ O M OWTSf.a[Og_ GC

OWi f,O M OWTe\UQSa�Z M _VkL\,cPO32 / \,_VO ^ O��zkIOWTea�`lO M QS_ p Z,TH\ M QSad`b\UQVQVOWT�_VOg\UTyceR�Og_43 R-5 A � R K 6 ��� Mt\ MG^R65 � K 6 � a/MEi�a�Y�YvQVTSOg`bO MG^ Z h _SY 	 O M RG\ M cPO�QSR�O�TSOg_SZ.Y h QSa[Z M \ MG^ \,cWc h Te\,c 	 Z p kIZ._Sa[QVTSZ M \ MG^ \ M QSa[kLTSZ,QVZ M
_VkIOgcPQVTe\]`lOg\,_ h TeOg`lO M QS_�7 \,_jcPZ.`lkL\UTSO ^ QVZnO���a�_VQSa M f / \,YdY[Z�Z M4/ Z,T M O�TSOg_ h Y�QS_ Gj�:a�QSR�QSRGO�k h TSkIZ._VOXZ p
\,_S_VOg_S_ea M f ^ a�_ecPTea�`ba M \UQSa[Z M cW\Uk?\ / a�Y�a[QSa�Og_wZ p7p h Q h TeOjO��vkIOWTea�`bO M QS\,Y p \,cWa�Y�a�QSa[Og_�7ziqOXi�a�Y�YI_
8,OWQScyR�R�OWTeO|QSR�O
kIZ._S_Sa / adY�a[Q 	 Z p�^ ad_VO M QS\ M f.Y�a M fH\ M O��zZ,QSa�c]cPZ.`lkIZ M O M QtZ h QmZ p \�_SQS\ MG^ \UT ^ _VOgcPZ MG^ \UT 	 / \,c28�f,TSZ h MG^ G
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9 R�OjTeOgY[O��F\ M Q�O;:zkIOWTea�`lO M QS\,YIkL\UTe\,`lOWQVOWTy_�O M QVOWTea M flQSR�OjOg_SQSa�`b\UQVOm\UTeOjf.a��,O M</ 	�82 9 RGOT$ a '"]a * � ( b � d�	 � b * '� Z p QSR�OjO;:zkIOWTea�`lO M QS\,Y p \,cWa�Y�a[Q 	 7V(+X a Xqa[QS_rO�\IOgcPQSa��,Om\UTeOg\+7>=@?2 9 RGOjQSa�`lOjZ p<^ \UQS\b\,c 3 h a�_Sa�QSa[Z MBA ?2 9 RGOjO M OWTSfDCncPZ�E,OWTe\Uf,OtZ p QSR�OjO;:zkIOWTea�`lO M Q�7�i�a[QSRnQSRGO|TSOgY�\UQSaFE,O ^ O�G M a[QSa[Z M Z p QSR�O|O M OWTSfDC / a M _�7(YX a X QSRGOga[T M h ` / OWTIH�Jt\ MG^ QSR�O|_ea�*WO ��K _ �.L<Z p Og\,ceR�Z p QSR�Og` G
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Y�\UTSf,OWTrQSRG\ M QSR�O � u c �.SITUWV cPZ,TSTeOg_VkIZ MG^ a M f�QVZXH�J ^ OWf,TSOWOg_rZ p7p TeOWO ^ Z.` G � OWQVQSa M f�Y4ZL\[ Y 
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p h Q h TSONO;:vkIOWTead`lO M Q�\UQ P ; cPZ M G ^ O M cPOXY�O�E,OgY a p a�Q�_S\UQSa�_
GGOg_�QSR�OjTSOgY�\UQSa[Z M

u c�3 � u c � SITU V M � '�G - 6��
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QSRGa�_XO;:vQVO M Q�7<iqO@\ ^ Z,kGQ54��,+M� � � d �*'7698IO1'(�72;+)7R� +�a:+ _ea[f M \,Y 2 QVZ 20_VO M _Sa[QSaFEza[Q�C~Te\UQSa�Z._�77\,_ta M QSR�O�kGTeOgcPO ^ a M f
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Unification of the Couplings of the
Electromagnetic, Weak and Strong Forces

Standard Model

Minimal
Supersymmetric

Model

ª�9kH436J8=c«BD 9 ���Z$�� � ���	�����m�A@ ��!"�/���K$���
G�>�n�Z@<��!"�<�3!�
E�E� � ���*; � ��� � � ���"���F0��"��� ���^��!"� . �i0��1)80�
�)z(j�Q)8� � + . ()0 +F�F�G;�0
0���)(���$��!"� ���*;��>
G�#"����P�>��
�� � �"!8�F�>���������j�Z@ ��!"� . ( +/( .2. ()0 +$#G�����i���.0 ,&% � � "����m�3!�� � 0��	�F�>
 � 0��������"� Y � 0��������
�=�n�'#��i0������E) ,�* !"� .
(V.*) ;�0�
���� �>� ����0�
���04�G�����P�E)H�i� � ���"�	
��+#>���F����� � "P0,#G�E$��n�3!����-<� � ����$�� .
(V.*) � � 0 � �/.10$2'0�3
�Z@H0,#G�����k����� * �54 I*6V!�� � ! � 0����>����3!�� � !�0�� �7�H���j� � �G;��(��� �3!��(�m$�� � ���������J�A@�3!�� � ���*; � ��� ��� ,|* !"�87:95;=< ,?>6,
@���
�3!��=�n� � 0 � ���=�����1)�� � 0��F�G)@#m"P�3!��%$���
��	� � 0 �O� ���1���)+Z)804��!��G)10 , * !��(�_$4� � ���	����� �A@��3!�� � ���*; � ���A���B660�� � 0 �-� � � 0��i�E)
���m�>� � ���1)\��
�)8��
���� ;��>
�����
C#G0��������m��!"�G��
#" , * !�����!�� � &��1���G���Z@n�3!�� � ���1����
��F;�
������>�"���n��!"���>
�
���
n��� ��!"� � ���*; � ��� �
� �������i0��2��� , +3�6�D�+��
�� @G
����FE<��@ ,HG$I,JCKCL 0

CS24;Q0d= L 36=?;QCS=?01LI0xZ©LEJcLI0x7k=KbQ5d24;1MUL?eI2IJ1eB9k247<LE589:;6H{bQJ82tCS=?080d=?0cLEJ8=�CS24;QCS=KJM;Q=?>�D
� HI=?;6=KJM9<C�bQJ8=?>U9:CS589k24;A2IZ�HIJMLI;Q>�3Q;Q9k��CKLE589k24;|9:0c58GQLE5c2IZON�P ^RQ ^E� � 	 �`[ASu¢ 9,T19 � 9,T7O¤£ � W	9:;Q9<W	LI7�;624;0836bO=KJM0dgtW	W{=K5dJ`9:C�U F wWV 0§GUL?eI=,X�=K=?;V0d2B24;�XO=K=?;¥CK7:LI9:W{=?>r5d2iXO=YJM3U7k=?>r24365§24;�58G6=#XULI089:0¬2IZ658G6=,bQJ82I5d24;

0d58LEXU9:7<9k5¨g � 0d=K=j¢YX T X F X TAZ¤£ LI;Q>¡¢YX TA[¤£  `D1wxGQ=�Z~LICS5i58GQLE5i9:;P@ F @ H U F wx0xH4LI3QHI=¥CS2436b�7:9:;6H	3Q;U9k�UCKLE589k24;
2BCKCK3QJM0�LE5�7:LEJ8HI=KJ�=?;6=KJ8H49k=?0�CS24W	bULEJ8=?>¥5d2r5¨gBbU9:CKLI7t;624;]\¨0M36bO=KJM0dgtW	W{=K5dJM9:C^U F w�Z~JMLIW{=K�,2IJ � 0�0d24W{=?G62¤�
LIW{=?7:9k2IJ`LE5d=?0158GQ=¥089:583QLE589k24;�D M =KeI=KJM58G6=?7k=?080 F 58G6=¥5dJM3Q7:g|W	9:;Q9:W�LI7§@ F @ H U F w XULI0d=?>�24;�58GQ={Ã`_ � O  
H4LI36HI={HIJ82436b F 0d=K=?W	0r5d2jXO=¥JM3Q7k=?>P24365�XBgz58G6=o@t3Qb�=KJba�LIW	9k247:LI;U>6=rJ8=?083Q7:580124;f58G6=�bQJ82I5d24;y7:9kZ~=K589:W{=¢YX T'cE£ D8d�;z58GQ9<0cJ8=?08b�=?CS5 F eELEJM9k243Q0iW{=?C`GQLI;Q9:08W�0iGUL?eI=�XO=K=?;�b�365cZ~2IJ8��LEJM>P5d2u083QbQbQJ8=?080158G6=¥J8=?7:LE589keI=?7:gZ~LI085cbQJ82I5d24;P>6=?CKL�g|bQJ8=?>Q9<CS5d=?>|9:;PÃ^_ � O  i@ F @ H U F wx0 � 0d=K=j¢YX T7O¤£ LI;U>|58G6=¥>Q9:08CK3Q0M089k24;|9:;|58G6=V;6=Smt5
0d=?CS589k24;� `D M =KeI=KJ858GQ=?7k=?080 F 9<;oet9k=K��2IZ58G6=�LEXO2�eI=�W	=?;T589k24;Q=?>Ab�240M089kXU9:7<9k5¨g�2IZ�;QLE5836JMLI7:7:g	=?;QCS24W{bULI0M089:;6H58G6=x0d=K=?08L��ÀW	=?CMGQLI;Q9<08W F LI;Q>{CS24;U089:>6=KJM9<;6H�58GQLE5�58G6=)bQJM2I5d24;	>6=?CKL?g	9<080836=)9:0�XBgVZ©LEJYLI7:7:=KeB9:LE5d=?>	�c9k58GQ9:;Ã�Ä � X ®  eU F wx0 F 58G6=V7:LE5d5d=KJ1CS24;Q08589k58365d=�eI=KJ8gALEbQbO=?LI7:9:;QH�LI7:5d=KJM;QLE589keI=?0c5d2�58G6=�W	9<;Q9:W	LI7�H4LI36HI=VHIJ82436bCSJM9k5d=KJM9:24;�D

�i0��#=xW{=?;h589k24;6=?>�LEXO2�eI= F U F wWV 0�LEJ8=�=Smtb�=?CS5d=?>	5d2rgB9k=?7<> F XBggfdCS24;QCS=KbQ583QLI7ihrCS24;U0d5dJM3QCS589k24; F 0d24W{=� 9<;Q>}2IZ)bQJ8=?>Q9<CS589k24;}Za2IJV58G6= L 3QLEJ � LI;Q>�7k=KbQ5d24;lW�LI080�0d5dJ`3QCS5836J8=?0�LI;U>fbULE5d5d=KJM;U0KDu�i0��,=?7:7 � ;62¤�c; FLI;yLEbQbQJ82�mt9<W	LE5d={083QCKCS=?080dZ©3Q7 H 3 � L?��LjCS2436bU7:9:;QHo3Q;Q9:�UCKLE589k24;�J8=?7:LE5d=?0�58G6=�XO2I5d5d24W LI;Q>P58LI3 H 3 � L?��L



����������� � 
������
�������� 

	l������
� ��	l�������������	
������I��� ���

CS2436bU7:9<;6HrCS24;Q0d58LI;h580 F������ 	BF �cG6=?;�CS24;Q089:>6=KJM=?>	LE5Y0d24W{=1GQ9kH4G{=?;6=KJMHIg�0MCKLI7k= � 0d=K=�
������¢YX O « £  `D�dÂ5Y9:0�58GB3Q0�#2IJM58GT�cGU9:7k=¥5d2|9:;Q0dbO=?CS5i58G6= Q 8 
 ^ P�
 Q©\ �M[ 6 P�
�� � \ P�
���
 ��Q 2IZ#58G6= U F w J8=?7:LE589k24; ������� 	 LE5�� ±h²E³ 24;58G6=A@ F @ H 082IZa5¥XQJ8=?L � 9:;6HzW�LI080d=?0KD�»y=u08GQ2�� 9:;¡@t=?CED«BDiXAL|bULEJM589:CK3Q7:LEJ F 58G62436H4G�5d2}0d24W{=u=SmB5d=?;h5HI=?;6=KJMLI7 F CS24;Q0d= L 36=?;QCS=¥2IZY083UCMGPLI;�LI080M3QW{bQ589k24;z�c9k58GQ9<;|LoWu@ F UrÁc� Z~JMLIW{=K�,2IJ ��� Q 8 
�� \ ���! "�	[# $ 
Nt[APd[!��
 Q 
:P � � �  Q&% 
 � 
'�h[ Q©\a� 
SDwxG6=�089k583ULE589k24;o9<0,;Q2I5#= L 3QLI7:7kg{Z©L?eI2IJ`LEXU7k=r9:;o58G6=rCKLI0d=�2IZ¬Z©3Q7:7 H 3 � L��,L{CS2436b�7:9:;6H�3U;Q9k�UCKLE589k24; � \ �(
)�5d2IbH\ XO2I5d5d24W \ 58LI3�  F 58G6243QH4Gu0824W{=r@ F @ H W	2B>6=?7<0YW	L�goLICKCS24W{bU7<9:08G	58GQ=158LI0 � F 9:;uGQ9kH4GQ7kg�CS24;Q0d5dJ`LI9:;6=?>bULEJMLIW{=K5d=KJ)0db�LICS=iLEJ8=?LI0 � 08=K=�Ác=KZ¹D�¢YX T « £ LI;Q>uÁx=KZ~=KJ8=?;QCS=?0�58G6=KJ8=?9<;� `D�wxG6=17<LIC � 2IZ¬;ULE5836JMLI7:;6=?0M0#9:;�58G6=
CS24W{bU7k=K5d=¥58GQ9kJ`>jHI=?;6=KJMLE589k24; H 3 � L?��LACS2436bU7:9:;QH	3Q;Q9k�UCKLE589:24; F 5d2IHI=K58G6=KJr�c9:58G|58G6=VZ~LICS5i58GQLE5�9k5cXULI>U7kg
� [ \ 6  xZa2IJi58G6=V5¨�,2u7:9:H4GT5d=?0d51HI=?;6=KJMLE589k24;U0 F W�L � =?0158GU9:0c7:9<;6=�2IJiJ8=?0d=?LEJMC`GP7:=?080cLEbQbO=?LI7:9<;6H	58GQLI;z58GQLE512IZbULEJ8589:LI7h3Q;Q9k��CKLE589k24;�·�58G6=#7:LE5d5d=KJ�W	L�g�XO=�J8=KH4LEJM>6=?>¥LI0§58G6=#W	9<;Q9:W	LI7EbO2408089:XU7k=�7k=KbQ5d2A\ L 3QLEJ � 3Q;U9k�UCKLE589k24; FLI0§LiCS24;Q0d= L 36=?;QCS=,2IZQ58G6=#bULEJ8589:CK7:=?0:V�J8=?7:=Ke�LI;h5�Ã`_ � Z   L 3QLI;h583QW ;h3QWVXO=KJM0 F LI;Q>�9<0§;QLE583QJMLI7:7kgi=SmB5d=?;U>6=?>5d2l58G6=PLI;QLI7k2IH436=PJ8=?7:LE589:24;¾9:;�58GQ=�;6=?365dJ`9:;6240 \¨36b¾5¨gBb�= L 3ULEJ � 0 H 3 � L?��L�0d=?CS5d2IJj9:;¾W{2B>Q=?7:0	�cGU9:CMG
9:;QCK7:3U>6=i;Q24;]\¨;h3U7:7O;6=?365dJM9:;Q2�W�LI080d=?0 � 0d=K=¥;6=Smt5x0d=?CS589k24;Q0 F LI;Q>|Áx=KZÂD¬¢YX?«+* � X T�®�£  `D�i;�=SmBbU7<9:CK9k5¥J8=KeB9:=K� 24;�58G6=jCS24;Q0d5dJM3UCS589k24;�2IZ U F wx0�7:9k=?0¥XO=KgI24;Q>�58G6=|08CS2IbO=?0{2IZ158G6=jbQJ8=?0d=?;h5
�#2IJ ��� G6=KJ8=x�,=x�c9<7:7t7:9:W	9k52436JM08=?7keI=?0�5d2�CS24;Q0M9:>6=KJ�bULEJM589:CK3Q7:LEJ�W	9<;Q9:W	LI76@ F @ H U F w�W{2B>Q=?7:0 F ;QLIW{=?7:gÃ`_ � O  �LI;Q>¡ÃYÄ � X ®  rW	2B>6=?7<0KDA@B=?CED�«BDiX�9:0V>6=KeI2I5d=?>�5d2z58G6=�W	=?;T589k24;Q=?>f5d2IbU9:C	2IZ)58GQ9kJM>}HI=?;6=KJ`LE589k24;
>62��1;]\ 5¨gBbO= H 3 � L��,LzCS2436bU7:9:;QHu3Q;U9k�UCKLE589k24; � �,=	08G62���58GQLE5��c9k58GU9:;�W�9:;Q9:W	LI70836bO=KJ8HIJ`L?et9k5¨g�58G6={J8= \
L 3U9kJ8=?W{=?;h5§2IZ H 3 � L?��L�3Q;Q9k��CKLE589k24;�Z~2IJMCS=?0�58GQ=�0M9kH4;¥2IZ � 5d2�;6=KH4LE589keI=)eELI7:36=?0�LI;Q>¥58LI;c°j5d2�Li>Q=K�U;Q9k5d= F7:9:W	9:5d=?>	JMLI;6HI=ID d�;j@B=?CEDQ«BD Z F 9:;	2IJM>Q=KJ,5d2{08GQ2���58G6=i243658CS24W{=�2IZOU F w�0d5dJM3QCS583QJ8=?0Y24;u5d2IbA2IZ¬083QbU0d=KJ \0dgtW	W{=K5dJM9:C�58GQ=K2IJM9k=?0 F �#=�J8=?0d2IJ85¥9:;Q0d5d=?LI>y5d2PL|CK7:LI080�2IZ)0d=K5836bU0 � ��^ 9  S�M[ 6 
,� ^ � 
 6  d `D|N|2I589:e�LE5d=?>�Xhg
U F w+LEJMH43QW{=?;h580V2IJ¥XBgfbO=?CK3Q7:9:LEJ¥0dbULICS= \ 589:W{=uHI=K24W{=K5dJM9<CKLI7,CS24;U0d5dJM3QCS589k24;U0 F 24;Q7kg}H4LI36H49:;Q2PW	LI0M0d=?0LEJ8=�;624;H\ e�LI;Q9<08GQ9:;6HALE5�0d24W	=�GQ9kH4G}=?;6=KJMHIg�XO243Q;Q>ULEJ8g�CS24;Q>U9k589k24;Q0r08CKLI7:=��.-�/102� ±T²E³ F LI;Q>y0MCKLI7:LEJ0d2IZ~5�XQJ8=?L � 9:;6H|W�LI080d=?0¥LEJ8=�HI=?;6=KJ`LE5d=?>l58G6JM2436H4GfJMLI>U9:LE589keI=	=SvO=?CS580 � Áx=?;62IJMW�LI7:9 0 LE589k24; UiJ82436b F Á&U FJM3Q;Q;U9:;6Hh `D§ª�9:;ULI7:7kg F 58GQ=i7:LI085,0d=?CS589:24;u>Q=?LI7:0Y�19k58G�L¥W	L�3d2IJ�CS24;U0d= L 3Q=?;QCS=�2IZ�7k=KbQ5d2A\ L 3QLEJ � 3Q;U9k�UCKLE589k24; F9:;QG6=KJ`9k5d=?>}XhgyLgU F wº08CS=?;QLEJM9:2 F ;QLIW	=?7kg�58GULE5�2IZx7k=KbQ5d24; MUL?eI2IJ�et9k247:LE589k24;�D dÂ;¡@B=?CED«BD [ �#=uLI>62IbQ5
H 3 � L?��LoCS2436b�7:9:;6H	3Q;U9k�UCKLE589k24;|9<;j58G6=V3QbH\ 5¨gBbO=�7k=KbQ5d2A\ L 3QLEJ � 0 F LI0M083QW	9:;QH{58GQLE5c24;6=V2IZ�58G6=V;Q=?365dJM9:;62
H 3 � L?��LuCS243QbU7:9:;6H	9<0c= L 3QLI7§5d2o58G6=V5d2Ib H 3 � L��,LuCS2436bU7<9:;6H F LI;U>|�,=¥>Q9<08CK3Q0801CMGQLEJ8HI=?>}7k=KbU5d24;1MUL�eI2IJ
eB9:247:LE589:;6H	J`LE5d=?0i9<;Q>Q3QCS=?>zXhg|Á&U�=Sv�=?CS580�XO=K5¹�#=K=?;P58G6=�U F w 08CKLI7:=¥LI;Q>�58G6=¥0d=K=?08L?� 0MCKLI7k= F \ �4
�158G6=W	LI080�2IZ,58GQ=�G6=?L?et9k=?0d5VJM9kH4Gh5 \¨GQLI;Q>6=?>l;6=?365dJM9:;Q26D�wxG6=�;ULE5836JMLI7�Z~JMLIW{=K�,2IJ � Za2IJV58GQ9:0�0MCS=?;QLEJM9k2z9<0�LI;
Ã�Ä � X ®   \¨7<9 � =�W{2t>6=?7 F 58G62436H4Gu�#=r>62{;62I5�=?;h5d=KJx9:;h5d2¥58GQ=�>Q=K58LI9:7:0#24;A58G6=1519kHIH40)08=?CS5d2IJ)2IZ¬58G6=�58G6=K2IJ8g�cGQ9:C`G{�,243Q7:>{J8=KbUJ82B>U3QCS=)58G6=c0d=K583Qb	�#=1J8=?0d2IJ85Y5d26D�wxG6=c08CS2IbO=x2IZO58G6=1LI;QLI7kgt089:0�2IZ¬@B=?CEDt«BD [ 9:0�9<;Q0d5d=?LI>
5d2}2436587:9:;6=uL}CS24W{bU7k=?W{=?;h58LEJM9k5¹glLIW{24;6H}58G6=j0d=?LEJ`CMG�Z~2IJ�0M36bO=KJM0dgtW	W{=K5dJ8gyLE5{;6=Smt5¥HI=?;Q=KJMLE589k24;�LIC \
CS=?7k=KJMLE5d2IJM0 � ;QLIW{=?7kguLE5x58G6= P LEJ8HI="51LI>QJ824;76,247:7<9:>6=KJ F P 516x  F98 LEJ � N�LE5d5d=KJ�>6=K5d=?CS589k24;|LI;Q>j9<;Q>Q9kJ8=?CS5=Sv�=?CS580i9:;Q>U3QCS=?>uXhg|@ F @ H 9<;jCMGQLEJ8HI=?>�7k=KbQ5d24; M�L?eI2IJcet9k247:LE589<;6H	9:;h5d=KJMLICS589k24;Q0KD

