
����� ���	��
 ������������������ ��� � �!��"�#
$&%(')'�*,+-%-.0/

13254 ' 25687925:<;>=@?A;-BCBD;

E FDGIH0J0K<L�M�NOHQPRKSG
TAUVT WYX[Z[\�]_^<`VacbDd
egfih[jlknmporqskutvmxwijiylzn{|z~}S�5mxov���u�������(}��v���ph�{Oqs{nmx�ihs�iqsknh�znfih[�ih�z~hR��z~}�kO��}�wl����ylk~q��znmp}�w����xh������|����h����i���@ n�D¡¢�¢£�¤	�¥or��kn¦Y§@¨Ofimx�©fv��}�w�z©qsmxwi{ª�ih�znhR��zn}�kA{nj(hR�Rm����Ompwl«¬}sknorq��znmp}�w>�)z~flh�A®s¯��q�z©qs��q�{nh9�i�ph����[°|�9�( Vh�®�hR�[°��¥or��kn¦Y§>¨Ofimp�©f,�R}�w�z~qsmpwi{3wi}�w��±�ih�z~hR��z~}�k{Vj-h��Rmx�i�I{nh�znz~mxwi��{��0qswi�²znfihIj�q�k~qsoSh�znhRk����ph¯��³-´�µ��� n�¢h�z~hR��z~}�k���jiqskn¦Y§[¨Ofimp�©f¶��}�w5�z~qsmpwi{|znmpoSh�·�qskVt�mxwi��{nmpo�yi�¸q�znmp}�wvj�qsk~q�orh�z~hRkV{R�egfih,�ih�znhR��zn}�k¹{nmpo�yi�¸q�znhR�<��t!�5mpor���u�,�&�ºqsw»�-h��©f�qswi�shR�!��t��©f�qswl��mpwi��¨Ofimx�©f���|��mp{¼mxwi�R�xyi�ih��½q�z@z~fihAz~}�j½}�«iz~fih��[°|����egfih|���|�»jikn}�·�mp�ih�{¼mxwl«¬}�knorq�znmp}�w�qs�(}�ylzhRqs�©fv{Vyi�5�±{ut�{Vz~h�o¾}s«CznfihO�ih�znhR��zn}�kR�0�±wSj�qskuz~mx�Ryi�pqskR��q��p�i}s«-z~fihO}�j5z~mp�Rqs�ijikV}�j(hRkVznmph�{A}�«znfih�}�j5z~mp��{�q�{�¨9hR�p�3qs{¹z~fih�mpk¹{nyi{Vj-h�wi{nmx}�w�{Vt�{uz~hRoS{[qskVh,mxwi�R�xyi�ih��!mpw�z~fimx{¹�i�phs�O´��p{n}mxwi�R�xyi�ihR�¯qsknh�z~fih½jiqsk~qsoSh�znhRkV{��ih�{n�RkVmp�imxwi�vznfih½mpwljiylz¢�(hºq�o¿�¬j-}�¨9hRkR�Cor}��iyi�pq�z~mx}�w«¬kVhRÀYyihRwl�Rmph�{R�(h�zn�s�Á§Iqswi�<z~fih���hR}sorh�z~knmx�ºqs�Cj�qsk~q�orh�z~hRkV{�}�«@znfih,mxw�z~hRku«¬hRkV}�orh�z~h�k��¬}�j5�znmp�ºq��3jiq�z~f»�phRwl�sz~fi{��-}sylzV�Â}s«¸�±ji�pqswih�knh�Ã�hR��z~mx}�w�qswi�s�phR{��	h�z~���Ä§Å��´|z�jiknh�{nh�wYzR�>}�wi��tÆz~fih�D¡¢�&£�¤YoÇ�ih�z~hR��z~}�k¹�R}swl����yiknq�z~mx}�wÆmp{Oqº·�qsmx�¸qs�i�xhs��5mxwi�RhO��mpor�D�u���½È�{3jikVmporqskVt�jiyikVj-}s{nh|mx{@z~}[{uz~yi�5t½wi}�mx{nh9jikn}�jiqs��q�znmp}�w>��z~fih9z~mpoSh��}�wi{nylormxwi��jikn}��Rh�{n{A}s«>�x}5�©¤�qs�RÀYyimx{nmxznmp}�w�mx{ªwi}szA{nmxo½yi�¸q�z~hR�C�@�±wi{uz~hRqs�>�Yz~fih¹j-}�¨9hRkªmpwznfih9�c�3�Émx{3qs�p�x})¨9hR�[zn}��iylmp�p���(h�«¬}�kVhAznfihA�R}�w�z~kV}����p}�}�ji{3qskVhªhRwi��q���hR�>�@´�«ÊznhRkD�R}�w�znkn}��f�q�{��(hRhRw²hR{Vz~qs�i�xmp{nflhR�>�3z~fihS·sq�knmp}syi{[¨OfimxznhRwimxwi�¯qswl�²�ih�¨OfimxznhRwimxwi�!����z~hRkV{�q�knhS{nh��ÀYyih�wYznm¸qs�x�xt,hRwi��qs��hR�Sqswl��znfihgwi}�mx{nhg{V}�yikn��hR{AqskVhghRw�qs�l�phR�C�ªË»yi�©fS}s«	z~fihg{VhRÀYyih�wYznm¸qs�h�w�qs�i�xmpwi�Æ}s«A����z~hRkV{�qswi�Ìwi}�mp{Vh�{n}�ylkn�Rh�{�mx{[�i}�wih�mpw�znfihS³-´¢µÍ�i�ph��Î{VhRh² ~�5h�À�ylhRwi�Å�mxwi��¦�wihºq�kOznfih�hRwi�»}s«¼znfih��i�ph�§Å�9egflh�¨Ofim�z~h�wimpwi������z~hRkV{¹qsknh,qsw�h��5�Rh�jlz~mx}�w»zn}Sznfimp{kVyi�ph�Ïiz~fih�mpkgz~yikVw5�±}sw�znmpoShR{OqskVh�{Vh�z�mpw<z~fih,�[°|���Îh����l�x�9 ~��}�w�znkn}��x�phRk��¥z ÐÑfim�z~h��¢w!ÒÓ �ÁÔsÕs¦�§��

Ö

Hiroaki Yamamoto
LIGO-T020139-00-E



TAU±× ØÚÙ¢b&^<`cÛ[Û�aubÝÜ8Þ3ß
´Ñ�(}����R}�oSor}swi�xt�yi{nh��rz~}�mpw)àVhR��zª{Vmp��wiqs�p{ªqswl�v�©f�qswl��hO��qsmpwl{Amx{Qz~fihv n�¼mx�i�i�xhR¦[�(}��-��¼mx�i�i�xh<z~qs¤sh�{Æqá{Vmpwi�s�ph<mpwijlylzº�|o�yi�xznmpji�xmphR{�m�zS�Yt_qá��qsmpw>��qswi�âq��i�i{rzn}²m�zr�xmpwihRqskqswl�	ã�}�k�{nmxwYyi{n}�mx��qs�|«¬yiwl��z~mx}�wi{�}s«�z~mpoShs�äegfih�j�qsknqsorh�z~h�kn{S}s«[q����i�i�xh�qsknh���qsmxw>�}så-{nh�zº��{V�p}�j(hs��q�orj>�5«¬knhRÀ	��jifiqs{nh,qswi�<knh�{nh�zº�Aegfih�}�ylz~jlylz¹mp{g��m�·�hRw���t
æCçéèÅê Ò���qsmpw�ë æ-ìÄí¹î }så-{nh�z îÉï êêñð {n�x}�j-h�ò�ó î qsoSj�ëgô�õ�ö0� ï

ê
êñð «¬knhRÀIò�ó î jlf�qs{nh�§¶� Ö §

¨Ofih�knh!óc÷Æmx{rznfih¯�¸q�{VzSz~mpoSh_ Vknh�{nh�zn¦Ú¨|q�{Æ{nh�zvz~}¶q²wl}�w5�±ø�hRkV}²·�qs�pyih��úù¹}sz~h!znf�q�z V}�åC{Vh�z~¦��Rqsw»�(h�yi{nh�«¬yi�3qs{Oqsw�mpwijlylzOj-}smpw�zg«¬}�kgoS}5�ih��ph�k «¬kVhRÀ	�
TAUÂû üÑ\[X[X[`uX¢ýÿþ Þ¹Û[b3acb��
´ �xmxznzn�ph�{nh�z~yijámp{¢wih��Rh�{n{~q�kVt �(h�«¬}�kVhSkVyiwiwimxwi�ÆoS}5�ih��ph�kR��egflh��ikn{Vz[znfimpwl�Iz~}<�i}<mp{��wl�Iz~fih[A®s8mpwl{Vz©q��p�	�impkVhR��z~}�kut��5¨Oflmp�©fI¨Omp�x�	�-h��ph�«Êz|qs{gqswvh��5hRkV�Rmp{Vh¢z~}�znfih¢kVhºqs�ih�kR�qswl�Ìorqs¤�h�{nyikVh½z~f�q�z[znfih½·�h�kn{Vmp}�w }s«9or}��ih��phRk�mp{ Ó ® Ó��sÓ £Æ}sk¢�¸q�znhRk��I�¬or}��ihR�xhRk¢kVh��j(}�kVzn{Qmxzn{@·shRkn{Vmp}�w�wYyio½�(hRk@¨OfihRw�knylw	§��QegflhghRw�·�mpkn}swiorh�w�zQ·�qsknmpqs�i�ph½ nA®s ³-´0eO¡¹¦¨Omx�p�(qs�p{V}½wih�hR�Iz~}��(h¢{Vh�z|zn}  ����	��
	�������������������������������� ��!���������� �	���"�����5¦I¨OfihRkVh
���	�#
$������"�"������� �	�Æmp{9z~fih¢«¬yi�x�Cj�q�z~fÆz~}½znfih,�5mpor���u�,�ú�imxknhR��z~}�kut��¬mé�¥hs���ihRwl�i{g¨Omxz~f�5mxov���u����§9qswi�%� ��!��������������Imp{|znfih�A®s_mpwl{Vz©q��p�>�imxknh���z~}skVt �¬mé�¥hs���i{nyl�©f»z~fiq�z
� ��! �	������� �	���&�'�#()��*)+-,�.���.�/¯mx{|z~fih�oS}5�ih��ph�k|�impwiqskVtl§��ÐÑfih�w�knyiwiwlmpwi��or}��ihR�xhRk���m�z¼mx{@��}�w�·�hRwlmphRw�zQzn}¢orqs¤sh�qsw�mxwijiylz@knh��R}�kV�½���ph��Î�cµ¹���h����i���� n�¢h�znhR��z~}�k���mxwi¦Y§¹znf�q�z��R}swYz~qsmpwl{�znfih�knh�{nj(}�wi{VhR{,zn}<or}��ihR�xhRk�È�{¢mxw�z~hRknqs��znmx·shSmxw5�znhRkV«Îq��Rhs��egfih��cµ¹� �R}�w�z©q�mpwi{Iznfih��iyiknq�z~mx}�w�}s«�{nmxo½yi�pq�z~mx}�w_kVyiw�qs{I¨�h��p��qs{Iz~fih«¬kVhRÀYyihRwl��t�q�wi�¯�ih�{Vz~mxw�q�znmp}�w»}s«ª}�ylznjiylz¢�iq�z©ql�¹e3}Iknyiw�oS}��ihR�xhRkg¨Omxznf!z~fih,�ih�«Îq�yi�xz�cµ¹�Úh��5hR��ylz~h�z~fih¢«¬}s�p�p}�¨Omxwi�½�R}sororqswi�Æ�xmpwih�mpwÆz~fih���mpor�D�u����ãs°�}º�5hR{~ã��impkVhR��zn}�kVt)0
132 4�576 . 5 . 2&5 + /98��#(;:=<>*'+-,�.���.�/?: �'�#(