:1;=< >@?BA&CEDFCHGEI�?�J�K=L$MBNO?�M�L�PQGECSRTL$I�M

wxG6=�9<080836={2IZ H 3 � L?��L F ;Q9:�UCKLE589k24; � H�F  �GQLI0�XO=K=?;l=SmB5d=?;Q0M9keI=?7kgy0d583Q>Q9:=?> F 0d=K=U
������¢YX O «)V�X O * £ D d�;
bULEJ8589:CK3U7:LEJ F �,=oLI>Q>QJ8=?080�G6=KJM=	58G6= H�F 2IZ�58G6=	XO2I5d5d24W L 3QLEJ � LI;Q>l2IZ,58GQ=	58LI3�7:=KbQ5d24; F �1GQ9:CMGl9:0�LbQJ8=?>Q9<CS589k24;j2IZ�W	LI;hgjHIJMLI;Q>P3Q;Q9k��CKLE589k24;|0d=K5836b�0 F 9:;UCK7:3Q>Q9:;QH¥W{2408512IZ�58G6=¥W	9:;Q9<W	LI7�CMG6249<CS=?0 F 0M3QCMGPLI0e�LEJ`9k243Q0oÃ`_ � O   U F wx0KDFWC\YX H)F 9:0�LfCS24;Q0d= L 36=?;QCS=�2IZi58GQ=|Z~LICS5o58GQLE5	58G6=z5¨�,2lbULEJ8589<CK7k=?0{XO=?7k24;6H
5d2	58G6=�0MLIW{=¥Ã`_ � O  �WV3U7k589kbU7k=K5 F LI;Q>|58G6=KJ8=KZ~2IJ8= F LE5c58GQ=�08CKLI7k=�2IZ�HIJMLI;Q>z3Q;Q9k�UCKLE589:24;Z�\[^]!_A58G6=KgjLEJ8=bQJ8=?>Q9<CS5d=?>�5d2rZa=?LE5836JM=x58G6=x08LIW{= H 3 � L��,LVCS2436bU7:9:;QH6D§wxG6=�=SmtbO=KJM9:W{=?;h58LI76>Q9nvO=KJ8=?;QCS=)XO=K5¨�,=K=?;�` 	 LI;Q>
` � 9:0158G6=?;PW	LI9:;Q7kgu5dJMLICS=?>PXULIC � 5d2o58GQ=VCS24WVXU9:;QLE589k24;�2IZ�5¨�,2A=Sv�=?CS580?Diª�9kJM085 F 58G6=¥J8=?;62IJMW�LI7:9ba?LE589k24;HIJ82436b � ÁBU� )JM3U;Q;Q9:;6H¥Z~J824Wc�\[^]!_j5d2�58G6=V=?7k=?CS5dJ82¤�#=?L � 08CKLI7k=�;QLE583QJMLI7:7kgA>6JM9keI=?0c58G6=�5¹�#2AW	LI080d=?015d2
>Q9nvO=KJ8=?;h5¬eELI7:36=?0KD�@B=?CS24;Q> F 9:;V58G6=#W�9:;Q9:W	LI7T0836bO=KJM0dgtW	W{=K5dJM9<C�0d58LI;Q>QLEJM>¥W{2t>6=?7 F 58G6=�0836bO=KJM0dgtW	W{=K5dJM9<C0dbULEJ8589<CK7k=?0�L�v�=?CS5§58G6=�eELI7:36=?0�2IZt58G6=�W	LI0M0d=?0��c9k58Gr>U9nv�=KJM=?;T5��U;U9k5d=�JMLI>Q9:LE589keI=�CS2IJMJ8=?CS589k24;Q0 F 9:;�bULEJM589:CK3Q7:LEJ58GQLE5x2IZ58G6=dW L 3QLEJ � ¢YX O Æ £ D

e JM=KeB9k243U0�9:;TeI=?08589kH4LE589k24;Q0�2IZfWC\YX H)F 9:;QCK7:3Q>Q=,Ác=KZ¹DU¢YX?« ®�£ LI0�J8=KH4LEJM>Q0�;624;{0M36bO=KJM0dgtW	W{=K5dJM9:C U F wx0



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

LI;Q>|Ác=KZ¹D�¢YX?«]X=V�X?« cE£ LI;U>zW{2IJ8=�J8=?CS=?;T587:g|Áx=KZÂD§¢YX?« O F X?«I« £ Z~2IJx58G6={@ F @ H \"U F w(CKLI08=ID`d�;|bULEJM589:CK3Q7:LEJ F9:;¦¢YX?« O¤£ 58G6=y9:W{b�7:9:CKLE589k24;Q0�2IZV58GQ=PJM=?CS=?;T5j=SmtbO=KJM9:W{=?;h58LI7�LI;Q>�58G6=K2IJ8=K589:CKLI7�JM=?083Q7k580u24;�58G6=fW¥3624;
LI;624W	LI7k243U0�W	LEH4;6=K589<C	W{24W{=?;h5VLI;Q>l24;f58G6=o9:;QCK7:3Q0M9keI=�XQJMLI;QC`GQ9:;6HjJMLE589:27W��������,=KJ8=�LI7:0d2z58L � =?;
9:;h5d2iLICKCS243Q;h5 F �cGU9:7k=�9:;A¢YX?« T�£ 58G6=#;Q=?365dJMLI7:9:;Q2xJ8=?7:9:C#>6=?;Q089:5¨g�CS24;Q0d5dJ`LI9:;���LI0=SmtLIW�9:;6=?> F 9:;V58G6=#CS24;h5d=Smt52IZ§H4LI3QH49:;62	;624;]\ F ;Q9keI=KJ`08LI7:9k5¹gIDOd�;|Ác=KZ¹D¬¢YX?«+*)V�X T�®�£ 58G6=rbU3 a�a?7:=i2IZ�;6=?365dJ`9:;62{W	LI080d=?0)LI;U>|W	9nm69:;6H�GQLI0
XO=K=?;j58LIC � 7k=?>z9<;A58G6=�CS24;T5d=Smt5i2IZ WC\YX H�F D

��bO2408089:XU7k=�LEbQbQJM24LICMG¥5d2"W \YX H�F 9:0�2IZU58G6=@f�XO2I5d5d24W \¨3Qb�hc5¹ghbO=r¢YX?« c F X?« O¤£ D�dÂ5CS24;U089:0d5809:;�>Q=K�U;Q9:;6H0d24W{=�b�LEJMLIW{=K5d=KJc�1GQ9:CMGA=KeELI7:3QLE5d=?0c58G6=�[4�`� � P�[T�:SA2IZ H�F F 083QC`G|LI0
� �4	�� � � � � [ ]#_U �� � 	 � �\[^]!_Q 

� 	 � � [^]!_   �
wxG6=rbQJM2BCS=?>Q3QJ8=��#=r58L � =¥G6=KJ8=�9:0)9:;U0d5d=?LI>jL f�5d2IbH\¨>62¤�c;�h	LEbUbQJ824LICMG�¢YX?« Z F X?« [ F X?«I« £ � Z~2IJcL{H49:eI=?;|0d=K52IZ�@ F @ H bULEJMLIW{=K5d=KJ`0��#=)�QmV58G6=)eELI7:36= � 	 � � [^]#_   � � � � � [^]#_   F J8= L 3U9kJM9:;6Hi58G6=�J8=?083U7k589:;6H ` 	 5d2rXO== L 3ULI7�5d2	9:580,CS=?;h5dJMLI7�=SmtbO=KJM9:W{=?;h58LI7�e�LI7<36=ID�»y=r58G6=?;jCS24W{bU365d= ` � � � � Y58G6J8243QH4GuÁ&U J`3Q;Q;Q9:;QH�LI;Q>
58L � 9<;6H{9:;T5d2	LICKCS243U;T5x58GQ=�@ F @ H CS2IJ8J8=?CS589k24;U0KDY�(W	2B>6=?7�H49ket9:;6H{L¥eELI7:36=�2IZ§58GQ=1WC\ L 3QLEJ � W	LI080)7kgt9:;6H
243658089:>Q=�58G6=�=SmtbO=KJM9:W{=?;h58LI7�JMLI;6HI=¥9:0)JM3U7k=?>A24365KD�»À9:58G|58GQ9:0xbQJ82tCS=?>Q36J8= F �,=�bO=KJ8Z~2IJMWO
"!T[4� Q W \YX H)FLE5�58G6= U F w¦08CKLI7:= F LI;U>P>U9kJ8=?CS587kg|C`G6=?C � �cG6=K58G6=KJrLoH49keI=?;yW{2t>6=?7CKLI; F 2IJ�CKLI;Q;62I5 F XO=¥CS24W{b�LE589kXU7k=�c9k58Gj9k5 F Z~J824W�7:2�� =?;6=KJMHIgALICKCS=?7:=KJMLE5d2IJi>ULE58LtD

dÂ5�GULI0�X�=K=?;yLI7:J8=?LI>6gzbO249:;h5d=?>P24365 F 0d=K=7
)� � ��¢YX?« O F X?«I« £ F 58GQLE5r58G6=�J8= L 3Q9kJ8=?W{=?;h5�2IZSWC\YX H 3 � L?��L
F ;U9k�UCKLE589k24;�Z~L�eI2IJM0#;Q=KH4LE589keI= µ eELI7:36=?0Y2IZ	#�D dÂ;�58GQ9:0Y08=?CS589k24;��,=10MG62��À58GQLE5$# 0 ® 9:0#;62I5#CS24W{b�LE589kXU7k=
�c9k58G H)F F LI;U>�>Q9<08CK3Q080)58GQ=%#'& ® CKLI0d=¥�cGQ9<CMGzLI7<7k2��c0 F 9:;�Lo0M3Q9k58LEXU7k=r58LI;c°�J`LI;6HI= F 58G6=�Z©3Q7k�U7<7:W{=?;h52IZ W \YX H�F D

wxG6={W	LI9<;y9:080836=�CS24;QCS=KJM;U9:;6H WC\YX H)F �c9k58G(#@0 ® 9:0�58GULE5r24;6={5¨gBbU9:CKLI7:7:g|2IXQ58LI9:;Q0rLA5dJM=K=�7k=KeI=?7
W	LI080VZa2IJ¥58G6= W L 3QLEJ � �cGQ9<CMGl9<0�CK7k240d=u5d2P58G6=�=SmtbO=KJM9:W{=?;h58LI7Y36bUb�=KJVXO243Q;Q> F LI;Q>�GULI0�5d2}LI>Q> F 24;5d2Iby2IZ#9k5 F 7<LEJ8HI=�N ^  \�Q©\~� 
�@ F @ H CS2IJ8J8=?CS589k24;Q0 � 08=K=*) L D � «BD Z  1X�=?7:2��i  F 58GQLE5�>QJM9keI= `,+.-0/1/� 243Q58089:>6=¥58G6=
=SmBbO=KJM9<W{=?;T58LI7JMLI;QHI= � 2IJ F 58G6={2I58G6=KJ��,L�g�J8243U;Q> F � � Z©LEJ�L?��L?gyZ~J824W � 	  `D�»y=�9:W{bO240d=�WC\YX H)F LE5
58G6= U F w+08CKLI7k= F �,=��6m � 	 � �\[^]!_U  � � � � � [ ]#_U �XO2I5d5d24W \¨36blZ~J824W 58G6=�bUJ82IbO=KJM7kg}CS2IJ8J8=?CS5d=?>�LI;Q>
Á&U�=KeI247keI=?> ` 	 � ���  F 2IXQ58LI9<;Q9:;6H�LI0#24365dbU36580Y58G6=c5dJM=K=17k=KeI=?7�`32 /54.4� LI;Q>�58G6=�@ F @ H \¨CS2IJ8J8=?CS5d=?> ` +.-0/5/�W	LI080d=?0V2IZ)58G6=oJM3Q;Q;Q9<;6HAX�2I5d5d24W L 3QLEJ � LE5 � ��D|ª�9:;ULI7:7kg F �,=ACS24W{bULEJ8=o58G6=?0d=o;B3QWVXO=KJM0��c9:58Gy58G6=LEbQbQJ82IbUJM9:LE5d=?7kg�=KeI247keI=?> WC\ L 3QLEJ � b�247:=	W	LI080�¢YX T * £ 36bf5d2|58G6=�� � 08CKLI7k= F �19k58G7698 � � �  ;: ® � XRX* O FZa247<7k2��c9<;6H�58G6=rbQJ82tCS=?>Q36J8=r2IZ�Áx=KZÂD§¢YX T Æ £ �

` � � ` �   � c � ZvO=<¡® � [ Ui=�> ? ` � � � ��  � Z � *+* <�® � Z Ui=�> � � «BDiX� 
wxG6={7:LEJ8HI=?085�@�@�@BAsCS2IJ8J8=?CS589k24;U0rLEJM9:0d=�Z~J824W�0dXO2I5d5d24W \ H47:3Q9<;62uLI;U>P085d2IbH\¨CMGQLEJMH49:;62|7k2B2IbU0 F Z~J82+aK=?;fLE558G6= � C#]DC�E�08CKLI7k=l¢YXGF Æ F X* ® F X*]X £ D¾wxGQ=A7<LE5d5d=KJ�LEJ8= ��^I��H � 
8� ^ � NJI \~� � 
LK 
8� Q  F XO=?CKLI3Q0d=j24;Q=jHI=K580�L�U;Q9k5d=iCS24;T5dJ`9kXU36589k24;�=KeI=?;j9:;	58GQ=�9<;6�U;Q9k5d=x08bULEJ8589:CK7k=iW	LI080�7:9:W�9k5KD§wxGQ=Kg�CKLI;uX�=iCKLI0d5)9:;o58G6=1Z~247:7k2¤�c9:;6H
LEbQbQJ82�mt9<W	LE5d=rZa2IJ`W �

M�`7NO �
` � ´ Z 6 8

[DP �RQS#7T � `VUN�XW�Y `VUN�.Z[Y �\UQ  u58LI;c° Y � «BD Z  

M�`]N^B_�
` �

´ � U`
X?« P U #7a ` T � ` U N` W Y ` U N` Z Y # U  u58LI;)° Y � «BD [  

T �5b Y0cJYed   � b c 7:; �5b�f c  �g b d 7:; � d fhb  �g cid 7:; � c f d  �5b � c   � c � d   �5b � d   � � «BD c  
@i;Q7k=?080�58G6=Y5dJM9<7:9:;6=?LEJ¬CS243QbU7:9:;6Hja ` 9:0¬eI=KJ8g�7:LEJ8HI= F 58G6=YH47:3Q9:;62x7:2h2IbV5¨gBbU9:CKLI7:7kgr>624W�9:;QLE5d= � LI;V=SmtCS=KbU589k24;9:0r9:;heI=?0d589kH4LE5d=?>�9:;}Áx=KZÂD#¢YX* Z¤£  rLI;Q>}58GQ=�089kH4;}2IZ,58G6=o@i@r@BA+CS24;h5dJM9kX�36589k24;y9:0�H49keI=?;fXhgP58G6=	089kH4;}2IZ
W5kmlonhpqlsrtlXu.lov.rhlopLvxw Fty w"u y pqz|{ F;}�~MF[� l F v.z ~MF p ~"��� l �1�����0���e���



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

�RQS#�D�wxG6=KJM=KZa2IJ8= F 089:;QCS={�,=	LI08083QW	=	G6=KJ8=�H4LI36H49:;62|W�LI080�3Q;Q9:eI=KJM08LI7:9k5¹g F 58GQ9:0�9:W{b�7:9k=?0158GQLE5dWC\YX A;@9:0 � [ �E^ P�
 � 9:;j58G6=%#& ® CKLI0d=IDx»y=�08G62¤�(XO=?7k2¤�(58GQLE51�c9k58GQ9:;zWo@i@WU�Ác� 58GQ9:0cLICS583QLI7:7kg|9:0x58G6=�24;Q7:g
bO2408089kXU9<7:9k5¨g{5d2oLICMGQ9k=KeI=¥083QCKCS=?0808Z~3Q7 WC\YX A @�D

d�;{2IJM>6=KJ�5d2�;B3QW{=KJ`9:CKLI7:7kg��B3QLI;h589kZ~gV58GQ9<0�0d58LE5d=?W{=?;h5 F �,=c0d583Q>Qg�58G6=)XO=?GQL�eB9k2IJY2IZ�` 2 /14.4� LI;Q>�`,+.-0/5/� Fe�LEJMgB9:;QHo58G6=�bULEJ`LIW{=K5d=KJM0r2IZ#58G6={Wo@i@WU�Ác�ºW{2B>Q=?7LE5rbO24089:589keI=VeELI7:36=?0i2IZ#58G6=�#�b�LEJMLIW{=K5d=KJ?D���36J
�QJM0d5)0d5d=Kb�9:0,5d2�0d583Q>6g�58G6=�>6=KbO=?;Q>6=?;QCS=�2IZ58G6=�WC\��h3ULEJ � W	LI0M0)24;A58G6=rbULEJMLIW	=K5d=KJ `�� � ª9:H�«BD Z � LT d `D
»y=V58L � ={G6=KJM=%a	� � ® F 58LI;x° � [ * � ® LI;U> � µ�
 U � XRX ®I® Ui=�>{Dx»y=�bO249:;h5x24365 F LI0c=SmtbO=?CS5d=?> F 58GQLE558G6=�089baK=¥2IZY58G6=�CS2IJ8J8=?CS589k24;U0r>6=?CSJ8=?LI0d=?0��c9:58Gz9:;QCSJM=?LI089:;6H `��¤D�wcGQ9:0c9<0c=SmtbU7:LI9:;Q=?>z24;P58G6=¥24;6=�GQLI;Q>
XhgA58G6=VZ~LICS5158GQLE5cZ~J824W�58G6=�JMLI>U9:LE589keI= )Y»�@��(CS24;Q>Q9k589k24;|58G6=�eELI7:36=�2IZs# U 9:01087:9kH4Gh587kgA>6=?CSJ8=?LI0d=?>zXhg
58G6=	9:;QCSJM=?LI0d={2IZ&` � ¢YXGF cE£ F LI;Q> F 24;y58G6={2I58G6=KJ¥GQLI;Q> F XO=?CKLI3Q0d=	LI;l9:;QCSJ8=?LI0d=	9<;}58G6={e�LI7<36={2IZ ` N�XW� Z7k=?LI>Q0�5d2|Lj>6=?CSJM=?LI0d={2IZ#58GQ={Z~3Q;UCS589k24;(TQD@dÂ;}ª�9kH6D¬«BD Z � X� c�,={58L � =�9:;Q085d=?LI> a�� � ® F 58LI;c° � [ * � ®LI;Q> `�� � ZE®I®I® U�=�> F LI;U>l�,=u7:=K5B� µ�
 U 5d2PeELEJ8gIDP�i0¥CKLI;�XO=o=?LI089:7kgf9:;QZa=KJ8JM=?>yZaJM24W )��UD � «BD Z   FLI;}9:;QCSJ8=?LI0d=¥9:; � µ�
 U 7k=?LI>Q015d2uLI;}9:;UCSJ8=?LI0d=�XO2I58GP9:; �RQVLI;Q>�9<; #�DedÂ;PCS24;QCK7:3Q0M9k24; F 58G6=¥CKLI;U>Q9:>QLE5d=bULEJMLIW{=K5d=KJr0db�LICS=¥Z~2IJ1W \YX A @�7:9k=?01LE5r7k2��2� µ�
 U LI;Q>P7:LEJ8HI= ` � eELI7:36=?0KDi»y={CMG62B240d=�58G6=KJ8=KZ~2IJ8=¥5¨�,25dJM9:LI7#e�LI7<36=?0 F � µ�
 U � [E®I® Ui=�> Y `�� � ZE®I®I® Ui=�> F LI;Q>��#=j08GQ2��s2436J¥J8=?083Q7k580¥9:;�ª9:H6D�«BD [ Dy�i0
J8=?LI>Q9:7:g¥0d=K=?;oZ~J824W�)��UD � «BD Z   F �,=c�U;Q>	58GQLE5Y58G6=r@i@r@BA CS24;T5dJM9:XU36589k24;Q0�HIJ82����c9k58G	58LI;)°�D�»y=�;62I589:CS=G62��,=KeI=KJ{58GQLE5V58G6=o5dJM=K=u7k=KeI=?7,W	LI080¥0d5dJ824;QH47kgy>6=?CSJ8=?LI0d=?0¥�c9k58Gl58LI;x° F 2¤�c9:;6H�5d2�58G6=oZ~LICS5¥58GQLE5¥58G6=bO24089k589keI=|@i@r@BA/CS24;h5dJM9kXU36589:24;Q0¥5d2U` 	 9:W{b�7kgfL}08W	LI7:7k=KJ�eELI7:36=uZa2IJ{58GQ=ALI08gBW{bU5d2I589:CjCS24W	W{24; WC\YXAY3 � L?��LjCS2436bU7:9:;QH6D1wxG6=V2�eI=KJMLI7<7�CS24;Q0dbU9kJ`LICSgj2IZ�58G6=?0d=�5¨�,2A=Sv�=?CS580�9:0c5d2jW	LI9<;T58LI9:;�58G6=�CS2IJ8J8=?CS5d=?> W
�h3ULEJ � W	LI0801�#=?7<7§LEXO2�eI=¥58G6=¥=SmBbO=KJM9<W{=?;T58LI7§36bQbO=KJxXO243Q;Q>�DxwxGQ9:01CS24;QCK7:3Q089:24;z9:0cZ~36JM58G6=KJ1CS24;6�UJMW{=?>
9:;heI=?0d589kH4LE589:;6H1=SmB5dJM=?W{=#eELI7:36=?0§2IZ � � µ�
 U Y ` �  �Za2IJ�GQ9kH4G�58LI;)° F LI;Q>VJ8=?0d2IJM589:;6H F W{2IJ8=K2�eI=KJ F 5d2i;Q24; aK=KJ82e�LI7<36=?0)2IZoa��ED

w§2f083QWÅ36b F �,=|>6=?W{24;U0d5dJMLE5d=?>�58GQLE5 F >Q36=A5d2y58G6=�@i@r@BA/CS2IJ8JM=?CS589k24;Q0{5d2y58G6= WC\��B3QLEJ � W�LI080 F5d2IbH\¨>62¤�c; WC\YX A @�9<0c=Sm6CK7:3Q>6=?>}9:;�58G6={CKLI0d=�# 0 ® DVN|2IJM=K2�eI=KJ F 9:;¡¢ « Z¤£ 58GU9:01CS24;UCK7:3Q089k24;}GQLI0iXO=K=?;=SmB5d=?;U>6=?>j5d2	58G6=�ZaJMLIW	=K�#2IJ � 2IZ�W	9:;Q9<W	LI7O;624;]\¨3Q;Q9:eI=KJM08LI7O08CKLI7:LEJcW�LI080d=?0KD
Áx=KH4LEJ`>Q9:;6HP58G6=3# & ® CKLI08= F 58G6=|@i@r@BA/CS24;h5dJM9kXU36589:24;Q0�5d2y58GQ= WC\��B3QLEJ � W�LI080¥5836JM;¡5d2y;6=KH4L \

3

3.2

3.4

3.6

3.8

4

4.2

1500 3000 4500

G
eV

m0 (GeV)

Upper Bound

mtree
b

mcorr
b

3

3.2

3.4

3.6

3.8

4

500 1000 1500

G
eV

M1/2 (GeV)

Upper Bound

mtree
b

mcorr
b

� [t  � %  
ª�9kH436J8=1«BD Z �����������������������! #" ( " )%$�& �'��� $�( �� ����)�+*,�.- &0/1(32 �54�6�7.*,�)��8#9:��-;-<� (!=;>@?5ACBED@F,G H ���� �I1J BKHMLON �
P �����.�RQ0��S�T�JVUW-#�����'UX�� �� (�Y ! �; .[Z�\;] B_^@^`H@H�acbed ���� 	f Bg^hLji U3�!�)�3�+k�l5U3� P �����.�mQ # S (n2 �o p�rq,���! @��� $ �
& � .[Z�\;] UW-s- ( *, �UX�� �� ( TtJ BKu@H@HpHvacb�d ���! #f Bw^xL



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

3

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

30 32.5 35 37.5 40 42.5
G

eV

Tan β

Upper Bound

mtree
b

mcorr
b

ª�9kH436J8=�«BD [ � � �;�;�v��������� ���� V" ( " )K$�& �'��� $.( �� �����+*,�.- &0/:(n2 �#4�6�7.*,�)��8V9o��-�-�� ( . Z�\;] BgD@HpH�acb�d�� T�J B
u)HpH@Hvacb�d�� I1J B H ���! #f B ^xL

589keI=ue�LI7:3Q=?0 F LI;Q>¡58G6=KJ8=KZ~2IJ8=ACS24;Q0dbU9kJM=�5d2}XQJM9:;QH|58G6=A5dJ8=K=j7k=KeI=?7,W	LI080�>Q9:CS58LE5d=?>�XBg WC\YX7A @�� \�Q��T\~�58G6={=Smtb�=KJ`9:W{=?;h58LI7�JMLI;6HI= � «BDiX� `D�wcG6={e�LI7<36=�2IZ,58LI;x°¾>Q9kJ8=?CS587:g�LI;Q>yCSJM9:589:CKLI7:7kgPCS24;T5dJ8247<0r58G6=	089baK={2IZ
58G6=	W{=?;h589k24;6=?>l@i@r@BAsCS24;T5dJM9:XU36589k24;Q0 � 5d2IHI=K58G6=KJ¥�c9k58GP2I58G6=KJ�bULEJMLIW{=K5d=KJM0�L�v�=?CS589:;QH|58G6={>6=K58LI9:7:0�2IZ
58G6=AbULEJ8589:CK7:=u0dbO=?CS5dJM3UWo  F 0d=K=,)1��D � «BD Z  `Dl»�G6=?;¡58LI;x°	� [E® F 9k5�5836J`;Q0�243Q5¥58GULE5¥58GQ=A0M9baK=o2IZ158G6=;624;]\¨>6=?CS243QbU7:9:;6HuCS24;T5dJ`9kXU36589k24;U0i9<0i;Q2I5�0M3�
�CK9k=?;h5�5d2jXQJM9:;6Ho58G6={eELI7:36=¥2IZ `,+.-0/5/� �c9k58GU9:;z58GQ=¥=SmtbO=KJM9Y\
W{=?;h58LI7:7kg{LI7:7k2¤�#=?>�JMLI;6HI= � «BDiX� `D<��;	58G6=12I58G6=KJ#GULI;Q> F LE5#eI=KJ8g	7:LEJ8HI=c58LI;x°� F ® 58G6=cCS2IJMJ8=?CS589k24;Q0,LEJ8==SmtCS=K=?>U9:;6H47kg�7:LEJ8HI= F LI;Q>{2IZ~5d=?;�A @À9<0�;62I5YLIC`GQ9k=KeI=?>	XO=?CKLI3Q08= ` +.-0/5/� 9:0�Z~243Q;Q>�5d2VXO=)X�=?7:2��¿58G6=x7:2��,=?0d5
=SmBbO=KJM9<W{=?;T58LI7Y7:9:W	9k5KDowxG6={bQJ8=?CK9<0d=	eELI7:36=?0r2IZ)58LI;)°ÀLEJ8=o;ULE5836JMLI7:7kgPW{2t>6=?7Y\1LI0��#=?7:7YLI0�bULEJ`LIW{=K5d=KJ \
0dbULICS= \¨>6=KbO=?;Q>Q=?;T5 F 58G62436H4G F �c9:58GQ9:;	W	9<;Q9:W	LI7Q0M36bO=KJ8HIJML?et9k5¹g5\¨9:;U0dbU9kJ8=?>�W{2B>Q=?7:0Y9k5�9:0#2IZa5d=?;uZ~243Q;Q>o58GQLE558G6=jeELI7:36=?0�Z~2IJ	�cGQ9:C`G A;@%9:0{W{24085�;QLE5836JMLI7<7kglLICMGU9k=KeI=?>¾7:9:=A9<;�58GQ=jJMLI;6HI=|58LI;)° : c4®��Fc FBD d�;
58G6=�;6=Smt5)0d=?CS589k24; WC\YX A;@ �c9:7<7UXO=�9:W{bO240d=?>u24;A5d2Ib|2IZ§L�b�LEJ8589:CK3Q7:LEJ)083Qb�=KJMHIJML?et9k5¨g \¨W{2I589keELE5d=?> U;@iw
58G6=K2IJM9k=?0 F ;QLIW{=?7kg ��^ H  K�M[DI 
 � ^ � 
SI  F LI;Q>¡�,=o�19:7:7Y;Q2I5¥083QJ8bQJM9:0M9:;6H47kgz>QJML?� CS24;QCK7:3U089k24;Q0V089:W	9:7<LEJ�5d2
�cGQLE5)�,=�2IXQ58LI9:;zG6=KJ8=ID

:1;�� � �OL$M�L�� C K������1> ����� ��� RT?�J! MBI#"$��GEC K%�&� I(')� K%�

�¿CSJM9k589<CKLI7T9:080M36=#CS24;QCS=KJ`;Q9:;6H158G6=,0M36bO=KJM0dgtW	W{=K5dJM9:C�=Smt5d=?;Q089:24;Q02IZQ58G6=�@t58LI;Q>QLEJM>�N|2t>6=?7B9:0LI080d2tCK9:LE5d=?>
�c9k58G�58G6=xW	=?CMGQLI;Q9<08W¦2IZO0836bO=KJM0dgtW	W{=K5dJ8g � @i@�@�A� §XQJM=?L � 9:;QH6DwxGQ=)J8=?083Q7k589<;6H1b�LE5d5d=KJM;{2IZ�0d2IZ~5#@i@�@�A
XQJ8=?L � 9:;6H � @Q@��x r5d=KJ`W	0 F LEbQbO=?LEJM9:;QH�9:;l58G6=o=SvO=?CS589keI=+*§LEHIJMLI;6H49:LI;�LEZ~5d=KJ�9<;T5d=KHIJMLE589<;6H�2¤eI=KJ	58G6=A0d2A\CKLI7:7k=?>jGQ9<>Q>6=?;A0d=?CS5d2IJ F >Q=K5d=KJMW	9:;6=?0�58GQ=�7k2�� =?;Q=KJ8HIgob�G6=?;624W{=?;6247:2IHIgIDYwxGQ9:0,bULE5d5d=KJ`;|9:0)CS24;Q0d5dJ`LI9:;6=?>XO2I58G|XBgu58GQ=K2IJ8=K589:CKLI7 � 
�����x;ULE5836JMLI7:;6=?0M0x9:;j58G6= 519:HIH4010d=?CS5d2IJS )LI;Q>zbUG6=?;624W{=?;Q247k2IH49:CKLI7 � 
)� � � MUL�eI2IJ
CMGQLI;QH49:;6HV;Q=?365dJMLI7Q9:;h5d=KJMLICS589k24;U0 F ª 6#, d8 �JM=)�h3Q9:J8=?W{=?;h580KD-,c=KeI=KJ858GQ=?7k=?080 F 58G6=1;B3QWVXO=KJ�2IZY[ N�P \©^ P \ Z~J8=K=GQ9kH4GA=?;6=KJMHIgub�LEJMLIW{=K5d=KJM0x9<;AHI=?;6=KJM9:CV@�@�@BA XQJ8=?L � 9:;6H	08CS=?;ULEJM9k240x9:0)3U;QCS24W{Z~2IJ858LEXU7kgueI=KJ8gA7:LEJ8HI=ID

wxG6=KJM=c=Sm69:0d5 F G62��,=KeI=KJ F bULEJ8589<CK3Q7:LEJ�08CS=?;QLEJM9k240#�cG6=KJM=c24;6=i=SmBbO=?CS580�0d24W{=i2IZ�58G6=?08=ib�LEJMLIW{=K5d=KJM0,5d2e�LI;U9:08G�D d�;j58G6=�CS24;h5d=Smt512IZ�58G6=�082�CKLI7:7k=?> ��^ H  K�M[DI 
 � ^ � 
�I  V¢YX* [¤£ F 58G6=�08CKLI7<LEJc0d2IZ~5xXQJ8=?L � 9:;6H	W	LI0M0d=?0e�LI;U9:08GzLE5r0d24W	=�GU9kH4G|=?;6=KJMHIg�9:;6b�365c08CKLI7k=¥�cG6=KJM= %M^ � � � [AP S�� ^I� � \�Q©\©^E�  iLEJ8=�0d=K5 F �/. + D��1;QLI7:2IHI243Q0XO243Q;Q>QLEJ8g�CS24;Q>Q9k589k24;U0{LEJM9:0d=j9:;�=Smt5dJMLf>Q9<W{=?;Q089k24;ULI7#XUJMLI;6=jW{2t>6=?7:0��c9k58G�H4LI3QHI=zW{=?>Q9:LE5d=?>À@i@�@�A
XQJ8=?L � 9:;6H}¢YX* cE£ D�wxG6=¥7k2�� =?;6=KJ8HIgzbULEJ8589:CK7k=�0dbO=?CS5dJM3QW/58G6=?;P>6=KbO=?;Q>Q0124;P58G6=¥;Q24;]\ e�LI;U9:08GQ9:;QH	9:;6bU365
bULEJMLIW{=K5d=KJ`0o2IZ�58G6=�58GQ=K2IJ8g F 
)� � � 58G6=�H4LI3QH49:;62�W	LI080d=?0 F 58G6J82436H4G�J8=?;62IJMW�LI7:9ba?LE589k24;�HIJ82436b � Á&U� 



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

JM3Q;Q;U9:;6H6D
d�;�Áx=KZÂDB¢YX* F £ 9k5¬�,LI0�08G62¤�c;�58GULE5¬J8=)�B3Q9kJM9<;6H `�� � ® LE5E� ±h²E³ : Z�� X ® µ¨¶ U�=�>�9:0§;62I5§CS24W{b�LE589kXU7k=

�c9k58G�7k2��s=?;6=KJ8HIglbUG6=?;624W{=?;Q247k2IHIgID ,1=KeI=KJ858G6=?7k=?0M0 F 9kZ � ±T²E³ & ��. + �c����� � Z � c�� X ®Bµ�� Ui=�> F
U;@iw 9:;h5d=KJMLICS589k24;Q0cJM3Q;Q;Q9<;6HVW	L�gAHI=?;6=KJMLE5d=�et9:LEXU7:=ib�LEJ8589:CK7k=�0dbO=?CS5dJML|¢YX*I« £ D

d�;�58GQ9:0�0d=?CS589k24;��#=x9<;TeI=?0d589:H4LE5d=c58GQ9:0�bO24080M9kXU9:7:9:5¨g�Za2tCK3Q089<;6H�24;{5¨�,2�089:W	bU7k=&U;@1wc0 F ;QLIW	=?7kg�Ã`_ � F4 LI;Q>�HI=?;6=KJMLI7�Ã�Ä � X ®  c¢YX* T�£ D�wxG6=)J8=)�B3Q9kJ8=?W	=?;T5�2IZ AY3 � L��,LVCS2436bU7:9<;6Hi3U;Q9k�UCKLE589k24;�LE5�58GQ=eU;@1w¾08CKLI7k= F5d2IHI=K58G6=KJ��c9:58G�LI7:7 � ;62��c;PbUGQ=?;624W{=?;6247k2IH49<CKLI7CS24;U0d5dJMLI9:;h580 F GQ9kH4GQ7:guJM=?0d5dJM9:CS580i58G6=�bULEJMLIW	=K5d=KJ�0dbULICS=2IZ�58GQ=xW{2B>Q=?7:0�3Q;Q>6=KJ�08CSJ`36589:;hg F J8=?;Q>6=KJ`9:;6Hi58G6=x7:LE5d5d=KJYGQ9:H4GQ7kg�bQJM=?>Q9:CS589keI=IDOdÂ;�58GQ=xW	9:;Q9:W�LI7B08=K5d589:;6Hr5d2�cGQ9:C`G��#=cJ8=?0d2IJ85 F 9:;�Z~LICS5 F 24;QCS=x�QmB=?>{58GQ=���. + 08CKLI7k= F 24;Q7kg¥5¨�,2�bULEJMLIW	=K5d=KJM0Y>6=K5d=KJ`W	9:;6=�58G6=xb�LEJ8589:CK7k=0dbO=?CS5dJM3QW F ;QLIW{=?7:gj58G6=¥CS24W�W{24;}H4LI36H49:;62AW	LI080�LE51� [ ]#_ LI;Q>�58G6=VJ`LE589k2o2IZ#58G6=¥5¨�,2Z5i9kHIH40ieI=Ket0 F58LI;)°�D
d�;{�cGQLE5�Z~247:7k2¤�c0��,=108GQ2��¾58GULE5YL�bO2IJ8589k24;�2IZO58G6=1LI7:7k2��,=?>	b�LEJMLIW{=K5d=KJ�0dbULICS=c9:0YCS24W{bULE589kXU7:=x�c9k58G

58G6=)CK36J8J8=?;h5�>QLE58L�24;�58G6=xCS247:> 8 LEJ � NzLE5d5d=KJ,CS24;T5d=?;h5�2IZ�58G6=j@1;Q9:eI=KJM0d=�ZaJM24W 58G6=�»�N�� e 0836J8eI=KgA¢ « £ D»y=jLI7:0d2�>U9:08CK3Q080�58G6=�bUJ8240dbO=?CS580�Z~2IJ{;6=?365dJMLI7<9:;62|>Q9kJM=?CS5V>6=K5d=?CS589k24;�¢YX*+* £ F LI;Q>lLEJ8H43Q=o58GQLE5�LP7:LEJ8HI=bULEJ85)2IZ�58G6=�CS2408W	247k2IH49:CKLI7:7kgubQJ8=KZ~=KJ8J8=?>AJM=KH49k24;j�c9:7<7�XO=r�c9:58GQ9:;uJ8=?LICMGz2IZ * 5 6 ¢YX* Æ £ D
,12A\¨08CKLI7k=�XO243Q;Q>ULEJ8g�CS24;Q>Q9:589k24;Q0�;QLE5836JMLI7<7kg�LEJM9:08=�9<;Ae�LEJM9:243Q0�CS24;T5d=Smt580¥¢YX* [¤£ D`dÂ;A58GQ=rZaJMLIW	=K�#2IJ �

2IZ)0836bO=KJM0d5dJM9<;6HA58G6=K2IJM9k=?0VLI;l9:;Q0858LI;QCS=�9:0rbUJ82�et9:>6=?>yXBg}�#=?L � 7kgyCS2436bU7:=?>�	 � � 	 � G6=K5d=KJ82I589:C	085dJM9:;6H58G6=K2IJ8g�CS24W{bULICS589:�Q=?>¿24;�L\6�LI7:LEX�9Y\qAYLI3¿W	LI;Q9:Za247:> � 9kZ158GQ=|2�eI=KJMLI7<71W{2t>Q3Q7<3Q0¥�Q=?7:> F �cG6240d=|0MCKLI7:LEJCS24W{bO24;6=?;h5iJM=KbQJ8=?0d=?;h580�58G6={089baK=�2IZY58GQ=�CS24W	bULICS589k�Q=?>y0db�LICS= F >624W	9:;QLE5d=?0�58GQ=	@�@�@BAºXQJ8=?L � 9:;6H F LI09k5o9<0	58G6=}CKLI0d=}�cG6=?;¾58GQ9:0�9<0�5dJM9:HIHI=KJ8=?>¾XBg¿H4LI36H49<;62�CS24;Q>Q=?;Q08LE589k24; F 58GQ=y@Q@ ��08CKLI7:LEJAW	LI080d=?0 F LI0�#=?7<7#LI0V58G6=u5dJM9:7:9:;Q=?LEJ�08CKLI7:LEJ{CS2436bU7<9:;6H40 F e�LI;U9:08G�¢YX Æ ®�£ Dy�i;QLI7k2IHI243Q0�GQ9:H4Gf=?;6=KJ8HIg�0d5dJM3QCS5836JM=?0VGQL�eI=XO=K=?;o08GQ2��c;�5d2�LEbUb�=?LEJ,LI7:0d2�9:;�GQ=K5d=KJ82I589:C �F\ 58G6=K2IJMg�¢YX Æ X £ D#ªQ3QJ858G6=KJMW{2IJM= F LV;62A\¨08CKLI7k=�@Q@���b�LE5d5d=KJM;LEbQbO=?LEJM0��c9k58G¥H4LI36H49<;62�W{=?>Q9:LE5d=?>u@i@�@�A�XQJ8=?L � 9:;6Hr9:;¥=Smt5dJML�>Q9<W{=?;Q089k24;ULI7TXQJ`LI;6=)W{2B>Q=?7:0)¢YX* cE£ DYwxG6=
eB9<089kXU7k=	LI;U>lGQ9:>U>6=?;f0d=?CS5d2IJM0�7:9:eI=�24;¡>Q9nvO=KJ8=?;T5 [ \ XQJMLI;6=?0 F LI;U>�@i@r@BA XQJ8=?L � 9:;6HP9:0�CS24W�WV3Q;U9:CKLE5d=?>58G6J82436H4Gl58G6=uN}@Q@6N H4LI36HI=A0836bO=KJ8�U=?7:>Q0ibQJ82IbULEH4LE589<;6Hz9:;l58G6=	XU3Q7 � D|@t9:;QCS=o08CKLI7:LEJM0VLEJ8=o0d=Kb�LEJMLE5d=?>
ZaJM24W 58G6=V@i@r@BA XQJ8=?L � 9:;6H{XQJMLI;Q= F 58G6=KgoHI=K5i;6=KH47:9kH49:XU7k=�0d2IZa5)XUJ8=?L � 9<;6H	W	LI080d=?0cLE5 �/. + Dd�;�W{2t>6=?7:0��c9:58G�3Q;Q9keI=KJ`08LI7EH4LI36H49:;621W	LI080d=?0 F 58G6=#;62A\¨08CKLI7k=,@U@��y08CKLI7:LEJW	LI080�XO243Q;U>QLEJ8g1CS24;U>Q9k589k24;
`�� � ® 9:0�;Q2I5�CS24W{bULE589kX�7k=	�c9k58Gy7:2���=?;Q=KJ8HIgybUG6=?;624W	=?;6247k2IHIg F 9:Z#58G6=u9:;6bU3Q5�0MCKLI7k= �/. + 9:0�58L � =?;5d2�XO=o58G6=u0MCKLI7k=o2IZeU�JMLI;Q> @1;Q9:�UCKLE589k24; � ±T²E³ : Z
� X ® µ¨¶ Ui=�>�¢YX* F £ DgdÂZ ` � � ® LE5¥58G6=A08CKLI7k=
�cG6=KJ8=�@6NRH4LI3QHI=�CS243QbU7:9:;6H40#3Q;Q9kZ~g F 9<;�Z©LICS5 F 58G6=�W	LI080,2IZ¬58G6=�7:9kH4Gh5d=?0d5�0d58LI3u5836JM;Q0#24365,5d2�X�=�LI7k��L?gt0
 =�	[DI5Ib
:PY58GQLI;o58G6=iW	LI080,2IZ�58G6=�7:9kH4Gh5d=?0d5#;6=?3Q5dJMLI7:9:;62 F J8=KH4LEJM>Q7k=?0M0Y2IZ�58GQ=ceELI7:36=c2IZ¬58G6=c5dJM9<7:9:;6=?LEJY0MCKLI7:LEJCS2436bU7:9<;6H a	��DV@t9:;QCS=V58G6=)*@ e 9:0iJ8=)�B3Q9kJ8=?>z5d2AX�=¥=?7k=?CS5dJM9<CKLI7:7kg|LI;Q>}CS247k2IJ�;6=?3Q5dJMLI7 F LI0r9:;Q>Q9:CKLE5d=?>zXhg0d5dJM9:;QHI=?;T5YCS240MW{247k2IH49:CKLI7�XO243Q;Q>Q0x¢YX Æ Z¤£ F 0d=K5d589:;QH"`�� � ® LE5&� ±h²E³ 9<0�JM3Q7k=?>	243651¢YX* F £ D ,1=KeI=KJ858G6=?7k=?0M0 FLI0)bO249:;h5d=?>A24365x9:;f¢YX* F F X*I« £ F 9kZ§58G6=V@Q@��À9:;6bU3Q5,08CKLI7:=�9:0;In[RP4��
 P�58GQLI; � ±T²E³ F Á&U =KeI247:36589k24;z>6JM9keI=?;
Xhg U;@iw \¨>6=KbO=?;Q>6=?;h5)9:;T5d=KJ`LICS589k24;Q0xCKLI;|0MGQ9kZ~5 `��1ZaJM24W aK=KJ82	5d2	0d24W{=�;Q24;]\ e�LI;U9:08GQ9:;QH � LI;Q>AbO2408089:XU7kg
;624;]\¨3Q;U9keI=KJM08LI7a �eELI7:36=|LE5�� ±T²E³ F J8=?;Q>Q=KJM9:;6HP58G6=|W{2t>6=?7)CS24W{bULE589:XU7k=A�c9k58G�58G6=|LEXO2¤eI=zW{=?;h589k24;6=?>CS24;Q0d5dJMLI9<;T5KD

wxGQ9<0�b�240M089kXU9:7<9k5¨g	GQLI0cXO=K=?;|0d583Q>Q9:=?>j9:;jL � \a�U\ �	[DI6H4LI36H49<;62�W{=?>Q9<LE589k24;|0d=K5d589:;QH�9:;f¢YX*I« £ F �cG6=KJ8=58G6=�b�LEJMLIW{=K5d=KJr0dbULICS=¥�,LI0i58L � =?;P5d2uX�= � ��. + F � µ�
 U  cLI;Q>��:� � ® LE51�/. + F G6=?;QCS=¥�6mt9<;6H	58LI;)°¡Xhg58G6=¥JMLI>Q9:LE589keI=¥=?7k=?CS5dJ82¤�#=?L � 0dgtW	W{=K5dJ8gzXQJ8=?L � 9:;6H � Á=)�» @��x 1CS24;Q>Q9k589k24;U0KD d�;¡¢ «+* F X* Æ £ F 9<;Q0d5d=?LI> F 9:;2IJM>6=KJr5d2jZ©3Q7k�U7<7	AY3 � L?��LjCS2436bU7:9<;6Hu3U;Q9k�UCKLE589k24; � A @�  F 58GQ=� � � ® LI08083UW{bQ589k24;��,LI0�J8=?7:L�mt=?> F LI;Q>58G6=�bULEJMLIW{=K5d=KJ�08bULICS={�,LI0�58L � =?;f5d2uXO= � 58LI;)° F � µ�
 U  1LE5r�6mt=?>U��. + D8dÂ;P58GQ9<01b�LEb�=KJi�,={J8=?0d2IJ85�5d2
58GQ9:0�0d=?CS24;Q>�bO24080M9kXU9:7:9:5¨g F Za2tCK3Q089<;6H�24;¾Ã^_ � F4 �LI;Q>¡HI=?;6=KJ`LI7cÃ�Ä � X ®  �U @1wx0|¢ «+* £ D d�;�XO2I58G¡CKLI08=?0 FCS24;Q089:085d=?;T587kg��c9k58GP58G6= U;@iw¦0d5dJM3QCS583QJ8= F �#={JM=)�h3Q9:J8= WC\YX AY3 � L?��LjCS2436bU7:9<;6Hu3U;Q9k�UCKLE589k24; � A @� `D��i09:;A58G6=rbQJM=KeB9k243U0,08=?CS589k24; F �,=�J8=?0d2IJ85)5d2	L Q ^ N H � ^ � � LEbUbQJ824LICMG�¢ « Z¤£ F 9:W{bO24089<;6H�=Sm6LICS513Q;U9k�UCKLE589k24;ALE5
� ±h²E³ F LI;Q>P0d=K5d589:;6H � � � � ±T²E³   � � 	 � � ±T²E³  c9:;|2IJM>Q=KJ15d2u2IXQ58LI9:;�58G6=�CS=?;T5dJMLI7=SmtbO=KJM9:W{=?;h58LI7�eELI7:36=2IZ ` 	 � � � iLE5�58GQ=	�#=?L � 08CKLI7:=ID	»y=	58G6=?;fCS24W	bU365d=	58G6=,W \��B3QLEJ � W	LI080�LE5d��¾9:;QCK7:3U>Q9:;6Hj@i@�@�ACS2IJ8J8=?CS589k24;U0�¢YX* ®�£ D{»y=�CS24;Q089<>6=KJr58G6={W{2t>6=?7x� ^ �eNt[ Q©\ % Ib
��c9k58GUWC\YX A @º9kZ#58G6={CKLI7:CK3Q7:LE5d=?>fe�LI7:3Q=¥2IZ
` +.-0/5/� � � �§ ,7:9k=?0x�c9k58GQ9:;o58G6= Æ F��c6iD *�D6J`LI;6HI="` � � ��  � Z � * [ <�® � ZRZ ¢ « Æ £ D��558G6=#08CKLI7:=S�/. + �,=#08=K5¬5d2 aK=KJ821XO2I58G�58G6=#0d2IZ~5¬XUJ8=?L � 9<;6Hc08CKLI7:LEJ�W	LI0808=?0§LI;Q>�58G6=Y5dJ`9:7:9:;6=?LEJ�0MCKLI7:LEJ



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

CS2436bU7:9<;6H40 F �1GQ9:7k=|LI7:7:2��c9:;QH};Q24;]\ e�LI;U9:08GQ9:;QH 5i9kHIH40oW	9nm69:;6HfW	LI0808=?0 � F 0836bO=KJM0dgtW	W{=K5dJM9<CuGU9kHIH4089:;62W	9nm69:;6Hj5d=KJMW #ÀLI;Q>lH4LI3QH49:;62�W�LI080d=?0KDPwxG6=o7<LE5d5d=KJ¥LEJ8=A0836bUb�2408=?>f5d2PX�=o3Q;Q9keI=KJM0MLI7YLE5�� ±h²E³ D �
LI;Q>7#�LEJ8=	5dJMLI>6=?>lZa2IJB���LI;Q>l58LI;x°¾58GQJ82436H4GlÁ=)�» @��iD¬wxG6=KJM=KZa2IJ8=��#=uLEJ8=o7k=KZ~5��c9:58Gy24;Q7kgP5¨�,2
bULEJMLIW{=K5d=KJ`0 F � µ�
 U F 58G6=	3Q;U9keI=KJM08LI7eELI7:36={2IZ,H4LI36H49:;62|W	LI0M0d=?0�LE5�58G6= U @1w 0MCKLI7k= F LI;Q>}58LI;x°�D{»y=0d58LEJ85	�19k58G�Ly5dJM9:LI7�eELI7:36=jZ~2IJ � ±T²E³ F 6 ±T²E³ LI;Q>�Z~2IJ	58G6=|5d2IbÀLI;Q> WC\YX'AY3 � L?��LI0 F LI;Q>�JM3U;�58G6=?W36bf5d2 ��. + F LICKCS2IJM>U9:;6H|5d2�58G6=	bULEJ8589<CK3Q7:LEJ�C`G6240d=?; U @1w+W{2t>6=?7_D )YeI247keB9<;6H|58G6=u@U@��¦W	LI080d=?0VLI;Q>
5dJM9:7:9<;6=?LEJ,CS243QbU7:9:;6H40#Z~J824W ��. + 5d2�� ±h²E³ F LEH4LI9:;j>6=KbO=?;Q>U9:;6H�24;A58GQ=8U @1w�H4LI3QHI=rHIJ82436b F �,=r2IXQ58LI9:;L��UJM0d5�LEbQbQJ82�mt9:W�LE589k24;�2IZ¬58G6=r@U@��¾0d5dJ`3QCS5836J8=12IZ�58G6=rW{2t>6=?7�LE5 � ±T²E³ D�ªQ36J858G6=KJ,=KeI247:36589:24;u>Q2��c;u5d2
58G6=��,=?L � 08CKLI7k= F bO=KJ8Z~2IJMW{=?>j�c9:58G|58G6=8d8@t��� )#w bULIC � LEHI=|¢YX [ Æ £ F LI7:7k2¤�c0x5d2uLI>#3d3U0d5x58G6=Ve�LI7:3Q=�2IZ�58G6=AY3 � L?��LI0VLI;Q>f5d2|�U;Q>}58G6={eELI7:36=?0�2IZ&� ±T²E³ LI;Q>R6 ±T²E³ CS24;Q089:0d5d=?;h587kgP�c9k58Gy58GQ=	7k2�� =?;Q=KJ8HIgl@i@�@�A
=Sv�=?CS589:eI=c58G6J8=?0MG6247:>�LI;Q>��c9k58G�58GQ=1@6N�H4LI3QHI=cCS2436bU7:9<;6H1J`3Q;Q;Q9:;QH6D¬wxG6=��cG6247:=x7k2h2Ib	9<0�58G6=?;�J8=KbO=?LE5d=?>
3Q;h589:7OCS24;TeI=KJ8HI=?;UCS=V9:0�Z~243Q;Q>�D d�;AbQJMLICS589:CS=r�,=��U;U>o58GULE5)58G6J8=K=�7k2B2IbU0)LEJ8=�083 
�CK9k=?;h5,5d2o0d58LEXU9:7:9 aK= F Z~2IJCS24;Q089:085d=?;QCSg F 58G6=¥@U@��¾b�LE5d5d=KJM;zLI0)�,=?7:7�LI0x58G6= AY3 � L?��LI01LI;U>A58G6=@U;@iw 08CKLI7k=VLI;Q>|CS2436bU7<9:;6H6D

�,=?089:>6=?0z083QCKCS=?080dZ©3Q7"WC\YX A @ F �,=yJ8=)�B3Q9kJ8=}58G6=yZ©3Q7k��7:7:W{=?;h5�2IZ�58G6= � ;62��1;�bUG6=?;624W{=?;Q247k2IH49:CKLI7CS24;Q0d5dJMLI9<;T580iLE5�58G6=V7k2¤� =?;6=KJ8HIg|08CKLI7k=IDi»y=��U;Q>z58GQLE5158GQ=VW{240d5�0d5dJM9<;6HI=?;T51XO243Q;Q>zCS24W	=?01Z~J824W/58G6=
9:;QCK7:3U089keI=iXQJMLI;QC`GQ9:;6H�JMLE589k2 �¥¸ � W � �G��  F �1GQ9:CMGA�,=�J8=)�B3Q9kJM=i5d2o7:9k=�9:;A58G6=rZ~247:7k2¤�c9:;6H�JMLI;QHI=o¢YX Æ [¤£ �

Z � X?« � X ®�� ¯ & �¥¸ � W � �G��  & c � [ c � X ®�� ¯ � � «BD|F4 
ª�9:;QLI7:7kg F �,=|CS24W{bU3Q5d=u58GQ=jJ8=?083Q7k589<;6H�;6=?3Q5dJMLI7:9:;62PJ8=?7:9<Co>6=?;U089k5¨g�� ^ � U LI;Q>�58G6=j0dbU9:;�9:;U>6=KbO=?;Q>6=?;h5;6=?365dJMLI7<9:;62A\ bQJ82I5d24;�CSJ824080�0d=?CS589k24;	��
�^�� F 3Q089:;QH	58G6=�7:LE5d=?0d5iJ8=?7k=?LI0d=¥2IZ�58G6=����������������ACS2B>6=j¢ TRT�£ DrwxG6=
J8=KZ~=KJ8=?;QCS=�JMLI;6HI=iZa2IJ�58G6=r;6=?3Q5dJMLI7:9:;62�J8=?7:9:CiLEXU3Q;Q>ULI;QCS=19:0#58L � =?;jZ~J824W+58G6=i»�N�� e 5d=?LIW >QLE58L�LI;QLI7Y\
gB0M9:0K·T089<;QCS=x58G6=x7k2¤�#=KJ�7:9:W�9k5CKLI;�XO=)=Ke�LI>6=?>o3Q;Q>6=KJ�58GQ=cGTgBbO2I58G6=?089:0�2IZ�58GQ=x=Smt9<0d5d=?;QCS=x2IZ�LI;62I58G6=KJ,CS247:>
8 LEJ � NzLE5d5d=KJ�CS24W{bO24;6=?;h5�XO=?089:>6=?0r;6=?3Q5dJMLI7:9:;6240 F 2IJ�2IZ);624;]\ 58GQ=KJMW	LI7�bQJ82t>Q3QCS589:24;}2IJVCS2408W{247:2IH49:CKLI7J8=?7:9:C�LEXU3Q;Q>QLI;UCS=�=?;QGQLI;UCS=?W{=?;T5 F �,=V58L � ={G6=KJ8=¥LI01LuCS24;Q0d5dJ`LI9:;T5124;Q7kgj58G6= Æ F�� 6iD *�D�36bQbO=KJxXO243Q;Q>
� ^ � U � ® � X Z * T D
��� ���"! #%$'&)('*,+.-�/10,23&547698;:1<=/10>-?&
dÂ;f58G6=�W	9:;U9:W	LI7�Ã`_ � F4 �U;@iw W{2t>6=?7c¢YX Æ cE£ 58GQ=�W	LE5d5d=KJ�CS24;T5d=?;h5�2IZ�58G6=oN}@Q@6N$9:0rCS247<7k=?CS5d=?>l9:;h5d2
L @ �BAC%D F AE  iLI;U>fLGF�H �IAJ F A_ D F A	 D  �083Qb�=KJ`WV3Q7:589kbU7k=K580KD�wcG6=Q519:HIH40�0d=?CS5d2IJVCS24;h58LI9:;Q0�58G6J8=K=	0836bO=KJ \
WV3U7k589kbU7k=K580 � AK �3L�M   F J8=?0dbO24;Q0M9kXU7k={Z~2IJV58GQ=AÃ`_ � F4 �XUJ8=?L � 9<;6H|5d2P58G6=j@QN$H4LI36HI=oHIJM2436b F AN µ � @U �LI;Q>AN U � @U �CS24;h58LI9:;Q9<;6Hj58G6=�N}@Q@6N 519kHIH40V>62436XU7:=K5�0M36bO=KJ8�Q=?7:>Q0 ANPO LI;Q> ANRQ D	wxG6=	LI>Q>U9k589k24;QLI7bULEJ85r2IZ
58G6=�083Qb�=KJMb�2I5d=?;h589:LI7OCS24;h58LI9:;Q9:;6H AK �3L�M  �J8=?LI>Q0 �

SGT � # T w¬J AK Usg X
«�UWV w§J AK Q g U AN µ AK AN U � � «BD «4 

wxG6=1X�243U;Q>QLEJ8g�CS24;Q>Q9k589:24;Q0YLE5,58G6=�08CKLI7k=1��. + Z~2IJ,08CKLI7<LEJ,W	LI0M0d=?0�LI;Q>�5dJ`9:7:9:;6=?LEJ#CS2436bU7:9:;QH40�LEJ8=i58L � =?;5d2	XO=�¢YX* Æ £ �
` µ � � `YX � `[Z W � `[Z Z � ` T � ® Y LI;Q>a ` � a � � a]\ � a V \ � ® �

wxG6=Z519:HIH40{CS2436bU7:9:;QH40 U � � ±h²E³  VLI;Q> U V � � ±T²E³  ��cGQ9:C`G�LEbUb�=?LEJ{9:;¡58G6=j083Qb�=KJMb�2I5d=?;h589:LI7 � «BD «4 �LEJ8=CS24;Q0d5dJMLI9<;6=?> F Z~2IJx58G6=�0d58LEX�9:7:9k5¹g�2IZ58G6=�Á&U;)�=KeI247:36589k24; F 9<;A58G6=rJMLI;6HI=
^ U � � ±h²E³   ^ �=X � F Y ^ U V � � ±T²E³   ^ � [ � ® � � «BD T  

N|2IJM=K2�eI=KJ F 0M9:;QCS= U 9<0cJ8=?7<LE5d=?>z5d2A58G6=�W	LI08012IZ�58G6=�CS247k2IJ8=?> 5i9kHIH40c5dJ`9kbU7k=K51J8=?0dbO24;Q089kX�7k=�Za2IJr;B3QCK7k=K24;>6=?CKL?g F 9k580�eELI7:36=	9:0�JM=)�h3Q9:J8=?>P5d2|XO=�CK7:240d=	5d2j58G6=	36bUb�=KJ�XO243Q;Q>P2IZj)1��D¬«BD T D	wxG6243QH4G}58G6=�0dbO=?CK9k�UCCMG6249<CS=�2IZ U � � ±T²E³  �LI;Q>j2IZ U V � � ±T²E³  �L�vO=?CS580c58GQ=V@Q@��ÀbULEJMLIW{=K5d=KJ`0cLE5 � ±T²E³ F LI;Q>|GQ=?;QCS=�58G6=�7:2��=?;6=KJ8HIgu0dbO=?CS5dJM3QW F �#=�C`G6=?C � =?>z58GQLE5�58G6=�J8=?083Q7:589:;6H�eELEJM9:LE589:24;Q0�LE5)58G6=��#=?L � 08CKLI7k=rLEJ8=r08W	LI7<7_D�wxG6=?9kJ



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

25 30 35 40 45 50
Tanβ

500

750

1000

1250

1500

M
1/

2 
(G

eV
)

No b−τ YU

BR(b−>sγ)

δaµ=−5 10
−10

δaµ=−10 10
−10

Ωh
2
=1.0

Ωh
2
=0.5

Ωh
2
=0.05

mb(MZ)>3.05 GeV

25 30 35 40 45 50
Tanβ

500

750

1000

1250

1500

M
1/

2 
(G

eV
)

10
−10

10
−11

10
−12

10
−13

10
−14

No b−τ YU

BR(b−>sγ)

mgluino=2500 GeV

mgluino=2150 GeV

ª�9kH436J8=V«BD c � N - & ��������� $ * �'���'- /.& � (n2 ���!��* ( �;���+U3� & �����+U $  @����-'U ( k����� v9	* & � ��� & 9o��� & *x-j9:� � ��� ( U $ 9 & 9o�.� (
Q������ b�� � >)?�b	� S�l ���� /.& �: )U3��� $.(�
:N� P  p� ( � $.( U & ������ � $�$ �.� �.��� (r& �#-������ $;2 �'-o� (*>�� < Q �����mb�� � >)?�b	� S�U3� (n2 �
$ ��-�� &�/������������ ( � L