egfihS}�ylznjiylz���q�z~q�q�wi�á{Vh�zVz~mpwl��{�knhR��}�kn�Ì���ph�{r���O´0e qswi�á�l0e[�Dhs�¥�i���¢ V�¢h�z~h����zn}�kR�¥��q�zn¦¯qswi�ú n�¢h�znhR��z~}�k���{Vh�z~¦�§�¨Omp�x�0�-hr�RkVhºq�znhR�Úmxwáz~flhÆ�5mxov���u����ã��[q�z©q�ãv�lmpknh����zn}�kVts�
TAUA@ þ B¼]ia�BDC
��z~qskVzOorq�zn�¸qs�ÆmxwIz~fih,�5mxov���u����ãsË!q�z~�pqs�	ã,�lmpknh���zn}�kVts�

®



TAUFE ØÚ`HG b3I ÞJGKBª`VX=I7B¼]	B
e3}��p}�qs�Æznfih���q�z©q½«¬kV}�oÇq�{nmxo½yi�¸q�z~mp}swvknylw»yi{Vmpwi��znfih��ih�«Îqsyl�xzO�cµ¹�8yl{nh
���MLN, 4 5PO �-Q�(�,�R?ST*)+-,"	+ 4 ,VU�W�8�8X� 6	4 5�4 � 6 . 5 . 2&5 + /98N, 4�5 WZY\[