�����������������	� � ��
�
����� 	�������
� � 	 ��� ����� � �	
������ � � �H�

089baK=���LI0�9:;�Z©LICS5�Za243Q;U>V5d2V7:9k= F �c9k58GQ9<;�Z~=K�¿bO=KJMCS=?;h5 F 9:;¥58G6=)JMLI;6HI= � «BD T   F LI0�LI7kJ8=?LI>Qg¥;62I589<CS=?>{9:;j¢YX* Æ £ D»y=�58G6=KJM=KZa2IJ8=r�QmB=?> U � � ±T²E³   � X � Z LI;Q> U V � � ±h²E³   � ® � F�58G6J82436H4GQ24365)2436Jx�,2IJ � D»y=10858LEJ85�2436JYLI;ULI7kgB0M9:0�0d=K5d589:;QHrZa2IJ,>6=K�U;Q9k5d=?;Q=?080 ��. + � � � � � Z � c � X ®Bµ�� Ui=�>{D�w§2IbH\¨>62¤�c; WC\YX
A;@¾CS24;Q0d5dJMLI9:;U0¬58G6=�089kH4;�2IZ�#�5d2�XO=#;Q=KH4LE589keI=�¢ « Z¤£ F LI;Q>�Z~2IJMCS=?058LI;x°A5d2�7:LEJ8HI=,e�LI7<36=?0 � Z *BD»y=�08G62¤�
9:;o58G6=r36bQbO=KJYbULI;Q=?7U2IZª9:H6Dt«BD c 58G6=�LI7:7k2¤�#=?>Ab�LEJMLIW{=K5d=KJ)0dbULICS=r9:;o58G6= � 58LI;x° F � µ�
 U  YbU7:LI;6=iLI;Q>u58G6=CK36J8eI=?0�LE5��6mt=?>%� ^ � U � ® � ® F Y ® � X [ Y ® � F Y X � ® DYwcG6=1gI=?7<7k2���J8=KH49k24;U0Y24;u58G6=�7k=KZ~5 � JM9kH4Gh5` �bULEJ85,2IZ�58G6=�QH436J8=?0Y>62�;62I5#Z~3Q7:�U7:7^W \YX*A;@ F H49ket9:;6HrJ`9:0d=)5d2�` � � � � S0 [ � ® F Ui=�> � JM=?0db�D ` � � � �§  & Z � «]X Ui=�>V `D
>�LI7:36=?0�2IZ158LI;x° 7:LEJ8HI=KJ{58GULI; F]X F XO=?089:>Q=?0�XO=?9:;6HP=Sm6CK7:3Q>6=?>¡XBg\WC\YXA;@ F >62y;62I5�Z~3U7k�U7:7#Á )�» @��iD@t9:;QCS=158G6=�@i@�@�A CS24;T5dJ`9kXU36589k24;U0 �)` ��� � �j58LI;x°���� � � µ�
 U  d  F �19k58G�� � � µ�
 U  #L � 
M�:P�
8[# \a� �rZ©3Q;QCS589k24;2IZ � µ�
 U F LI0c�#=�9:;UCSJ8=?LI0d=d� µ�
 U 58G6=�XO243Q;Q>U0#24; ` � � � �  )LEJ8=�08LE5836J`LE5d=?>|LE5c7:LEJ8HI=KJce�LI7:3Q=?0)2IZ§58LI;c°�DwxG6=�7:9kH4Gh5#X�7:36=�7k2��,=KJ)bULEJ85,2IZ¬58G6=��QH43QJ8=i9<0#J`3Q7k=?>o24365�Xhgo58G6= ��¸ � Wj� �G�� #CS24;Q0d5dJ`LI9:;T5 � «BD|F4 `D,wxGQ9:0
XO243Q;Q> F Z~2IJ #'& ® F XO=?CS24W{=?0i0d5dJ824;6HI=KJrLE5�GQ9kH4G6=KJ158LI;)°�LI;Q>�7:2��,=KJ1� µ�
 U F G6=?;QCS=�58GQ=¥08GULEb�=V2IZ�58G6==SmtCK7<3Q>6=?>|JM=KH49k24;�9<0x=?LI089:7:gA3U;Q>6=KJM0d5d2B2t>�D�»y=¥LI7:082�bU7k2I5i9:0d247k=KeI=?7§7:9:;6=?0xZa2IJi58G6=	@i@�@�A¦CS24;h5dJM9kX�36589k24;Q0
5d2�58G6=PW¥3624;�LI;624W	LI7:243Q0AW	LEH4;6=K589:C}W{24W{=?;h5V���	�UD2512��,=KeI=KJ F >Q36=P5d2�58G6=PCK3QJ8J8=?;h5o58G6=K2IJM=K589:CKLI73Q;QCS=KJ858LI9<;T589k=?0)9<;A58G6=r=Ke�LI7<3QLE589k24;A2IZ58G6=V@6N GQLI>6J824;Q9<C1CS24;h5dJM9kXU3Q589k24; F �#=�>Q2	;62I5x3Q0d=�58GQ9:0s�B3QLI;h589k5¨gLI0oL¡CS24;Q0d5dJ`LI9:;T5 � 0d=K=f@B=?CED [  `D(ª�9:;ULI7:7kg F �#=��U;Q>¾58GQLE5o9:;¾58G6=z�1G6247k=zLI7:7:2��,=?>¾bULEJ`LIW{=K5d=KJj0dbULICS=
` ^ : ® � cRc � µ�
 U 5d2	�c9k58GQ9<;oZ~=K� bO=KJMCS=?;h5x2IZ�LICKCK36JMLICSgID�i0§JM=KH4LEJM>Q058G6=�CS2408W{247k2IH49:CKLI7<7kgrbQJ8=KZ~=KJ8J8=?>�HIJ8=K=?;�J8=KH49k24; F 08LE589<0dZagt9:;6H � Z D ZRZ   F LI;Q>V58G6=,X�=?GUL?et9k2IJ§2IZ58G6= � ^ 9:0d247k=KeI=?7¬CK36J8eI=?0 F �,=��U;U> Z ` ^ ´ `�
 F 9:;A58G6=rJMLI;QHI= c4® �À58LI;c°� c F F �cGQ=KJ8=1`�
l9:;U>Q9:CKLE5d=?058G6=zprq \ 2t>Q>�;6=?365dJ`LI7 519kHIH40�a%W	LI080 U D¡wxG6=j7:9:;Q=uLE5 Z ` ^ � `�
 7:9:=?0¥LE5{58LI;c° ´ c5[ F �cGQ9:7k=ALE5GQ9kH4G6=KJ � J8=?0db¬D�7k2¤�#=KJ] �eELI7:36=?0V2IZx58LI;x° Z ` ^ 0 � &1  `�
YD}wcG6=�2¤eI=KJMLI7:7,XO243Q;Q>Q0�24;�58GQ=obULEJ`LIW{=K5d=KJ0dbULICS=V2IZ58GQ=�W{2t>6=?7�LEJ8= c4® ��58LI;)° � c F	LI;Q> F Æ ® Ui=�> � � µ�
 U � X [R[E® U�=�> F �cGQ9:C`Gj5dJMLI;Q0M7:LE5d=?09:;h5d2zLjXO243Q;Q>PZ~2IJ�58G6=�7<9kH4GT5d=?085�;6=?365dJMLI7:9<;62jW	LI080�2IZ Z F ® Ui=�>&� ` ^ � F+* F U�=�>{D	»y=oLI7:082|�U;Q>
58GQLE5	Z~2IJ���. + � � ���,58GQ=|LI7:7k2��,=?>�bULEJ`LIW{=K5d=KJo0db�LICS= 
e!T�GI � � 
  �CS24LI;U;Q9:GQ9:7<LE589k24;l=SvO=?CS580	�19k58G�58G6=
;6=Smt5 \ 5d2A\¨7:9kH4Gh5d=?0d5�@i@�@�A bULEJ8589:CK7k= F 58G6=�7:9kH4Gh5d=?0d5�0d58LI3 F �cGQ9:C`GzLI7k��L?gt0r7:9k=?01W{2IJ8=¥58GQLI; ´ Z F��/LEX�2¤eI=
58G6=�*�@ e W	LI080?D

wxG6=A7k2¤�#=KJ{bULI;Q=?7#2IZ1ª9:H6D�«BD c 0M3QW	W	LEJM9 aK=?0�58G6=j>6=K5d=?CS589:24;�b�=KJ`0dbO=?CS589keI=?0¥2IZc58G6=AW{2t>6=?7�3Q;Q>6=KJ
08CSJM36589<;Tg F X�2I58G�LE5o>Q9kJ8=?CS5�» d�N e >6=K5d=?CS589:24;¿=Smtb�=KJ`9:W{=?;h580|¢YX*+* £ � 0dbU9:;H\¨9:;Q>6=KbO=?;Q>6=?;h5���
�^�� 9<0d247k=KeI=?7CK36J8eI=?0` VLI;Q>¡LE5�58G6= 6 )YÁ ,�* 516%¢YX* Æ £ D 8 =K5d=?CS589k24;�JMLE5d=?0{LEJ8=AXO=KgI24;Q>�J8=?LICMG�2IZ� Q [� 
��|>6=K5d=?C \5d2IJM0 � 6 8 N}@ Z F ) 8 ) *4» )/d8@Q@ Z F�� ) e * d , Z   F �cGQ9:7k=u58G6=j7k2¤� � µ�
 U LI;Q>�7<LEJ8HI=A58LI;x°�bULEJ85{2IZ158G6=CS2408W{247k2IH49<CKLI7:7kg	bQJM=KZa=KJ8JM=?>�J8=KH49:24;uCS243U7:>uX�=1�c9k58GQ9<;	J8=?LIC`GA2IZ¬58G6=r0d2A\¨CKLI7:7:=?>�� Q [� 
��r>6=K5d=?CS5d2IJM0 � U ) \
, d�@r@ F�� ) e *
d , c F 6�Á9Av�c�1Á1Ác��A� `DHdÂ;o58G6=�36bQbO=KJ \¨7k=KZ~5�bULEJM5#2IZ�58GQ=1�QH43QJ8=1�,=�;62I589:CS=�L¥>U9kbo9:;%� 
�^�� F>Q36=A5d2fCKLI;QCS=?7:7<LE589k24;Q0	LIW{24;QHy5d=KJMW	0{0d5d=?W	W�9:;6H}ZaJM24W 36bH\rLI;Q>¿>62¤�c;]\ 5¹ghbO= �h3ULEJ � 0{9<;T5d=KJMLICS589:24;Q0 F58G6=A7:LEJ8HI=?0d5¥CS24;T5dJM9:XU36589k24;Q0�58G6=?;¡CS24W	9:;6HPZaJM24W�� \¨CMGQLI;U;6=?7 5i9kHIH40VXO240d24;l=Sm6CMGULI;6HI=?0|¢YX ® X £ Dy�10VJ8= \
H4LEJM>Q0�@i@�@�As0d=?LEJ`CMG6=?0¥LE5�58G6= * 516 F Z~247:7k2��19:;6HA58G6=	J8=?0M3Q7k580r2IZ�¢YX* Æ £ �#=	=SmtbO=?CS5V>6=K5d=?CS58LEX�9:7:9k5¹gPZ~2IJ
` NO � Z XGF ® Ui=�> � Z F ®I® Ui=�>V  F LE5#LI;�9<;T5d=KHIJMLE5d=?>u7:3QW�9:;624089k5¹g�2IZ X ® � X ®I®  YZ~X � µ D dÂ;{58GQ=17k2¤�#=KJ#bULI;6=?7
2IZ�ª�9kH6DT«BD c �,=x08G62¤�¿58G6=xCK36JMeI=?0�LE5E` NO � Z XGF ® Y Z F ®I® Ui=�>��c9k58G¥J8=?>{0d247<9:>�7:9:;6=?0 � 9:;�XO2I58G{CKLI0d=?0 F Z~2IJ58LI;)° ´ c5[ LI;Q>,� µ�
 U � XRX?« ® Ui=�> F \ �4
� ` ^ � F ®I® Ui=�> F L�087:9<CS=c2IZ�bULEJMLIW	=K5d=KJ,0db�LICS=iCS24W{b�LE589kXU7k=�c9k58GjCS2408W	247k2IH49:CKLI7�JM=)�h3Q9:J8=?W{=?;h580)W	L?gAXO=rXO=KgI24;Q>j58G6=rJ8=?LIC`G|2IZ�58G6=d6 )#Á , * 516iD

d�;yª9:H6D¬«BD|FA�#=	0MG62��¦58G6=	CS24;U0d5dJMLI9:;h580r24;.� µ�
 U LE5�e�LEJ`9k243Q0ie�LI7<36=?0�2IZ#58GQ=	;62A\¨08CKLI7k={XO243Q;Q>ULEJ8gCS24;Q>Q9k589:24;¿08CKLI7k=7�/. + Za2IJo5¨�,2�>Q9nvO=KJ8=?;h5	eELI7:36=?0{2IZr58LI;)° � [ F � ® LI;Q> c T D ® F J8=?08b�=?CS589:eI=?7kg�J8=KbQJ8= \0d=?;h58LE589keI=�2IZ�58G6=�7k2¤�#=KJiLI;Q>|36bUb�=KJ)b�LEJ85)2IZ�58G6=�WC\YX3A;@ LI7:7:2��,=?>|JMLI;6HI=ID#wxG6=rbUG6=?;Q24W{=?;6247k2IH49:CKLI7<7kg
LI7:7k2¤�#=?>�J8=KH49:24;{9:0�9:;¥58G6=)36bQbO=KJ�JM9kH4Gh5�CS2IJM;6=KJ�2IZ�58G6=�bU7k2I580 F �cGQ=KJ8=�58G6=x9:0d247k=KeI=?76CK3QJ8eI=?0�Za2IJ�58GQ= , *�@ e
W	LI080V0dbU7:9k5d589<;6H M N	 �

` N	 W �U` ^` ^
LEJ8=oLI7<0d2z>6=KbU9<CS5d=?>lLE5 M N	 � ® � Y X ® � Y ZE® �uD|wxG6=o7:9kH4Gh5�XU7:36=

J8=KH49k24;P9:01=SmtCK7:3U>6=?>zXBg|58G6=��¸ � W � �G�� cCS24;Q0d5dJ`LI9:;T5 � «BD|F4  F �cGQ9<7k=�9:;�58G6=¥HIJML?g�J8=KH49k24;7` ^ &F` N	 W Dª�9:;QLI7:7kg F 58G6=�J8=?>fJ8=KH49k24;l9<;y58G6=o7:2��,=KJV7k=KZ~5�CS2IJM;6=KJ¥GQLI0"` N	 W & ® DuwxGQ=�7k2��,=?0d5Vb�240M089kXU7k=�eELI7:36=	Z~2IJ��. + 9:0iLEJ8243Q;U> F � X ®Bµ¨¶ Ui=�> F �cGQ9:C`G�9:0cJ8=?LICMGQ=?>yLE5158G6=�7k2¤�#=?0d5i58LI;x°�CS24W{b�LE589kXU7k=��19k58G WC\YX A;@ F
Z�� n FEF l�� u.l�{�z ~MF p yh~RFt~ v ~�}�} nhu��tz F pLv.l0w y �Dz F v.rhl�� ~Gy l�� p ~ ��� l �5������ "!e� � pqz Ft} lsv.rtl$#&%('�) }�~MFDy z�v.z ~NF;� ~ u } lXp�vxw F+*v ~ � ~�, � w�� ntl�p , rtl u.l�-�.0/21�.43 } w FEFt~ v+5 l � n6�879�:� l y �



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

10
16

10
17

10
18

Mbc (GeV)

200

300

400

500

600

700

M
1/

2 
(G

eV
)

∆τ=10%
∆τ=20%

mh=118 GeV

mh=116 GeV

mh=114 GeV

mh=112 GeV
Tachyonic Stau

mχ<mτ

BR(b−>sγ)

Ωh
2
<0.13

10
16

10
17

10
18

Mbc (GeV)

200

300

400

500

600

700

800

900

M
1/

2 
(G

eV
)

∆τ=20%
∆τ=10%

mh=118 GeV

mh=116 GeV

mh=114 GeV

Tachyonic Stau

mχ<mτ

BR(b−>sγ)

Ωh
2
<0.13

ª�9kH436J8=	«BD|F �����3� & 6 �� �q,���;��9o� ( �.�	- q,� $ ��� ( ���)�'U & *x- # & * �! p���'k $�& �! )U ( U & �[U3�)q!* ( - $ ����� .���� l5U3� (n2 � $ ��-�� &0/
����������� ( ��lm� (�=�>)?5ACBED � G H Q ��b
	3= S =;>@?RACB���xG H Q �������h= S L

LI;Q> F LE5¥LjH49keI=?;.� µ�
 U F 9:0rLI7k��L?gt0�LEXO2�eI=o58G6=�CS2IJ8J8=?08b�24;U>Q9:;6H � ±h²E³ Doª62IJVCS24W{b�7k=K5d=?;6=?080 F �#=oLI7:0d29:;QCK7:3U>6=#58GQ=cCK36J8eI=?0#LE5��6mt=?>{e�LI7<36=?0�2IZO58G6=x7:9kH4Gh5d=?0d5Y;Q=?365dJMLI7 5i9kHIH40 `�� F Z~2IJY�1GQ9:CMG�58GQ= *�) e`Z XO243Q;Q>H49keI=?0 `�� � XRX c � X Ui=�>�¢YX Æ F £ Df»y=j;62I589:CS=A58GQLE5�58G6=uXO243Q;Q>l24;�58GQ=,5i9kHIH40�W	LI080 F �cGQ9:C`Gl9:;�58G6=NP@U@6N LE5{7:LEJ8HI=A58LI;)° 9:0V=KeI=?;�W	9:7<>6=KJV58GULI;�58GQ=uW{=?;h589k24;6=?>¡eELI7:36= F 9<0VLI7k��L?gt0��,=?L � =KJ	58GQLI;¡58G6=2I58G6=KJ1CS24;U089:>6=KJ8=?>Ab�G6=?;624W{=?;6247:2IH49:CKLI7�CS24;Q0d5dJMLI9<;T580KD
�i0�J8=KH4LEJM>U0¬58G6=#CS2408W{247k2IH49:CKLI7<7kg�eB9:LEX�7k=�bULEJMLIW{=K5d=KJ�0dbULICS= F 58G6=#=Sv�=?CS52IZtJ8=?>Q3QCK9<;6H ��. + 5dJMLI;Q0M7:LE5d=?09:;j58G6=¥LEbQbO=?LEJMLI;QCS=�2IZ�CS24LI;U;Q9:GQ9:7<LE589k24;AJ8=KH49k24;Q0 � �,=�J8=?CKLI7:7¬58GQLE519<;j2IJM>6=KJ15d2�=SvO=?CS589keI=?7kgjJ8=?>Q3UCS=�58G6=