egfih¢jl�p}szVz~mpwl��«¬ylwi��znmp}�w8 uor}���³0�p}szn¦�yi{nh�{gqsknknqºt5{9}s«D�ih�{n�RkVmpjlznmx·sh��R}s�pyioSwr{VhR�xhR���znmp}�wÆ{uz~knyl��z~{������g�l§���egfih��ih�«Îqsyi�xzO��}��p�xhR��z~mp}swÆ}s«Q���g��{¹mx{gmpwim�z~mpqs�pmxøRhR�S¨Omxznf
��� 6 . 5 . 2�5 +-/"]�+"�"^ªqs�©f����g�v�R}swYz~qsmpwl{gq½�©f�qswiwlhR��w�qsoShs�5yiwim�zº�l{V�ºqs�xmpwi��}�k|��q�z~q��R}s�pyioSwI�R}so½�impwlmpwi�hÅ�ljlknhR{V{nmx}�w>�Q��}��pyioSw²mxwi�ihÅ�Ì}�k,mxwi�imx�RhR{��Qqswl�¶q»��hR�p�AqskVk~qºtÌ}s«OqskV��yioShRw�z~{�z~}»j�qs{n{zn}¯ji�p}�z<�¬znfimp{,mp{,yi{ny�q��p�xtIàVyi{uz�z~fihv�R}��x}�k,}�«¹znfihI�xmpwihº§��!egflh<���g�5{½yi{VhR�¶z~}�ji�x}szznfih�}�y5z~jiylzn{|}s«�hRqs�©fÆ{nyl�i{Vt�{VznhRo�q�knh��lhR{n��knmx�-h��Æq�z�znfih��(}szVz~}�o¾}s«>znfih¢{Vyi�i{Vt�{uz~hRo�ih�{n��knmpj5z~mp}swi{g��mx·shRw��-h��p}�¨��egfih�or}���³0�p}sz0«¬ylwi��znmp}�wrknhRÀYyimxknh�{Az±¨9}�qskV��yioShRw�z~{_0¼z~fih¹��q�z~q�qskVk~qºtSqswi�vq,ji�x}sz�ih�{n��knmpj5z~mp}sw>�¼egfih� Vji�p}�zQ�ih�{n�RkVmpjlznmp}�wl¦¢mp{0q��RhR�x�iqskVk~qºt,}s«({Vz~kVyi��z0qsknknq�t�{��Qegfihg{nfiqsj-h}s«¼z~fih,�RhR�x�3qsknknq�t<¨Omx�p���ih�z~hRkVormxwih,znfih�jl�¸qs��hRoShRw�z�}�«0ji�p}�z~{��Îmé�¥hs���-qI®)�i®r��hR�p�3qskVk~qºt¨Omx�p�(knhR{Vyi�xzOmxw�q½ji�p}sz�¨Omxz~fÆznfih[�¸qºt�}sylzO��mx·shRw<��tÆ{nyl�iji�p}�z)�é®��	®5� Ö §V§��0egfih���}�w�z~hRw�zn{}s«0znfih��Rh��p�@qsknknqºt!�ih�z~h�knoSmpwih�¨Ofiq�z[mp{�ji�p}szVz~h��¯mpw¯hRqs�©f ji�p}�zº�¢´�wÌhÅ�lqsorjl�ph�yl{~qs��h}s«@oS}5��³0�x}szgmp{
���`*)+-,�a$�"+ 5 UH, 4�5POcb ^ � 4�6 ]V[d^ ��,	+ eD[d^ ��.�/�/P[f^���e�/�.�g�h O L�iD8�j Olk R)Y¨Ofih�knhIznfihvz~flmpkn�Úqskn��ylorh�wYz½mp{,znfihI}�j5z~mp}sw�qs�ªz~mpoShvmxw�z~hRku·�qs�é�¯egflhvz~mxorhrmpw�z~h�kV·�qs��Rqsw»�(h�q�{nmpwl���ph¢wYyio��-h�kR��mpw�znhRknjlknh�znhR�!qs{|z~fih�{Vz~qskVzgznmpoShs�5}�k¹q�jiqsmpkg}s«3·�qs�pylhR{|«¬}�kznfih�{Vz©q�kVz¹qswi��{Vzn}�j<z~mpoShR{��
TAUNm npoqI IrB¼]�B
´�«¬h�¨ «¬yiwi��znmp}�wl{vqskVh<jikn}�·�mp�ih��É«¬}�k��x}�qs�imxwi�Ì³9�5� ��q�z~qÌ«¬kV}�o¿oS}5�ih��ph�kR�äegfihR{Vh«¬yiwl��z~mx}�wi{�qskVhÌ VoS}5����}�q���³A�l�¢¦i�g uor}��	�5ji�xmp��hº³A�l�¢¦i�-qswi�  V�x}�qs�i´¢�	s¢¦i�Cegfih��pqs{Vz}s«-z~fih�{nh�yi{nh�{9z~flh¹��kV{Vz9z±¨�}�z~}��p}�qs��z~flh¹«¬}�ylk9j�q�kVz9³A�l�¢{9�shRwih�k~q�znhR�I��tv�5mpor���u�,�qs{g«¬}��x�p}�¨O{
���ut 6�4 5 Sv��+ 4 ,�����wxU"W�8�8X� �	+-y�.�^�� 6 . 5 . 2�5 +-/J8 6 �&Q)� 5�4 ��� ��]P8����]P8 6 ��z�
�� a�� 6 WZY�[ÐÑm�z~f<wi}�}�ylznjiylz�qskn�syiorh�w�zO�p}�qs�l´[�	s&ji�p}szn{|z~fih��x}�qs�ih����iq�z©ql�´Ý«¬h�¨ ovq�zn�¸qs�r«¬yiwi��znmp}�wl{�q�knh�jikn}�·�mp�lhR�<z~}�{Vznyi�ltÆz~flh�wl}�mp{Vh[�Ryiku·�hs�
���ut 6�4 5 Sv��+ 4 ,�����wxU�8�8�8�Y{[ 1 ��+ 4 ,|a	� 6 UH})� 5�~ +�� 5 /�. 5 ��/�( 4 /�Q$^ 5 +�t)��+ 5 Y
���MLNe O�4 R7S�^ .-()^-����w�UFt 6�4 5 Y�[ 1 * 4�� .`()+���^ . 2 ��/��	.�UH})� 5�~ +�� 5 /�. 5 ��/�( 4 /�Q$^ 5 +�t)��+ 5 Y
���|, 4 / *J[ 1 t��"+ 5 * 4 5 � 4 �r*)+ ,�.��T(�+���^ . 2 ��/���.