;6=?365dJMLI7<9:;62�J8=?7:9:C�>6=?;U089k5¨g F M N	 WV3U0d5�XO=x7k=?080�58GQLI; ´ X ® � F >6=KbO=?;Q>Q9:;6Hi24;	58GQ=cLEXU0d247:3Q5d=)e�LI7:3Q=)2IZ�` ^ FLI;Q>j58GQ9<0)9:0�58G6=�CKLI0d=�Za2IJ
F � X ® µ¨¶ U�=�> � �/. + � [� X ® µ�� Ui=�> � � «BD *4 

dÂ;uª�9kH6D6«BD|F��,=�08GQLI>6=�9:;	HIJM=K=?;o58GQ=iLICS583QLI7�bULEJ`LIW{=K5d=KJ)0dbULICS=�J8=KH49k24;Q0#�cG6=KJM=]� � U & ® � X [ DYªQ36JM58G6=KJ \W{2IJ8= F 58G6=ma&\ bO247k=¥CS24;Q>Q9k589k24; Z ` ^ : `�
�9:0i0d589:7:7�Z©3Q7k��7:7k=?>AZ~2IJ �/. + & ����� F LI7:�,L�gB0�LE5i58LI;)°�CK7k240d=5d2 c5[ D�wcG6=KJ8=KZ~2IJ8= F 9<;	58G6=iJMLI;6HI= � «BD *4 YLI;u9:;h5d=KJ8bU7:L�g{XO=K5¨�,=K=?;o;6=?3Q5dJMLI7:9:;62A\¨0858LI3�CS24LI;Q;Q9<GQ9:7:LE589k24;U0�LI;Q>>Q9kJ8=?CS5 a \ bO247k={LI;Q;Q9:GQ9<7:LE589k24;Q01CKLI;f089kH4;Q9:�UCKLI;T587:gj=?;Q7:LEJ8HI={58G6=	CS240MW{247k2IH49:CKLI7:7:gzbQJ8=KZ~=KJ8J8=?>PbULEJ`LIW{=K5d=KJ
0dbULICS=�2IZ¬58GQ=�W	2B>6=?7<0KD1��3658089:>Q=158G6=�Z©3Q;Q;6=?7UJ8=KH49k24; F G62¤�#=KeI=KJ F L�CS=KJ858LI9:;A�U;6= \ 583U;Q9:;6HVX�=K5¹�#=K=?;|58LI;)°LI;Q> �/. + 9:0�;6=K=?>6=?>y9:;P2IJM>Q=KJi5d2j=?;h5d=KJ�58G6=	CS24LI;U;Q9:GQ9:7<LE589k24;|J8=KH49:24; � 0d=K=	LEH4LI9:;fª�9kH6D�«BD|F4 `D{ª�9:;QLI7:7kg F�#=�;62I589:CS=V58GQLE5i58G6=¥9<0d247k=KeI=?70d58LI3�W�LI080108bU7:9k5d589:;QH	CK36J8eI=?0�LEJ8=  Q 
$
"N 
 PcZa2IJ�7k2��,=KJ�58LI;)°�DiwxG6=KJ8=KZ~2IJ8= FLE5�7k2¤�¦58LI;x° F CS24LI;U;Q9:GQ9:7<LE589k24;Q0�0836bQbUJ8=?080 � ^ � U 5d2|et9:LEXU7k=�eELI7:36=?0r9:;yL � \ � 
 P P�[ � � 
�2IZ � µ�
 U �c9k58GJ8=?0dbO=?CS5)5d2	58G6=VGQ9kH4GA58LI;)°fJM=KH49:W{= � 24;6=�CKLI;�CK7k=?LEJM7kgA3Q;Q>Q=KJM0d58LI;Q>u58GQ9:0)0858LE5d=?W{=?;T51XhgA9:W	LEH49<;6H{eI=KJ \
589:CKLI7Y7<9:;6=?0 � \ �(
)�A7:9:;6=?0rLE5��QmB=?>\��. +  �9:;h5d=KJM0d=?CS589:;6Hj58GQ=�HIJ8=K=?;lJ8=KH49k24;Q0�9<;y58G6=�7k=KZ~5 � 58LI;)° � [ F � ®  LI;Q>jJM9:H4GT5 � 58LI;c° � c T � ®  �b�LI;6=?7:0�2IZ�ª�9kH6D�«BD|FBD
��� ��� � #%$'&)('*,+.-�/10,23&���&�( &���0,2 4��	8
�� W<�/10,-?&
dÂ;�W�9:;Q9:W	LI7r@i@r@BA�ÃYÄ � X ®  1U;@iw�58G6=fW�LE5d5d=KJ�0836bO=KJ8�U=?7:>Q0o2IZ�58G6=lN}@Q@6N bU7:3Q0ALI;�LI>Q>U9k589k24;QLI7
H4LI36HI=|089:;QH47k=K5�JM9:H4GT5 \¨GQLI;U>6=?>�;Q=?365dJM9:;62 F LEJ8=jCS247:7:=?CS5d=?>�9:;�L�F"!¿0836bO=KJMW¥3Q7k589kbU7:=K5 F �cGQ9<7k=�58G6=Z5i9kHIH400836bO=KJ8�Q=?7<>Q0rXO=?7k24;6HP5d2yL�F�H�D d�;¡58G6=AbQJ8=?0d=?;h5VZ~JMLIW{=K�,2IJ � 2IZ � �Q\a� 
 P= S[DI§H4LI36H49:;62yW	LI0M0d=?0 Q F LP5d2Ib>62��1;]\¨7:9 � =�LEbQbQJ824LIC`GA5d2mA;@ 7:9 � =i58G6=�24;6=��,=rbQJ82IbO240d=�G6=KJ8=��#243U7:>A7k=?LI> F LE5)�6mt=?>o58LI;x° F 5d2	L�7:LEJ8HI=�U;6= \ 583Q;U9:;6H�XO=K5¹�#=K=?;.� µ�
 U LI;Q>}58G6={;624;]\ eELI;Q9:0MGQ9:;6H C \ 5d=KJMW�CS24;h5dJM9kX�36589k24;U� U# F ;6=K=?>Q=?>y9:;P2IJM>6=KJ5d2�LIC`GQ9k=KeI=ACS24W{bU7k=K5d=�A @VD¬»y=u58G6=KJ8=KZ~2IJ8=	J8=?0d2IJM5�5d2�L�W{2IJ8= ��
 � 
:P�[ I§Ã�Ä � X ®  �0d=K5d589:;6H¡¢ «+* £ F �cG6=KJ8=

$&% l�l ���(' !"� w*) y u.l � lXu.l�) } l�p	v.rhlXu.l�z+) � ~ u�v.rtlou.l��|w"v.l y } w pql ~"�-,�.0/L� )�1 , z�v.r2) ~ )43 n5)hz � lXu.p.w � {�w nt{ z+) ~ � w pqpqlXp �



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

37 38 39 40 41 42
t=Log(Q)

−500

−250

0

250

500

750

G
eV

37 38 39 40 41 42

−500

−250

0

250

500

750

mS

mHd
mHu
Ab

At

m10

m5

m16 SO(10)

SU(5)

750 1000 1250 1500
M1/2 (GeV)

0

250

500

750

1000

1250

1500

1750

G
e
V

SO(10)
SU(5)

mHd

mHu

mHd

mHu

mA

ª�9kH436J8=|«BD « � Q�� b
	3= S�� (n2 �V�'* �M�,U3� � &�/�(n2 �V- &�/�( - $ �����)�t9o��-�-��.-V���� ( �'U3� U3�!�����t- $ �����)� $�& *`q!�+U3� � -tU3� ����� � �
Qr*`q@q,�.��q,���!��� S����� �����0^`H � Qr� & 6 �.��q,�����.� S � ( ��- /.& � .[Z�\�] B ^�� b�doL Q�� �����h= S�� (n2 � /.& * �V� & 6 ��� �+U3���'-
����q!���.-��.� (O(n2 �5T
	���Q # ��� $ 8�S��)�! sT
	��Qr���� 'S�- &0/�( - $ �)�����s9o��-�-��.-j� (O(n2 � �e( �%- $ ��� ����-s� / * � $.( U & � &0/ .[Z�\;]��
(32 � ( 6 & *`qpq����:�+U3�!�.-������ (32 �o���.-'* � ( U3� � �����+*,�.- /.& �sT
�_� (1(n2 �v� & 6 ���!��� � k�- $ ��� � L " & �+UX �+U3���'-oU3�� �U $ � ( � (n2 �
���������j$ ��-��.l 6 2 U3� �	 p��- 2 �� ��+U3�!�.- ������^eH �eL N � # &�(n2sY � * �;�'- . ��� B .���� ���� =�>)?5A B H,G D �,L

58G6=r5¨�,2uN}@Q@6N 519:HIH40c>62436X�7k=K580�7:9keI=�9:;A5¹�#2�>U9nv�=KJM=?;T5)Z©3Q;Q>QLIW	=?;T58LI7OJ8=KbUJ8=?0d=?;h58LE589k24;Q0)2IZ58G6=�U;@iw
H4LI36HI=�HIJM2436b F LI;Q>A�6m � U# � ® D/d�;A58GQ9:0xCKLI0d=�58G6=�0836bO=KJ8bO2I5d=?;h589:LI7�J8=?LI>Q0

S�� 4�� � � ` � F"!O  � F"!O  AN U g � � � F"!O  � F"!O  AN µ � «BD Æ  
LI;Q>�24;Q7kg WC\YXVA @ 9:0cJ8=)�B3Q9kJ8=?>�D1wxG6=VÁ&U;) V 0r>6=KbO=?;Q>z9<;|HI=?;6=KJMLI724;�58G6=B519kHIH40�W¥3Q7k589kb�7k=K580xLI;Q>�24;
58G6=�;B3QWVX�=KJ)2IZ�W	LE5d5d=KJ1HI=?;6=KJMLE589k24;Q0 F ;QLIW{=?7kg

>��
>�� �

� Q
X?« P U � Ã7� Z c   � «BDiX ®  

>��
>�� � Z

X?« P U � Ã7� Z c  �� U � Y � «BDiXRX� 
�cG6=KJ8=�Ã¿9:0c58G6=V0M3QW�2IZ�58G6= 8 gB; � 9:;�9:;Q>Q9:CS=?0�2IZY58G6=VC`GQ9kJMLI7�0M36bO=KJ8�Q=?7:>Q0�2IZ�58GQ=VW{2t>6=?7_D d�;|58G6=¥CKLI0d=2IZ�5¨�,2�519:HIH40cLI;Q> [ HI=?;Q=KJMLE589k24;Q0 F Ã � *BD
9:;�58G6=c7k=KZ~5�bULI;6=?7t2IZ�ª�9kH6Dh«BD «r�#=xXO=KH49:;{CS24W	bULEJM9:;6Hr58GQ=x=Sv�=?CS580#2IZ�58G6= U;@iw¿JM3U;Q;Q9:;6H1XO=K5¨�,=K=?;,�/. +� 0d=K5i5d2,� � ��Z~2IJ1>Q=K�U;Q9k5d=?;6=?0M0` �LI;Q> � ±h²E³ Z~2IJ�Ã^_ � F4 cLI;Q>PÃ�Ä � X ®  eU @1wx0?Dxª9:JM0d5 F ;Q2I589:CS=�58GQLE5158G6=2�eI=KJMLI7<70MCKLI7k=¥LE5��cGU9:CMG�58G6=�0d2IZa5�08CKLI7:LEJrW	LI0M0iLEJM=¥>6J`9keI=?;zXBgzÁ&UºJM3Q;U;Q9:;6H	9:0iCS24W{bULEJ`LEXU7k=V9<;zXO2I58G
CKLI0d=?0 F �1GQ9:7k=158G6=r5dJM9:7:9<;6=?LEJ,CS243QbU7:9:;6H40,LEJ8=r=KeI247keI=?>|5d2���LEJM>Q0xGQ9:H4G6=KJ);6=KH4LE589keI=�eELI7:36=?0�9:;u58G6=VÃ�Ä � X ®  CKLI0d=ID��¦Z©36J858GQ=KJ1J8=?W�LEJ � LEX�7k=VZ~=?LE5836J8=�9:0i58GQLE5�58G6=B519:HIH40r0d2IZa5�@i@r@BA�XQJM=?L � 9:;QHoW	LI0808=?0rLEJ8={>6JM9keI=?;
5d2¥0M9kH4;Q9k�UCKLI;h587kg{7k2¤�#=KJ�eELI7:36=?0Y9<;AÃ`_ � F4 �58GULI;o9:;jÃ�Ä � X ®  `D *¬LI0d5 F ;62I589:CS=i58G6=�7:LEJ8HI=KJ�>6=KbULEJ8583QJ8=cZ~J824W3Q;Q9keI=KJ`08LI7:9k5¹gr�cGQ9:C`GV58L � =?0YbU7:LICS=)9:;¥58G6=)08CKLI7:LEJ�08=?CS5d2IJ�2IZOÃ`_ � F4 `D �,=?9:;6H ` µ � � � ±h²E³   :F` µ¨¶ � � ±T²E³   F58GQ9:0�5dJMLI;U087:LE5d=?0c9<;T5d2	L	7:2��,=KJc0d2IZ~5c08CKLI7:LEJcW�LI080xbULE5d5d=KJ`;jZa2IJ�Ã`_ � F4 `D

d�;{58G6=xJM9:H4GT5�bULEJM5�2IZOª�9kH6DB«BD «r�,=c9:;heI=?0d589kH4LE5d=c58GQ=)=Sv�=?CS580,9:;Q>Q3UCS=?>�24;�` Z�� LI;Q>�` Z�� LE5Y58G6=c7:2��
=?;6=KJ8HIgu08CKLI7k=�Xhgo58G6=r>Q9nvO=KJ8=?;h5BU;@iw�JM3Q;U;Q9:;6H�XO=K5¹�#=K=?; �/. + LI;Q> � ±T²E³ D�dÂ;uet9k=K��2IZ¬58G6=�J8=?083U7k580Y2IZ58G6=�bQJM=KeB9k243U0)0d=?CS589k24; F �#=�08583Q>6gu58G6=�W	LI080x2IZ58GQ=¥prq \ 2t>Q> 5i9kHIH40cX�240824;Va�D ,c2I589<CS=�58GQLE5 F 58G62436H4G58G6=}>Q9nvO=KJ8=?;QCS=?0�9<;¿58G6=}0d2IZ~5u08CKLI7<LEJ,5i9kHIH40AW	LI080d=?0uLEJ8=}089kH4;Q9:�UCKLI;T5 F 58GQ=zeELI7:36=z2IZ�`�
 9<0�W	LI9:;U7kg>6=K5d=KJMW	9<;6=?>AXhg � µ�
 U � 58G6= ´ F ® ��>Q9nvO=KJ8=?;QCS=rXO=K5¨�,=K=?;j58G6=¥Ã^_ � F4 �LI;Q>PÃ�Ä � X ®  �082IZa5c0MCKLI7:LEJ 5i9kHIH40
W	LI080d=?0r0��h36=K=�aK=?0�5d2jLuZ~=K� bO=KJMCS=?;h5rCS2IJ8J8=?CS589k24;y9<; ` 
 D"5c=?;QCS=KZ~2IJ858G F �,=�=SmBbO=?CS5�58G6={08LIW{=¥Z©3Q;Q;6=?7LEbQbO=?LEJM9:;6H{9:;zÃ^_ � F4 ,5d2o58L � =�bU7:LICS=�LI7<0d2	9:;A58G6=�HI=?;Q=KJMLI7§Ã�Ä � X ®  )CKLI0d=ID



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

25 30 35 40 45 50
Tanβ

500

750

1000

1250

1500

M
1/

2 
(G

eV
)

No b−τ YU

BR(b−>sγ)

δaµ=−5 10
−10

δaµ=−10 10
−10

Ωh
2
=1.0

Ωh
2
=0.5

Ωh
2
=0.05

mb(MZ)>3.05 GeV

25 30 35 40 45 50
Tanβ

500

750

1000

1250

1500

M
1/

2 
(G

eV
)

10
−10

10
−11

10
−12

10
−13

10
−14

mgluino=2500 GeV

mgluino=2150 GeV

No b−τ YU

BR(b−>sγ)

ª�9kH436J8=V«BD T � N - & ��������� $ * �'���'- /.& � (n2 ���!��* ( �;���+U3� & �����+U $  @����-'U ( k����� v9	* & � ��� & 9o��� & *x-j9:� � ��� ( U $ 9 & 9o�.� (
Q������ b�� � >)?�b	� S�l ���� /.& �: )U3��� $.(�
:N� P  p� ( � $.( U & ������ � $�$ �.� �.��� (r& �#-������ $;2 �'-o� (*>�� < Q �����mb�� � >)?�b	� S�U3� (n2 �
$ ��-�� &�/ �@be?�b���> � �����0^`H � � ( � L



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

d�;�ª�9kH6Dx«BD T �#=}08G62¤�R58G6=PLI7<7k2��,=?>ÀbULEJMLIW{=K5d=KJj0dbULICS=y9:;¾58G6=fÃ�Ä � X ®  uCKLI0d= F �c9k58G�58G6=}08LIW{=;62I58LE589k24;�2IZxª�9kH6D«BD c Dz�i0�=SmtbO=?CS5d=?> F 58G6=�HI=?;Q=KJMLI7YZ~=?LE5836J8=?0V2IZ)58G6=jÃ�Ä � X ®  �CKLI0d=oLEJM=�J8=?W	LEJ � LEXU7:g089:W	9<7:LEJY5d2oÃ`_ � F4  F 58Gh3U0)CS24;6�QJMW	9<;6H�58GQLE5�58G6=rW{2t>6=?7Y\¨>Q=Kb�=?;U>6=?;QCS=c2IZ;62A\¨08CKLI7k=r08CS=?;ULEJM9k240��c9k58G �/. +LEXO2�eI=,� ±T²E³ 9:0rJ`LE58G6=KJ�W	9:7<> F LI0�LI7:J8=?LI>6gPb�249<;T5d=?>y243Q5�9:;¿¢YX*I« £ DjwxGQ9:0��,=?L � >6=KbO=?;Q>6=?;UCS=¥24;l58G6=
U;@iw�0d5dJM3UCS5836J8={�cGQ9<CMGy>Q9:CS58LE5d=?0�58G6=	JM3U;Q;Q9:;6HALEXO2�eI=Z� ±h²E³ 9:0�=?LI0M9:7kg}3Q;Q>6=KJM085d2h2t> � 58G6=	eELI7:36=?0r2IZ
58G6=r0d2IZ~5�W�LI080d=?0)LE5 � ±T²E³ LEJ8=r>6=K5d=KJ`W	9:;6=?>ALE5�24;6=�7k2B2IbA24;Q7kg	XBg	H4LI36HI=�C`GQLEJ8HI=?0)58G6JM2436H4GA58G6=r;624;]\
e�LI;U9:08GQ9:;QH�H4LI36H49:;62�W	LI0808=?0KD��17<7U2I58G6=KJx9<;T5d=KJMLICS589:24;Q0�LEJ8=�24;6= \¨7k2B2IbA0M36bQbQJ8=?0M0d=?> F LI;U>�58G6=KJM=KZa2IJ8=�24;Q7:g087:9kH4Gh587kgAL�v�=?CS5i58G6=¥0d2IZa5i08CKLI7:LEJ�W	LI080cbULE5d5d=KJM;PLE5158G6= U;@iw(08CKLI7k=IDcNz2IJ8=K2¤eI=KJ F 58G6=V0MW	LI7:7�0db�7:9k5d589:;6H409:;u58G6=�08CKLI7:LEJ1@U@���W�LI080d=?0)LEJ8=rbULEJM587kg	��LI08G6=?>A24365)XBg�58G6=�CS24W�W{24;zN}@Q@6NRJM3U;Q;Q9:;6HVXO=K5¨�,=K=?;j58G6=
3Q;Q9k��CKLE589k24;ALI;Q>j58G6=r�,=?L � 08CKLI7k=?0 F >Q24W	9:;QLE5d=?>AXBgoH4LI3QH49:;62	W	LI0808=?0KD ,1=KeI=KJ858G6=?7k=?080 F 9k5x9:0)0d24W	=K�cGQLE5;624;�5dJM9ket9:LI7,58GQLE5	9:;¿Ã�Ä � X ®  ¥58G6=|7k2¤� =?;6=KJ8HIg�0dbO=?CS5dJM3QWÅLI7:7k2¤�c0�58G6=jZ©3Q7k�U7<7:W{=?;h5�2IZ158GQ=Va 5i9kHIH40
J8=?0d24;QLI;UCS=�CS24;Q>Q9k589:24; Z ` ^ :@` 
 F 9:;jL	0M9:W	9:7:LEJ,JMLI;6HI=�2IZ58LI;x°�LI0x9:;A58GQ=¥Ã`_ � F4 )CKLI0d=ID

6,24;QCS=KJ`;Q9:;6Hu58G6=	>Q9nvO=KJ8=?;QCS=?0�XO=K5¹�#=K=?;y58GQ=¥5¹�#2�CS24;Q089:>6=KJM=?> U;@1w¦W	2B>6=?7<0 F �#={bO249:;h5i24365r58GQLE59:;|58GQ={Ã�Ä � X ®  1CKLI0d=�58G6=V0dbO=?CS5dJM3UW/LE5i58G6=�7k2�� =?;6=KJ8HIgz0MCKLI7k=¥9<0cHI=?;6=KJ`9:CKLI7:7kgj087:9:H4GT587kg � 
M[ ��\ 
 P158GQLI;9:;yÃ`_ � F4  F LI0i=?W{b�GQLI089baK=?>PXO=KZa2IJM=ID�wcGQ9:0iLIW{243Q;h58015d2j08GU9kZa589<;6H�58G6=¥JMLI;6HI=�2IZ#58LI;)°¿LI;Q>�58G6={7k2��,=KJXO243Q;Q>A24;7� µ�
 U 5d2¤�,LEJM>U0�Ik[AP4��
 PxeELI7:36=?0?D/dÂ;z58G6=�J8=?7<9:C�>6=?;Q089k5¹gjLI0x�,=?7:7��,=�;62I589:CS=�58GULE5c58G6=�9<0d247k=KeI=?7CK36J8eI=?0�LEJ8=�CK7k240d=KJ�5d2�=?LICMG�2I58G6=KJ � 58GQ9:0>6=KbO=?;Q>Q0¬24;¥58G6=#Z©LICS5�58GQLE5�9:;V58G6=)ÃYÄ � X ®  §CKLI0d=�58G6=,e�LEJM9<LE589k24;Q0
2IZ `�
¿�c9k58GP58LI;)°¾LEJ8=	7<LEJ8HI=KJr58GQLI;y9:;fÃ`_ � F4  F G6=?;QCS={58GQ=�CS24;U>Q9k589k24; Z ` ^ ´ `�
¾9:0iZ©3Q7k�U7:7:=?>z9:;}L
08W	LI7:7:=KJ)JMLI;6HI=�2IZ58LI;x° F LI;U>j58G6=�Z©3Q;Q;6=?7O9:0)0M7:9kH4Gh587kgo;QLEJMJ82��,=?>�D�i0VZ©LEJ{LI0¥58G6=j>6=K5d=?CS58LEXU9:7:9:5¨gf2IZx58GQ=uW{2t>6=?7,9:0�CS24;QCS=KJM;6=?> � 7k2¤�#=KJ{b�LI;6=?7a  F �#=j>6J`L?�s58G6=A08LIW{=
CS24;QCK7:3Q0M9k24;Q0xLI0i9:;j58G6=VbQJ8=Ket9k243Q0x08=?CS589k24; � >Q9kJ8=?CS51>6=K5d=?CS589k24;��c9:7:7OXO=�bO2408089:XU7k=r24;Q7kgALE5�;6=SmB515d2o;6=Smt5
HI=?;6=KJMLE589k24;�=SmBbO=KJM9<W{=?;T580 F LI;Q>�24;Q7:g158G6=#7:LEJ8HI= ` ^ bO249:;T580O24;�5d2Ib�2IZt58G6=$a \ bO247k=�Z~3U;Q;6=?7ELE5¬58LI;)° : c5Z
�c9:7:7�XO=�XO=KgI24;Q>jJ8=?LIC`G|2IZ�58G6=d6 )#Á , * 516 ¯ D

�i0Y=?W{=KJMH49:;6H�Z~J824W 58GQ=cbULE5d5d=KJM;o08G62¤�c;�9:;	58G6=cJM9:H4GT5�b�LI;6=?7Q2IZ�ª�9kH6DB«BD «VLI;Q>�ZaJ824W�58G6=xbQJM=?CS=?>Q9:;6H
J8=?W	LEJ � 0 F 7k2��,=KJM9:;6H �/. + �#243Q7<>�Z©36J858GQ=KJoJ8=?>U3QCS=}58G6=y>Q9nvO=KJ8=?;QCS=?0uXO=K5¨�,=K=?;(Ã`_ � F4 uLI;Q> Ã�Ä � X ®  `DwxG6=KJ8=KZ~2IJ8= F 9:;u58G6=�Z~JMLIW{=K�,2IJ � 2IZ�Ã�Ä � X ®   F �,=r=SmBbO=?CS5)L�08CS=?;QLEJM9:2¥eI=KJMgo089:W�9:7:LEJ,5d2¥58GULE5)2436587:9:;6=?>u9:;ª�9kH6D�«BD|F F 9:;A58GQ=�CKLI0d=d�/. + & � ���~D

:1;�� ���BC��fN � 'OK � JdR�I M��QC
	 I���	dL�I K�CSRfL�I�M L$M C � � � ��G-� MBC�� L�I  ���&�1>
 �
��I M�'�� C��fA�� CSR�R���� C M�' R����������

wxG6=uW	9:;Q9:W�LI7�0836bO=KJM0dgtW	W{=K5dJM9<C{=SmB5d=?;U089k24;�2IZ)58G6=u0858LI;Q>QLEJM>�W{2B>Q=?7 F 9:;l9k580V2IJM9kH49<;QLI7�Z~2IJMWV3U7:LE589k24; F>62B=?0#;62I5,bQJ82¤eB9<>6=cL¥W{=?CMGQLI;U9:08WºZa2IJ,58G6=cHI=?;Q=KJMLE589k24;u2IZ¬;6=?365dJ`9:;62�W	LI0M0d=?0#LI;U>oW	9kmt9:;QH6D��0d58LI;U>QLEJM>
LEbQbQJ824LIC`Gl5d2P58G6=u0d247:36589k24;f2IZ)58GQ9:0�bUJ82IXU7k=?W 9:0�5d2�J8=?0d2IJ85V5d2�58G6=u0836bO=KJM0dgtW	W{=K5dJ`9:C�eI=KJM089k24;l2IZ)58G6=
0d=K=?08L���W{=?CMGQLI;U9:08W F �cGQ9<CMG�=?;QCS24W{bULI0808=?0¥LP0d=K5¥2IZx58G6J8=K=uJM9kH4Gh5 \¨GQLI;Q>Q=?>�;6=?3Q5dJM9:;6240KD�wxG62436H4G�58G6=58G6=K2IJ8g�CKLI;uXO=1LI0M083QW{=?>o5d2�X�=eMUL?eI2IJ \¨>Q9:LEHI24;QLI7OLE5)0d24W{=�GQ9kH4G�=?;6=KJ8HIgo9<;6bU365�08CKLI7:= F Á&U MQ2¤��;6=?CS=?0 \
08LEJM9:7:g�9:;heI247keI=?0xL{CS=KJ858LI9:;zLIW{243Q;h5)2IZW	9<08LI7:9kH4;QW	=?;T5�9:;u58G6=rJ8=?7k=KeELI;h5c0d2IZ~5)XQJ8=?L � 9:;6H{W	LI080)W	LE5dJ`9:CS=?0
LE5¥7:2��,=KJ¥=?;Q=KJ8H49k=?0KD 5c=?;QCS=A58G6=u2tCKCK36J8J8=?;QCS=o2IZc7k=KbQ5d24; MUL�eI2IJ{eB9k247<LE589:;6H|bUGQ=?;624W{=?;QL�9:0�=SmtbO=?CS5d=?> FLE5xJMLE5d=?01WV3QC`G|7:LEJ8HI=KJc58GQLI;|58G62408=r�cGQ9:C`GjW	L?gA58L � =�b�7:LICS=��c9k58GU9:;�58GQ=�0d58LI;Q>QLEJ`>jW{2B>Q=?7�2IZ§b�LEJ8589:CK7k=
bUGhgB089<CK0KD

�i0�9k5�9:0��#=?7<7 � ;62¤�c; F =Smtb�=KJ`9:W{=?;h58LI769:;6Z~2IJMW	LE589k24;VZaJM24W¦;6=?365dJM9:;Q2iW	LI0M0d=?0�LI;Q>�W	9nm69:;6H�9:0�;62I5�083QZ+\�UCK9k=?;h5§5d2r>6=K5d=KJ`W	9:;6=,LI7:7B2IZQ58G6=�0d=K=?08L?�¾bULEJMLIW{=K5d=KJM0 F LI;Q>¥58G6=KJ8=KZ~2IJ8=,L�7:LEJMHI=,>6=KHIJM=K=,2IZ�3Q;QCS=KJ858LI9<;T5¹g�9:09:;heI247keI=?>{9:;¥58G6=xCS24W{bU3Q58LE589k24;�2IZ�7k=KbU5d24; MUL?eI2IJ�et9k247:LE589:24;�JMLE5d=?0�9:;�L�W{2t>6=?7Y\¨9:;Q>Q=Kb�=?;U>6=?;T5LEbQbQJ824LIC`G�D
��;A58G6=�2I58G6=KJcGULI;Q> F LI;jLI7k5d=KJM;QLE589:eI=�LE5d589k583Q>6=rCS24;Q089<0d580)9:;uJ8=?0d2IJ8589<;6H�5d2{bULEJ8589:CK3Q7<LEJ&U�JMLI;Q>,@i;Q9k�UCKL \
589k24;{Z~JMLIW{=K�,2IJ � 0�LI;Q>{5d2�CS24;U0d5dJMLI9:;{58GQ=)2I58G6=KJ8�c9:08=x3Q; � ;62��c;�=?;h5dJM9k=?0�2IZ�58GQ=)J8=?7k=KeELI;T5YCS24WVXU9:;ULE589k24;Q0
2IZ�58G6=�;6=?365dJM9<;62 AY3 � L��,LoCS2436bU7:9<;6H¥W�LE5dJM9nm F 58G6J82436H4G|7:=KbQ5d2A\��h3ULEJ � JM=?7:LE589k24;Q0KD�i0uL¡J8=?0M3Q7k5 F 9:;�58G6=}bQJ8=?08=?;T5A0d=?CS589k24;��,=��19:7:7cCKLEJMJ8g¾24365ALI;�9:;heI=?0d589kH4LE589k24;�2IZ�58GQ=}>U9nv�=KJM=?;T5
� kmloweu.low"pqpqn6�jz+)t{$rtlXu.l�v.rDwev�v.rtl���� � �"!$# � u.l0w } r � ~ u�{�l&)hlXuxw � ,�.0/L� ) 1 � ~Gy l�� p�z p }�~ ��%Dweuxw 56� l�v ~ v.rhl ~ )hl � ~ u

,'& /)( 1 � ~Gy l�� p��Dw"p�pqnh{�{ l�pLv.l y 5+* v.rtlorhz|{ r6� z {�r�v.l y pLvqu ~ )t{ pqz:�jz:�|w"u.z�v.z l�p�z )=v.rtl � ~�, l�)tlXu.{,*=p-% l } vquxw ~ � v.rhl�v ,J~ } w"pql�p �



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

>6=K5d=?CS589k24;lbQJ8240dbO=?CS580�Z~2IJ�083Qb�=KJ`0dgBW�W{=K5dJ8gz�19k58GQ9:;}58G6=�ZaJMLIW	=K�#2IJ � 2IZ)W	9:;U9:W	LI7�0836bO=KJ8HIJML�eB9:5¨gPbU7:3Q0
JM9kH4Gh5 \¨GQLI;Q>6=?>y;Q=?365dJM9:;6240 � �1GQ9:CMG}�19:7:7XO=�>U36XQXO=?>�� ^E�  Q Pd[ \~� 
 ��� \~�Q\ �	[DI����&��� � Q [ � � [AP ��� ^ � 
SI
� \�Q��	�c\ � � QLH �V[ � � 
 ��
 
 � Q P \~��^  F 6)N}@Q@6N�Á ,r `D�d�;|bULEJ8589<CK3Q7:LEJ)�,=��c9:7<7�W	L � =�5¹�#2 U;@1wB\¨W{2I589keELE5d=?>
LI08083QW	bQ589k24;Q0�J8=KH4LEJ`>Q9:;6H�58G6=jAY3 � L��,L�LI;U> MUL?eI2IJ,0d5dJM3QCS583QJ8=)2IZO58G6=)58G6=K2IJ8g F LI;Q>	CS24W{bULEJM=x58G6=)J8=?LIC`G F9:;�58G6=VeELEJM9k243U01LI7:7:2��,=?>�b�LEJMLIW{=K5d=KJr0dbULICS=¥J8=KH49k24;Q0 F 9<;|58G6J8=K={>6=K5d=?CS589:24;PC`GQLI;Q;6=?7<0 � CMGQLEJMHI=?>y7k=KbQ5d24;
MUL?eI2IJ)et9k247:LE589:24; � \ �(
)��58G6=iJMLE5d=�Z~2IJ,bUJ82BCS=?0M0d=?0,2IZ�58G6=i5¨gBb�=���������S��  F�� G��1J��?L������IZ � ��� * 516�L��� ��IZ
8 L"! � NzL �#� �$! �%&!��'� � ��!(%��� �%&!)�'� �  �� � �'� � %��*�,+
���.-��"! #%$'&)-?&�/*021
w3���4�56b6�$!8b6� � �'� � %�7�8���9 � ���163:<;�;�:=%����>��!�?6��!)7 � %@��A � ���4#�$�'4�7CBEDF�'����7���%�4�D=GYX Æ TCH �$7��	I6�JBK!)% �#� �'�7�4

S � SMLCN g ��O�P� E �RQ D� N�S g �UT�P� E �WV D� N U g �YX[Z \ V D� V$� Y ]W^ +iX Z*_BK���$!�� � ���M8&�$? � �*��%@�`?U7"! � ��7�4	I6�$�'�a �� � 7�%�8&�' ,bcBK�U%�8&� � ���E��5�7"!�d'A�5�d"7'Be7f�>�*5�?U8@%���A*4�7��U � ���(#?U7"!)7�DF� � �$!�7"!����>�*� � 7�%����' a%�� S L N +ag Yih 7"!��`A��'���$!)7 � %��*�a%��U �%��>�'4$+ � X !��$?�!��'4��'� � 4 � ��� ] ���'7Cjlk _:�7�3#��!)7���7mD�7�4�4nDo7 � !)%qpr9.��! � ���e!)%&A*� � \i��7��� ��' r���'5 � !)%����*4'+9)1�[+ ]W^ +iX Z*_ 8&�'7� U4 � � � ���c4 � 7��U �7"!) s4#�$�'4�7CB9.��!�Dt5�8@7s9.��! � ��� ] 8�%&A*� � _ ���'5 � !)%@���rD�7�4�4KDo7 � !�%qp
u T � � ��T � � SX �UT(vxw UU Y ]W^ +iX [*_

BK���$!�� w U %�4 � ����jy7��$5U5�Dz�>p{?6�'� � 7 � %&�*�|j"7�8�5�� ] > )$> _ ��9 � ����5�?�\ � k�?}�75J%&A�A*4�~��'8� xb N U + @(�� ��$!4�5�% � 7"I[8&���>�*�� �% � %&�*��43�*� � T 7��U � X � ���s�>��!�!��'� � Do7�4�4(4#?U8�% �#� %@��A*437��� <Do%qp�%���Ao7���A*8��'4J%�� u T �$7��I6�m��I � 7�%����' ,+� ����7�Do�*5�� � ��9�8&�$? � �*� MU7'j��*5�!Kj{%&�*8�7 � %&�*��A��'���$!�7 � �' �I�k � ���r;i@m;BA�4#�$�'4)7'B��>!)5��$%�7�8�8�k� ��$?6�'�� �4�*� � ��� M[7'j��*5�!F4 � !)5U� � 5�!��	��9 � T 7��� \�YX�b � ���	���$B�4��*5�!)�>�'4r��9&MU7Cj��*5�!Fj�%��*8�7 � %&�*��BJ��%��)�Y ��M��� �7"?�?6�'7"!J%�� � ���B6c:M;�;�:�+ � ��%�4K ��$?6�'�� ��'���>���$7���I6���$8&�'7"!)8&k�4#�$�'��%�� � �����K�'����!)Do7�8@%�4�7 � %&�*� U!��*5�?H\%��� �5U�>�' ��'� � !)%&�'4J%�� � ����4�8��$? � �*�`Do7�4�4KDo7 � !)%��>�'437 �J� ���mB��'7"d�4)�$7�8&� �
] `VU N� _ �P�J� � [ ` U� g'a U�

* P U �*� ] ��T� � ��T$�� � _ 8�� �Y���"�� X}� Y gJ�� hjY ]W^ +iX cl_
BK���$!���� X %�4 � ���r4)�$7�8&�s��9 � ���s!)%&A*� � \i��7��� ��' ����'5 � !)%@���*4$+��!��*D=7"I6�Cj��F% � %�4J��Ilj{%&�*5�4 � ��7 � %��<�$7�4#��'% � ���$! � �������'5 � !�%����mA�5�d"7'Be7��>�*5�?[8�%���A*4c��! � ���8MU7Cj��*5�!Do%qp�%���A*4e?�!��'4��'� � %@� � T 7"!��tj��$!�k � %��lk�b � ���4 � !��'��A � ����9 *���>�BK%�8�8�I6�34�%&A*��%�~U�$7�� � 8�k�!��' �5U�>�' ,+�U%&j��'� � ��7 ��� ���$!��K7"!)�K4#�$j��$!)7�8U?}�*4)4�%&IU8&��!��$A*%&�*�U4�%��� ����4#�$�'4�7CB�?[7"!)7�DF� � �$!K4#?[7��>��BK��%�����Do7'k�A��'���$!�7 � � � ���m��IU4��$!�j��' �Do%&p{%���Ar%�� � �������'5 � !)%����s4��'� � ��!'b�*���t�U7�4 � �	!��'4#��! �J� ��4#�*Do�r7�4�4)5�DF? � %&�*�U4c�*� � T 7��� ��*�7� X � �	Do7"d��s7 ��5�7�� � % � 7 � %&j��s7���7�8&k{4�%�4c��9*���>�BK% � ��%@� � ��%@43DF�{ ��'8W+

d�� � ���3?�!)�'4#�'� � B���!�d}b�B�� � 7"d�� � ���3j{%&�$B � ��7 �2� ���3?�!��'4#�'�U�>�3��9,���*�]\'a$�$!������'5 � !)%����mDo7�4)4#�'4�DF�{ ]\%&~��'4 � ���"6c:<;U;�:�%���4)5��)�	7�Be7'k � ��7 ��� ���J��?6�$!)7 � %�j��(4#�$�'4)7'B�DF�'����7���%�4�D�4�%&A*�U%&~U�$7�� � 8&kFDo7yp{%@Do%�4#�'4
*���>rb}8&�'7� U%���A � ��7���� � ���$!j{%�7"IU8&�� U%�4��>�Cj��$!)k`!��*7� �9.��!�;i@m;BA %�� � ���r���'7"!(9R5 � 5�!���+ � � � ��%�4J�>p � �'� � b8&� � 5�43D�7"d�� � ����9¡�*8�8&�¢BK%���AF7�4�4�5UDF? � %&�*��4mGYX'£+*C¤ Z"¥�¥yH �] 7 _e¦ � 8&�'7�4 � �*�����9 � ���m���'5 � !)%����%A�5�d"7'Be7o�>�*5�?U8�%@��A*4e%�4���9¨§ ] X _ +�����!K ��$~U��% � �'���'4�4$b�B����������*4#�% ��� �<I6� � ��� � ��%&!) ��'%&A��'��j"7�8�5���b � TQ b¨4#� �#� %@��A�% � �)�l5U7�8 � � � ��� � ��?w��5�7"!�d(A�5�d"7'Be7{b � ` + ¦ 4�4)5�Do%���A���'5 � !)%@����Do7�4)4#�'47"!��r�U%&�$!)7"!)����%��$7�8Wb � ��%�4(7�5 � �*Do7 � %��$7�8@8&k�4#� � 4 � ���F8�7"!�A��'4 � �'%&A��'�lj"7�8�5��r��9 � X � �	I6�!)7 � ���$!n�$8&�*4#� � � �Y���"�Ub�7"!��*5��� X ¥ Sª© � X ¥ S X U(��>r+ � ����4#�'�>�*�U r8@7"!�A��'4 � 7��U � ����4�Do7�8�8��'4 � �'%&A��'�ljy7�8@5��'4
� TU � S �$7��«I6��8&�$9 � 5��U4#?6�'�$%&~��' ¬7�4t9¡7"!r7�4 � ���	 ��*Do%��U7�� � �>�*� � !)%&I[5 � %&�*� � �<8&�$? � �*� M[7'j��*5�!rj�%��*8�7 � %&�*�%�4��>�*���>�$!)���' x+�5K�¢B��$j��$!Cb(9¡��!`7�>�*DF?U8&� � �¬���'5 � !)%����Do7�4�4�DF�{ ��'8Wb3�*�������$�' �4 � �f4#?6�'�$%&9.k � ���'4#��'%&A��'�ljy7�8�5��'4 � ����+M®¬�	DF�'� � %&�*� � ��7 �r� ��%�4t4�% � 5�7 � %&�*�Y��7 � 5�!�7�8�8&kM���$�$5�!)4�BJ% � ��%���7�A��'���$!)%@��¯2° ] X ¥�_
U;@ � DF�{ ��'8Wb�DF�{ �5�8&�F7��$�$%� ��'� � 7�8x�$7��U�>�'8�8�7 � %&�*��4'+



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

] I _ � ����Do7 � !�%qp<BJ��%��)�� �%�7"A��*��7�8�%@4#�'4 � ����?�!��{ �5�� � � T � T � ��7�4��'% � ���$!t7 6 a�:1\i8�%&d���4 � !�5�� � 5�!��BK% � � 4�Do7�8�8JDo%qp�%���A«��!�7 e : ,m;|8@%&d���4 � !�5�� � 5�!��<BK% � � 8�7"!�A��MDo%qp�%���A�+ ,K� � %��>� � ��7 ��� ���MDo%qp�%���A?�!��'4#�'� � %�� � T � T �  �� � �$!)D�%����'4 � ����7�DF�*5�� � ��9 * �9>rb27�4sA*%&j��'�I�k)��U+ ]W^ +iX cl_ + ¦ 6Ba�: Do%qp�%���A��7 � 5�!)7�8@8&k�7"!)%@4#�mBK% � ��%@�	7	¯2° ] X ¥�_ U;@ � BK���$!�� � ����5J%�A�A*434#�'� � ��!(��9 � ��� � ���$��!�k�%����$8�5U ��'4 � B�� F�H]\?U8&� � 4$b !��'4#?6�'� � %&j��'8&kM�>�*5�?U8@%���A � � � ���	5�?�7��� � ��CBK��4#�'� � ��!'bn?U8�5�4m7 F L !� �%@DF�'��4�%&�*�U7�8E5J%&A�A*4�~��'8� A*%&j{%���A�!�%�4#� � � � ���	!)%&A*� � \i��7��� ��' Y���'5 � !�%����*4t:�7�3#��!)7���7MDo7�4�4 � �$!)D�+ � ���	!��'4�5�8 � %���A � ���$��!)k � ���'�?�!��' �%@� � 4$b{BK% � ����I�j�%&�*5U43��� � 7 � %&�*�
�
Q � � T Y �

O � � O � ]W^ +iXGF _
:`��!)�$�Cj��$!'b6%�� � ���� �%@7"A��*��7�8x�)�U7"!�A��' �8&�$? � �*�`Do7�4�43D�7 � !)%qp�IU7�4�%�4e�*���t��7�4

��T ��� v���! � � Q"$#&% � � �'�! Y ]W^ +iX ^ _
BK��%�����~�p{�'4 � ���)(U7Cj���!J4 � !�5�� � 5�!��m��9 � ��� � ���$��!)k�+

�� � ���s� � ���$!m��7��� xb67 e : ,m;�8�%&d��sDo%qp�%���A�%@� � ���F���'5 � !)%���� A�5�dy7CB�7��>�*5�?U8�%���A	Do7 � !)%qp<���$�' �47�4#k{DoDF� � !)%�� � �>p � 5�!��'4�'% � ���$!%�� � ���r5�?�\���!m%�� � ���r ��¢BK�]\i4#�'� � ��!C+ � ��%�4K�$7��<I6�t7��$�>�*Do?U8�%�4����' ,b[9¡��!%���4 � 7��U�>��b[�>�*5�?U8@%���A � ���� ��CBK��4#�'� � ��! � ��7��>�*DtIU%��U7 � %&�*�`��924#k{DoDF� � !�%��m7��� �7�� � %�4#k{DoDF� � !�%��"5(%&A�A*4!��$?�!��'4��'� � 7 � %&�*�U4$bU7"A*7�%���BJ% � ��%���7���¯2° ] X ¥�_ U;@ � GYX'£�£ H +^d � � �U%�43�$7�4#���*������I � 7�%���4 � ���m!��'8�7 � %&�*�
� T � _+*  -,/. �

Q
"$#&% � ]W^ +iX10 _

� ��A�� � ���$!cBK% � �	7�4�4�5�Do? � %&�*� ] 7 _ b � ���(�$7�4��(BJ% � ��4)Do7�8�8�6Ba�: \i8@%&d��(D�%qp{%@��A�A*%&j��'4e7gf�B���!�4 � �$7�4#� h4��>�'��7"!)%���b�BK���$!��'7�4 � �����$7�4#��BJ% � ��8�7"!�A���: ,; \i8�%&d���Do%qp�%���As?�!)�Cj{%� ��'4c7 f�I6�'4 � �$7�4#� h�9.��! *���>t+¦ 4�9¡7"!`7�4����'5 � !)%����Do7�4�4��'4`7��� �Do%qp�%���A*4	7"!����>�*���>�$!����' ,b7�4�4�5�DF? � %&�*��4 ] 7 _ 7��� ] I _ ��7Cj��I6�$�'�|�>p � �'��4�%&j��'8�k 4 � 5� �%&�' a%�� � ����8�% � �$!�7 � 5�!���b37��� % � �U7�4�I6�$�'� 4����CBJ� � ��7 �	� ���$k|D�7'k|8&�'7� � �?U���'���*Do�'���*8&��A*%��$7�8�8�k�j{%�7"IU8&�mDF�{ ��'8�4e9¡��!K���'5 � !�%����FDo7�4�4#�'4tGYX'£�£ H +
U%&j��'� � ���'4#�J��k�?6� � ���'4�%�4$b � ��� * �9>�D�7�4�4 \i%���4��$! � %&�*��427 ��� ���KB��'7"do4��$7�8&�(%�� � ���16c:M;�;�:�� ,�7"!��A*%&j��'�,b�9¡��! � ���mB���!)4 � 7��� �I6�'4 � �$7�4#��!)�'4#?6�'� � %&j��'8&k�7�4 �

24365  87:9<;# 
 �

] ` U N� _ U S � � [ ` U� g'a U�
* P U � U` � ` O � ` 8 8�� � ���"�� X $ g § ] � TU _ U Y ]W^ +iX* _

] ` U N� _ Q U � � [ ` U� g'a U�
* P U � U` � ` �<� ` 8 8�� �«�l�"��«X $ g|§ ] � TU _ U Y ]W^ +iX'£ _

] ` U N� _ Q S � � [ ` U� g'a U�
* P U � U` � ` �<� ` O 8@� �«�l�"�� X $ g § ] � TU _ U � ]W^ + Z"¥�_

= 
  87:9<;! �
 �

] ` U N� _ U S � � [ ` U� g'a U�
* P U � U` _ O Q _ �tQ 8��

�«�l�"�
� X $ gf§ ] � TU _ U Y ]W^ + Z X _

] ` U N� _ Q U � � [ ` U� g'a U�
* P U � U` _&�tQ _ 	 Q,8�� � ���"�� X $ g § ] � TU _ U Y ]W^ + ZRZ*_

] ` U N� _ Q S � � [ ` U� g'a U�
* P U � U` _ O Q'_ 	 Q,8��

�Y���"�
�«X $ g § ] � TU _ U Y ]W^ + ZR[*_

BK���$!�� � %�4 � ����6 a�:=Do7 � !�%qp	7��� _�%@4 � ���8��$? � �*��%��?> e : ,;�V{D�%qp{%@��AtDo7 � !�%qp}+ d � %�4e���CB���I�j{%&�*5�4� ��7 ��� ����4#�$�'4�7CBB\ªA��'���$!)7 � �' EDo7�4�4�%@��4#�$! � %&�*�U4o7"I6�Cj��M8&�'7� � �Yjy7"!�%&�*5�4 * ��>=?�!��{�>�'4�4#�'4$bc8�%&d���!)7"!��8&�$? � �*��%@��!�7� �%�7 � %&j��� ��'�$7Ck�4'b # � Q �>�*�lj��$!)4�%&�*��%@���l5��$8��'%sG Z"¥ X H bdX�� [ # G Z"¥ Z¢H + ����¬��9 � ���9.�'7 � 5�!��'4	BK��%����a4 � 7��U �4��*5 � %@4 � ��7 � bJ%�� � ����I6�'4 � �$7�4#�¬4��>�'��7"!)%���b � ���M7�DF?U8�% � 5U ��`9¡��!�7��lk * �9>?�!��{�>�'4�4�%���j��*8�j�%���A�# � Q � !)7��U4�% � %&�*��4A@�
CB9
$DE@# ��*� � ���J���'5 � !�%����tD�%qp{%@��A�7���A*8&��b�_ O Qyb{��9xBK��%����oj��$!�k



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

8�% �#� 8&�(�>p{?}�$!�%�DF�'� � 7�8}%@��9.��!�Do7 � %&�*��%�4e7'j"7�%�8�7"IU8���b��>p��>�$? � 9¡��!37���5�?�?6�$!eI6�*5��� ] 4#�$��b 
�����@b��3�$9 +�G Z"¥ [¢H¡_ +� ����4�7�Do��4 � 7 � �'DF�'� � %@4 � !)5���9¡��! X � Q ?�!��{�>�'4�4#�'4 � �l��+ � ���"X � # � !)7���4�% � %&�*��4c7"!���%@��4 � �'7� g_ O Qb\%��� ��$?6�'�� ��'� � ?�!���I6�'4,��9U;i@m;BAsb'BK���*4���%�DF?6��! � 7����>�¨Be7�4 ~�!)4 � ?6�*%�� � �' m�*5 � %��m�3�$9 +�G Z"¥Ac"H +1� � ���$!)BK%�4#��b� ����8&�$? � �*�U%�� (U7'j��*5�!�j�%&�*8@7 � %���A � !)7���4�% � %��*��4�7"!������CB �>�*DF?U8&� � �'8&k  �� � �$!)Do%@���' �%�� � �$!)Do4���9 � ���
6c:M;�;�:�� ,�4#��9 � IU!��'7"d�%@��AF?U7"!)7�DF� � �$!�43�*��8&k�+����!M ��$~U��% � �'���'4�4$b(B��«8�%�4 � I6�'8&�CB � ����?�!��'4��'� � 7��U �5�?,�>�*Do%���A�>p{?6�$!)%�DF�'� � 7�8m8�%�Do% � 4��*� � ���� � ����� Y �M ��'�$7'k{4$+
�:5 
  
$D�7 I��(��� 7( �

��� ] # � Q � _ � X � Z � X ¥ � S#S G Z"¥ F H
��� ] X � #�� _ � [ � X � X ¥ � � G Z"¥ ^ H
��� ] X � Q � _ � [ � 0 � X ¥ � � G Z"¥ 0 H

��B 9 3 ��� D �3I�� ����7( �
��� ] # � Q � _ � X ¥ � S Q � X ¥ � Sª© G Z"¥ * H
��� ] X � #�� _ � X ¥ � � G Z"¥ 0 H
��� ] X � Q � _ � X ¥ � � G Z"¥ 0 H

d�� � �������>p � ;��'� � %&�*��4'byB��eBK%�8�8l�>�*��4�%� ��$! � ���e7"I6�Cj��38�%@4 � �' �I6�*5��U �4 � �m�>�*��4 � !�7�%�� � ��� 63:<;�;�:�� ,?U7"!)7�DF� � �$!(4#?U7��>��+

���.-�� � #%$'&)/10,('*I(	� /10,2�
� ��� � S 
 U�� 1 2 0>( & 0>(	�������
®¬��?�!)�'4#�'� � �*5�!o!��'4�5U8 � 4F9¡��! � ���`���6�'� � 4���9 * �9> �*� � ��� 6c:M;�;�:�� , ?U7"!)7�DF� � �$!	4#?U7��>�<%�� � ���] `�� �U� S 
 U _ ?U8�7�����b�7�4c�$5�4 � �*Do7"!�k�%�� 6c:<;U;�: 4 � 5U �%&�'4$+n®¬� � ���'���>�*�U�>�'� � !)7 � ���*� � ���!��$A*%&�*��4e��9� ���?U7"!)7�DF� � �$!J4#?U7��>�BK��%�����4�7 � %�4#9¡k�7�8�8 � ���m�>�*4�Do���ª?U���'���*DF�'���*8&��A*%��$7�8,�>�*��4 � !�7�%�� � 4 ] 4��$�t;��'�"+���+! _ +¦ 4�7a4 � 7"! � %���A|?}�*%@� � b�B���?U!��'4#�'� � �*5�!�!��'4�5�8 � 4`9.��! � ����>PI6�'4 � �$7�4#�#"(4)�>�'��7"!)%&� %�� � ���«?U8�7����] � S 
 U Y `�� _ bU9.��!K7s~�p��' �j"7�8�5����9 � 7��%$�7��U Va�� � ¥ b[7��� `7sA*%&j��'�`4)%&A*����9o#¨+'& ��BK�U7 � 9.�*8�8��CBK4$b�B��BK%�8�8,7�8�B�7Ck�4J4����CB�I6� � ��7  ��;DI1I�7��U �7,I ; 5 � 
 � 7��%$Y�$7�4#��b[!)�'4#?6�'� � %&j��'8&k�4#� �#� %���A � 7��($ �*) ¥ 7��U F ¥] 9.��! � ���*5�!��*5�A*�� �%�4��$5U4�4�%&�*��4�7"I6�*5 ��� ��� � 7���$+�i ��$?6�'�� ��'���>�%�� *���>�?�!)���>�'4�4��'4c4#�$�m�3�$9 +6G, ¥�¥ b- ¥ £ H¡_ +&��`�n%&A�+ ^ + *sB���?U8&� �e� ����%@4#�*8&�$j��'8,�$5�!�j��'43��9n�>�*�U4 � 7�� � ��� ] X � #�� _ 9.��! � 7���$ �.) ¥ 7��U ,# 0 ¥ +��!��*D � ���(~�A*5�!)��blB��m4#�$� � ��7 ��� ���(?U!��'4#�'� � �>p{?6�$!)%�DF�'� � 7�8[8@%�Do% � 7�8�!��'7� �ko4 � 7"! � 4e?U!���IU%���A � ���!��$A*%&�*���9 � ���J?U7"!)7�DF� � �$!c4#?U7��>�m7 � 8&�CB@`��K7��U ,� S 
 U blBJ��%��)�	%�4�8�%&d��'8&k � �sI6�K �%&!��'� � 8�k � �'4 � �' �7 � � �$jy7 � !)�*�,+� ���(A�!��$�'��?U7 � ����!��$?�!��'4��'� � %���A � ���m�>�*7����U%���%�8�7 � %��*��!��$A*%��*�	%@� � �$!)4��'� � 4 � ���m%�4#�*8&�$j��'8�4e�>��!�!)�'4#?6�*�� �%���A� �C�e� ] X3� #�� _ I}� � B��$�'� ) ¥ � S � 7��U ) ¥ � S#S b}7�8&�$j��'8 ��9¨4#�'��4�% � %�j�% � k�8�%&d��'8&k � ��I6��7�����%&�$j��' <�*��8&k�7 � ��' �%��$7 � �' X/�ª9R7�� � ��!)%&�'4$+%&�� � �U%�4K8&�¢B � 7��0$Y�>�*7��U��%���%�8@7 � %&�*��!��$A*%&�*�xbUBK��%@�)��BK%@8�8,I6���'� � %&!��'8&k�?�!���I6�' 7 �3� ����* 5 6b *���>  ��l�'4K��� � 4�%&A*��%�~U�$7�� � 8�k�%�DF?[7�� � �*� � ������5��'4 � 9¡��!(;i@m;BAs+� ���34)% � 5�7 � %&�*�F4�%�A*��%&~U�$7�� � 8&k�����7���A��'4$b{���CB��$j��$!'bl9.��! � ���K8�7"!�A�� � 7��($�!��$A*%&�*�,b�BK���$!��c�*���c�>p{?6�'� � 47o8�7"!�A����'����7����>�'DF�'� � %@� � ���� ��'�$7Ck�!)7 � �'4 ] BJ��%��)�`!��*5�A*��8&k	4��$7�8&�r7�4 � 7�� U $ _ +	& ����%�A�+ ^ + £�b[B���4����¢B�e� ] X � #�� _ %@4#���i�>�*� � �*5�!)4K9¡��! � 7���$ � F ¥ +#,J� � %��>� � ��7 � B��t��7'j��s���CB��)���*4��'�V#R& ¥ 4#� � �U7 �3� ���¦ �ª?6�*8&��9¡5��U���'8n!��$A*%&�*��4 ] 4#�$��~UA*5�!����$7"? � %��*� _ 7�8�4���7"?�?6�'7"!�BK% � ��%�� � ����7�8@8&�CB��' �?[7"!)7�DF� � �$!s4#?U7��>��+5K�$!)�(B��m4#�$� � ��7 � �$j��'� � ���(?�!��'4#�'� � �>p�?6�$!)%�Do�'� � 7�8[I6�*5��� o�*�%�e� ] X � #�� _ �$7����>p��$8�5� ��Jjy7�8�5��'4���9`���5�? � � * ¥�¥21 ��>�7��� M5�? � �3� ¥�¥21 ��>�%@� � S 
 U + � ���s%�� � �$!)4#�'� � %&�*�<��9 � ���F%�4��*8&�$j��'8 �$5�!�j��'4BK% � �� ���3�>�*7�����%@��%�8�7 � %&�*�t!��$A*%&�*��7��� sBK% � � � ���c9R5������'8 � 7"d��'4�?U8�7��>�37 � �e� ] X � #�� _ � ) ¥ � � 7��� s�>p � �'�U �4I6�$k��*�� ) ¥ ��4 b�B��'8�8,BK% � �U%�� � ����4#�'��4�% � %&j�% � k�!)�'7��)�`��9n?�!)�'4#�'� � 7�4KB��'8@8,7�43?�!���?6�*4#�' �	�ª9R7�� � ��!)%&�'4$+� ���F7�DF?[8�% � 5� ��r��9 #'� Q �Y%@465 O Qr ��$?}�'�U ��'� � bx7�4�DF�'� � %��*���' M�'7"!)8�%&�$!C+7&��¬��%�A�+ ^ + ) ¥ b B��F?U8&� �%�4#�*8&�$j��'8@4J�>��!�!)�'4#?6�*�� �%���A � � � ���t?U!��'4#�'� � �>p{?6�$!)%�DF�'� � 7�8�8�%�Do% � �*�E��� ] #� Q � _ 9.��!mj"7"!)%&�*5�4Jj"7�8�5��'4��985 O Qy+ ,K� � %��>� � ��7 � ���$!��KB�� � 7"d�� � ���JD�%qp{%@��A�7���A*8&�;� S Q � Q �

�:9 5 O Qc7�4 � ���K!)�'8&�$jy7�� � j"7"!)%�7"I[8&��+n®¬�



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

0 250 500 750 1000 1250 1500
M1/2 (GeV)

0

250

500

750

1000

1250

1500

m
0 (

G
eV

)

τ−>µγ = 3 10−7

τ−>µγ = 6 10−8

τ−>µγ = 10−8

τ−>µγ = 10−9

τ−>µγ = 10−10

τ−>µγ = 10−11

Tanβ=10, µ>0, A0=0

�n%&A*5�!�� ^ + * �E� 2 ���)�����V- 2 �p @�� U3���)�;�;��� - 2�&�� - (32 �cq,�����)9:� ( ���	- q�� $ �.l�U3� (32 � ��� Z�\;] � T J � q��������'lc�)�3� &�� �� 
� k��)�3�!q 2 ��� & 9:��� & � & �)U $ ���R���� $�& -'9 & � & �)U $ ��� $;& ��- ( ����U3� ( -�l /.& � =;>@?5A B ^eH l
	�� H ���� oI J B H!L � 2 �o�+U3���'-
$�& �'���.- q & �! (�& �����'U & *x-5UW- & � �.���.� $ * �'���'- � (� � ����� 	�� � BcD�� ^eH���� l�� � ^`H���� l ^eH���� l ^`H���� l ^eH�� Z J l ^eH�� Z�Z L � 2 �
- ( �)� ( U3����q & U3� ( &�/ ��� $;2 � U3�!�<UW-s �U $�( � ( �� � k (n2 � $;& �! )U ( U & �vT! "$# B T% 

&
l � 2 U $�2<Y(' �.- (32 �<� &�� �'- ( q & -�-'U � ���s�����+*,�

&0/ T J L � 2 �	UW- & ��������� $ * �'���'- ( �.�'9	U3�!� ( � � 2 ���������@ )UX� ( U3���o����� $�( � &�� ���e8�"*) ",+ � �����e8)U3�$�CQ.- 
 "�/ S $;& �! )U ( U & ��-
$ ���,� &�( � � / * � Y �3���� �l (n2 ����� /.& ���0�@U3�eU3��� (n2 �#���)���p�.- ( q & -�-'U � �������)�+*,� &�/ TtJ L

0 250 500 750 1000 1250 1500 1750
M1/2 (GeV)

0

250

500

750

1000

1250

1500

1750

2000

m
0 (

G
eV

)

τ−>µγ = 3 10−7

τ−>µγ = 6 10−8

τ−>µγ = 10−8

τ−>µγ = 10−9

Tanβ=50, µ<0, A0=0

�n%&A*5�!�� ^ + £�1 � 2 ���)�����V- 2 �p @�� U3���)�;�;��� - 2�&�� - (32 �cq,�����)9:� ( ���	- q�� $ �.l�U3� (32 � ��� Z�\;] � T�J � q��������'lc�)�3� &�� �� 
� kV���3�Mq 2 �.� & 9o�.� & � & �@U $ �)� ���� $�& -'9 & � & �)U $ ��� $�& ��- ( �;��U3� ( -�l /.& � =�>)?5A�B �)H l(	32 H �)�! :I1J B HML � 2 �:*`qpq����
������� � ( ���)���h�tT�J ����q!���.-��.� ( - (n2 � / * �,���.�����4�)U & � L � 2 � �+U3���'- $�& �'���'- q & �� (�& ���)�'U & *x- UW- & � �.���.� $ * �'���.-C� (
 � ����� 	�� � B D5�@^eH ��� l6� �)^`H ��� l ^eH ��� l ^eH ��� L �<-cU3� i U7� L98)L;: lR��� $�2 � U3�!�j- ( ��� ( -j� ( T  " # B T  

&
���! ��.�� �-

� 2 �����=<>- 
 "�/ $;& �! )U ( U & ��-����;�j� & � & �$�h�.� / * � Y �3���� L



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

0 250 500 750 1000 1250 1500 1750
M1/2 (GeV)

0

250

500

750

1000

1250

1500

1750

2000

m
0 (

G
eV

)

s13=0.05
s13=0.02
s13=0.012

Tanβ=50, µ<0, A0=0

E
xc

lu
de

d 
R

eg
io

n

µ−>eγ

�n%&A*5�!�� ^ + ) ¥ 1 � 2 � ������� - 2 �@ p�� U3� �@�������[- 2�&�� -�lj��-�U3� i U7� L=8)L � l (n2 � �)�3� &�� �� �q,�����)9:� ( �.��- q,� $ �.ljU3� (n2 �
��� Z�\;] � T J � q!���)�!�.l /.& � =;>)?RA_B �)H l>	 2 H �)�! I J B HML � 2 � �+U3���'- $�& �'���.- q & �! (n2 UW- ( U39o� (�& (n2 � b����
� � ��� ���p? � � �
	@b �  )U $.( � ( �� � k (n2 � $ * �'���.� ( � ' q����'U39o�.� ( �)� � & * �� & �  � � 	 � � � � l /.& � �����'U & *x-C���)�+*,�'- &0/
� Z� B H�G H � �jH�G Hpu �)�! H�G H�^�u �jq & U3� ( -o�+k�U3�$� (�&�(n2 ����� /�(s&�/v(n2 �.-�� $ * �'���.-����;� 2 �.� $ � /.& � (32 � � ��b�� � � = � k (n2 �
$ * �'�;�.� ( � & * �!  � � 	 ��� � � 2 ^@G u �!^eH � Z�Z L � 2 � � 'p( ���.9o� $ ��-�� � Z� B H,G u!�O& * �� %�'* ��� & * (#(n2 �C�.� ( U3�;�
q��)����9o� ( ���j- q,� $ �'l5���� vUW-#� &�( - 2�&�� � L �,�h��U3��l5��-jU3� (32 � q!��� $ �� �U3�$� Y �)* �;�'-�lm��� $�2 �+U3�!� � �4�)U3�,-�� ( T  " # B T  

&���� ����! �- � 2 �.��� - 
 "�/ $�& �� �U ( U & ��-#�)����� & � & �$�h�.� / * � Y �3���� L

0 250 500 750 1000 1250 1500 1750
M1/2 (GeV)

0

250

500

750

1000

1250

1500

1750

2000

m
0 (

G
eV

)

BR(µ−>eγ)=10−13

BR(µ−<eγ)=10−14

BR(µ−>eγ)=10−15

Tanβ=50, µ<0, A0=0

Worst Case Scenario
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Maximal Projected Exp. Bound on µ−>eγ
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Current Exp. Bound on µ−>eγ
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Current Exp. Bound
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τ−>µγ

µ−>eγ, without Ycharm

µ−>eγ, with Ycharm

Tanβ=50, µ>0, Α0=0

m0=343 GeV, M1/2=500 GeV

Visibility (Ratio=1)
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