�



� �K��� ����H��[NgHQKSJ
egfih�knhªmp{C}�wi�xt�}�wih0jiqsk~qsoSh�znhRk>�lh���wih��½q�zCz~fihª�¢h�z~hR��z~}�k��xh�·shR�éÏ��¢h�znhR��z~}�k���´�w�qs�xt�ø�h��¢wmx{[jikn}�·�mp�ih���«¬}�k[yi{nh�¨Om�z~f or}��ih��phRk «¬knh�À	��egfih�·sq��pyih�}s«9´�wiqs�xt�øRhº�¢w��Îq<�iq�z©q mpw	§mx{,kV}�ylz~h��²�imxknh���z~��t�z~}�z~fihr´¢ù�´������> �¼�D´¹�Ç}�y5z~jiylzR�¼¨Ofimx�©f²mp{�yi{VhR�¶��tÌor}��5�h��phRk «¬knh�À!z~}<�(hR��mxwÌm�z~{�qsw�q��xt�{nmx{R��egfihS�ih�«Îq�yi�xz�³(´¢µÍ���xh�{nh�zn{,´�w�qs��t5ø�h��¢wázn} Ö � Óq�«ÊznhRkª}�wih¹{nh��R}�wl�Æ}s«>kVyiwiwimxwi�i�Qegfimx{�q��p�p}�¨O{0z~mxorh|«¬}skªznfih�j(}�¨�h�k9�xh�·shR�p{Ampw�z~flh��c�3�zn}Sh�ÀYyimp�xmp�iknq�z~h¢�(h�«¬}sknh�qsw�qs��t�{nmp{g�(hR�smpwi{��
� �����d��FV���

egfih<³A�l�Ñ}så-hRkV{�wi}��lt�w�qsoSmp�Rqs�p��tÌqs��àVyi{uz©qs�i�xhIj�qsknqsoSh�z~h�kn{��Ìegflh<���|�ú{nh�zn{½z~fihmxwijiylzOj(}�¨�h�k¹�xh�·shR�é��oS}��iyi�¸q�z~mp}swr«¬knh�ÀYyihRwi��t��-qswi��{nmx�ihR��q�wi�5�±}skn�ih�kR�egfih½�u���Ímx{�knh�{nj(}�wi{Vmp�i�xh�«¬}�k¹jikV}5�iyl�Rmpwl�vmpw�znhRwi{Vmxz±t»qswi�!«¬kVhRÀYyih�wi��t!wi}�mp{Vh�kVhRj5�kVhR{nh�w�z©q�znmx·�hÆ}�«gz~fihrwi}�mp{VhImpwl�Rmp�lhRw�z½}�wáz~fihIkVhR��t5���pmxwi�¯oSmpknkV}�kr��µ�Ë¯§��¼ù�}�mx{nhS¨Omxz~fznfih�q�jijikn}º�5mporq�znh�{Vj-h���znk~qS«¬}sk¹�(}sznf!}s«@z~fih�{nh�wl}�mp{Vh,{V}�yikn��hR{�mp{Ojikn}��iyih��Rh��¯mpw»�¢h��znhR��zn}�kR�¥�u���½�Áù¹}�mp{Vhs�Qegfih¹qsoSji�xmxz~yl�ihR{@}s«-znfihR{Vh�wl}�mp{VhR{¹����kVhRÀ�ù�}�mx{nh�´�oSjrq�wi���±wYznhRw5�ù¹}�mp{VhR´�oSj	§¢�ºq�wá�(hS«¬}syiwi�²mxwÌznfihr�[°|�âyiwi�ih�k,z~flhvù¹}�mp{VhSflhºqs�imxwi�i�v�	kVhRÀYyih�wi��tqswl��mxw�z~hRwl{nmxz±tIwi}�mp{Vh�qsknh[h�w�qs�i�xhR�»q�«Êz~h�k Ó � � {nh��R}�wl�i{R�egfih[«¬knh�ÀYyihRwi��tI«¬hRh��i��qs�©¤Æjiq�z~fI«¬kV}�oÿznfih[�c�3� mp{|qs�p{V}½{nmxo½yi�¸q�z~hR�ÆmxwIz~fih[�u���½��Âzrmp{!��qswl�_o½yi{uzI�(h�§�hRw�q��i�ph��_{nmxo½yi��z©qswih�}�yi{V�xtÚ¨Om�z~fÉznfih!oShR�©fiqswimp�Rqs�g«¬hRh��i��qs�©¤{VhRkV·s}�{R�[egflmp{�fiqsjij(hRwi{[q�z Ó �ÁÔr{nh��R}�wl�i{[mpw�z~}Sz~fih�{nmpo�yi�¸q�znmp}�w<kVyiwä�Î{Vh�z[q�z�z~flh�z~}�j}s«3z~flh,³(´¢µ ���xh�§Å�
�¢h�z~h���zn}�kR�¥�u���{ «¬knhRÀ «¬kVhRÀYyihRwl��t�{nh�kV·�}l�(wl}�mp{Vh�qswi�<z~}sz~qs�

� �����

@�UVT �_Z�]�`� �d
ªqs�©f�}s«	z~flhOqs{u�Â�iyimp��zQ��}�knhg}�j5z~mp��{Qmp{¼�ihR{V�Rknmx�-h���mpw�{n}sorh|�lh�z©q�mp�lmxw½z~fihO���|�9��ÐÑfimx�phznfihR{Vh½qs{c�±�iyimx�xz¹j�qsknqsoSh�z~h�kn{�ovqºt<jikV})·�mx�ih½qsw!qs�R��yik~q�z~h�{Vmpo½yl�¸q�znmp}�w>�iqs{Vt�oSorh�z~knmxhR{qswl�ImpoSj-h�kV«¬h���z~mx}�wi{ªmpwSz~fih�}�jlznmp�R{�qs�p{V}�mxwYznkn}��iyi��h�q��sknhºq�z��ihRqs�(}s«D�R}�oSji�xh��5mxz±ts�Qe@}oSmxznmp��q�znh½z~fimx{,h�åCh���zR�Qz~fihI�g���Í�RqswÚ�(hvorqs�ihSor}sknhS}�k��xhR{n{¯ Vj(hRkV«¬h���zn¦!z~fikV}�yi��fqs�)àVyi{Vz~qs�i�ph�jiqsk~qsoSh�znhRkV{<«¬}syiwi��mpwâz~fihÌ�[°|�9�gªqs�©f }�«,znfihájiqsk~qsoSh�znhRkV{Æmpwâz~fih«¬}��x�p}�¨Ompwl��z©qs�l�ph0orqs¤sh�{DznfihA�R}�kVknhR{Vj-}swi�impwl�O«¬hRq�z~ylknh� Vj-h�kV«¬h���z~¦,�¬mé�¥hs����wi}�qs{ut5oSoSh�z~kut

£



}�kgoSmp{Vovq�z~�©f	§A¨OflhRw!{Vh�zOz~} Ó � Ó qswi�É nqs{c�±�iyimx�xzn¦½¨OfihRw�{nh�z�zn} Ö � Ó �qs{ut�o °g� �-hRqso��Â{nji�xmxzVz~hRk[��°g�i§9znk~qswl{noSmp{n{Vmp}�w��±knh�Ã�hR��z~mx}�w<qs{Vt�oSorh�z~kutznk~qsw �±e¹Ë mpwijiy5zgz~hR{uz�orqs{V{��Î�±e¹Ë¯§|z~knqswi{noSmp{V{nmx}�w<qs{Vt�oSorh�z~kutznk~qsw 0e¹Ë hRwi��z~hR{uz¹ovqs{V{���0e¹Ë¯§|z~knqswi{noSmp{V{nmx}�w<qs{Vt�oSorh�z~kut�x}�{n{ �±e¹Ë �±e¹Ë �p}s{n{Oqs{ut5oSoSh�z~kut�x}�{n{ ªe¹Ë ªe¹Ë �p}�{V{Oqs{Vt�oSorh�z~kut��yikV· µ�Ë µ�Ë «¬kn}�w�z¹{nylkV«Îqs��h�knqs�imxyi{g}s«@�Ryiku·sq�z~yikVh��yikV· °g� °g�Æ«¬kV}�w�z¹{nyiku«Îqs�Rh�k~q��impyi{g}�«¼��yikV·�q�znyiknh��yikV· �±e¹Ë �±e¹Ë «¬kn}swYzO{VyikV«Îq��Rh�k~qs�imxyi{g}s«@�Ryiku·�q�z~yikVh��yikV· 0e¹Ë ªe¹Ë «¬kn}�w�z¹{nylkV«Îqs��h�knqs�imxyi{g}s«@�Ryiku·sq�z~yikVh��}�mp� µ�Ë µ�Ë �R}�mx�>h_¡S��mphRwl��t<oSmp{norq�zn�©f��}�mp� °g� °g�<��}�mp�Ch_¡S�RmxhRwi��t<ormx{norq�z~�©f��}�mp� �±e¹Ë<� �±e¹Ë<���R}�mx�>h_¡S��mphRwl��t<oSmp{norq�zn�©f��}�mp� �±e¹Ë�t �±e¹Ë�t<�R}�mx�>h_¡S��mphRwl��t<oSmp{norq�zn�©f��}�mp� 0e¹Ë<� ªe¹ËÆ�!��}�mp�-h_¡S�RmxhRwi��t<ormx{norq�z~�©f��}�mp� 0e¹Ë�t ªe¹Ë<t»��}�mp�-h_¡S�RmxhRwi��t<ormx{norq�z~�©f
@�U±× o¹b3X¢di`uX¢ý£¢c¤�X¥BªauÞAý W�o§¦
egfihS{nh�wi{nmxwi�!{ut�{Vz~h�o ��}�w�z©qsmxwi{[z±¨�}»�ºq�znhR��}sknmp�Rqs�p��t¯{VhRj�qsknq�z~hSwi}�mx{nh�{n}syikn��hR{¨0�{nfi}szwi}smp{nh¢qswi�ÆhR�xhR��z~kn}swimp�¢wl}�mp{Vhs�0egfih[hÅ�lmx{VznhRwi��h[}s«3{nfi}szOwl}�mp{Vh¢mpwvznfih[jifi}�z~}��ih�znhR��zn}�kn{mx{¹��}�w�z~kV}��p�xhR�Æ¨Omxznf¯�g������ª�xhR�º�[y5zº�Á�l¡¢�¢e ù¢�¢�u�lg��¨Ofimp�©f»mp{g«¬}�yiwl�»mxw�znfih��[°|����l¡��¢e ù��¢�u�lá�Rqsw��-hg{Vh�z0zn} Ó �¬wi}[{nfl}szªwi}�mx{nh�§Å� Ö �Î{VmpoSji�ph9{Vz~q�z~mx}�w�qskut�{Vfi}szªwi}�mx{nhoS}5�lhR�Ê§Å�l}�k¹®<�¬�R}�oSji�ph�z~h[{Vfi}sz¹wi}�mx{nh[oS}5�ih��Ê§Å�egfihAqsoSji�pm�z~yi�lh¼}s«�hR�xhR��z~kn}swimp�Qwl}�mp{Vh0mpw¢z~flmp{>{Vyi�i{Vt�{uz~hRoÝmx{�{nh�z�¨Omxz~f,�g������ª�xhR�º�[y5zº��ù�}�mx{nhR´�orjC�qs�x{n}Æ«¬}�yiwl�ámxwÌznfihS�[°|����´�{�¨Omxznf }sz~fih�k¯ Vù�}�mx{nhR´�orjl¦�jiqsk~qsoSh�znhRkV{R� Ó � Ó kVhR{nyl�xz~{mxw»wi}Swi}�mx{nh,qswi� Ö � Ó knh�{nyi��z~{¹mpw<z~fih! nqs{c�cqs���Ryiknq�z~hÅ�cqs{c�±j(}�{n{Vmp�i�xhR¦Swi}�mx{nh�qsoSji�pm�z~yi�ih��¨Om�z~f<mpw�z~h�knoShR�impq�z~h�·sq��pyih�{¹kVhR{Vyi�xznmpwi��mxw�mxw�z~hRkVorh��im¸q�z~h[wi}�mx{nh[�xh�·�h��p{��

Ô



�¢h�z~h���z~}skR�Á�g������0�ph����¢ylzº���3�i�{ q���� q�w�qs�p}s������{nmx��w�qs�x{{ q�� Ö q�w�qs�p}s��mpw5�Âjif�qs{Vh,µ¹�¶{nmx��w�qs�x{{ q���® q�w�qs�p}s��À�yiqs�5�±jlf�qs{nh,µ¹�8{Vmp��wiqs�p{{ k~��� knqº¨Ý�O´¹� }�ylznjiylz¹����{Vmp��wiqs�p{{ k~� Ö knqº¨Ý�O´¹� }�ylznjiylzOmpw��±jif�q�{nh�µ��¶{Vmp��w�q��p{{ k~��® knqº¨Ý�O´¹� }�ylznjiylzOÀYy�qs�5�Âjif�qs{Vh�µ¹�¶{nmx��w�qs�x{{ q���� �lmp��m�z©qs�C���Ñ{Vmp��w�q��p{{ q�� Ö �lmp��m�z©qs�-mpw5�Âjif�qs{Vh�µ��¶{nmx��w�qs�x{{ q���® �lmp��m�z©qs�-À�yiqs�5�±jlf�qs{nh,µ¹�8{Vmp��wiqs�p{
© � P¨ªSP�H�«¬�FV���

E|UVT ®¯o§¦
egfih�knhÆmx{�wi}¯wl}�mp{VhImpw²znfihI�imx��mxz~qs�0{Vt�{uz~hRo��ª{n}¯znfihI}�wi��táqs��àVyi{uz©qs�i�xhIj�qsknqsoSh�z~h�kn{qskVháznfih²�x}5}�j���qsmxwi{R�[¨Ofimx�©fÝqskVhá«¬}�yiwl�úmpw�z~fih¶³(´¢µ ���ph_���O´¢µ�Ë �g�[ù,�¥��qsmxw>���´�µ�Ë �g�[ù,�¥��qsmxw>�Yh�zn�s�Á§��ª¡�}�¨9h�·shRkR�5z~fih¹{Vz~qs�imp�xmxz±t�}s«>z~flh���}�w�z~kn}s�(�x}5}sji{ªmp{Ak~q�znfihRk«¬knqs��mp�xhÆqswi�ä�©f�qswl��mpwi�Ì��qsmxwi{R�AhR{Vj-h��Rmpqs�p��tÚmpw¶znfih¯��´�µ�Ë qswi�É³ªµg�ÿ�p}�}�ji{��9orqºt�ikVhºqs¤v}�kgjiknh�·�h�wYz��c�3� �p}��©¤	�egfih�knh�qskVh,z±¨9}�{Vh�zn{¢}s«A�¼mx�i�i�ph�{R�-}�wih½}�w»z~fih½h�knkV}�k¢{nmx��w�qs�D{Vmp�ih<�¬jiknhÅ�Â����z~h�knmpwl�i��O´¢µ�Ë ªµ�µ��3��´¢µ�Ë ªµ¹µ���h�z~�s�Á§8qswi�Ì}�wih�}�w z~fih���}�w�z~kn}s�0{nmp�sw�qs�¼{Vmp�ih»�¬j-}�{uzV�����z~h�knmpwl�i�i�O´¢µ�Ë �g�[ù,�(��´�µ�Ë �g�[ù,��h�z~���Ä§�}s«3z~fih��R}swYznkn}��>�i�xz~h�kn{��

�¢h�z~hR��z~}�k��Á�¢mx��mxz~qs�p�u�l���Á�3�i�{ hRkVk hRknkV}�kg{nmx��w�qs�x{��Îj(}�{uzV�Â�i�i�i�phº§{ �R}sw �R}�w�z~kV}��ª�¬j-}�{uzV�é���i�i�xh�§{ �i}s« qs��zny�qs�����[�¶hRkVkn}�kV{{ oShR�©f �i}�« �����Úh�knkV}�kn{Omp�swi}�knmxwi�½mxwijiylz¹�(hºqso «¬knhRÀYyih�wi��t�}så-{nh�z
E|U±× ¤vo§¦
egfih��imx��mxz~qs�C´¢�i��{ut�{Vz~h�o mp{gwi}szOmxorjl�phRoShRw�znhR�ÆmpwÆznfimp{|·shRkn{Vmp}�w�}s«0�5mpor���u�,�½�

°



± �u���

mgUVT þ b� (Ù¥BªX[`� �d
´�knhRjlknhR{VhRw�z©q�z~mx·sh�z~flhRknorqs�Dwi}�mx{nh,{nj(hR��znknyio mp{¹mpwl�R�pyl�ihR�¯mxw»znfih�oShR�©f�q�wimp�Rqs�D{nmpo��yi�pq�z~mx}�w>�Ýegfih�znfihRkVovqs��wi}�mx{nh�qsoSji�xmxz~yl�ih!�RqswÑ�-h¯{Vh�z�mpwÉz~fih �[°|� �¬egfihRkVovq����ù¹}�mp{VhR´�oSj	§|z~}v·�qs�xyihR{��-h�z±¨�h�hRw Ó � Ó qswi� Ö � Ó ���Âz~{�mp{�{nhRÀYyih�wi�Rh��Ìzn}vz~ylknw¯}�w»¨Omxz~fznfih��R}�w�z~kV}����p}�}�ji{|q�z Ó �ÁÔ�{VhR�R}swi�i{��Î{nh�h�³(´¢µ �i�ph�§Å�egfikVhRhv{Vh�zn{�}s«goS}��imx��h��²�@mp�i�i�xhR{�qskVhrjlknhR{VhRw�z�mxwÌznfimp{��-}º�'0� c«¬{n¦¯q�z,znfihr{Vyi{u�j(hRwi{Vmp}�w j(}�mpw�zR�O uå0¦<q�z�z~fih��Rh�w�z~hRkc�±}s«¸�Âovq�{n{¢«¬}�kV�Rh�mpwljiylzº�>qswi�  u«¬ji¦<q�z[znfih�}�jlznmp�j(}�{nm�z~mx}�w!}�y5z~jiylzR�,egflh��imxå-hRkVhRwi��h��-h�z±¨�h�hRw z~fih�{nh�orh��©f�qswimx�ºqs�¼�¼mp�l�i�ph�{¢qswi��wl}�ku�orqs�@�¼mp�i�l�ph��-}º�5hR{[mx{�z~fiq�z¢z~flh�t»f�qº·�h�qsw�hÅ�5znk~qIj�q�k~qsoSh�znhRkR�| V�imxo»�¥¦vz~fiq�z[{nh��ph���z~{znfih½�imxorh�wi{nmx}�w»zn}Æ�-h��i�i�i�ph��¯¨Omxznf>���5h�znz~mxwi��{�«¬}skÆ V�imxor¦vqsknh Ó �uÔr��}�knkVhR{Vj-}�wl�impwi�zn}��-�its��øs�iz~flh�z©q�²½�iz~flh�z©q&���iz~flh�z©q��¼�

�¢h�z~hR��z~}�k��Ä�g�����Á�5yi{Vj-h�wi{n}�mxwi{R�Á�5yi{_³O}�jlz~mx� ´,�ÄË»h��©f
³O}�jlz~mx� ´¹Ò µ�Ëá�	°|�-���±e¹Ë<�-�	�±e¹Ë�t��(0e¹Ë<�-�(ªe¹Ë<t{ oShR�©f ³O}�jlznmp� ´ {VyiororqskutI}�jlznmp�¢j(}�{Vmxz~mx}�wÌ�Îø��iz~fih�z©q-²��iz~fih�z©q���§{ oShR�©f�³3}�{ ³O}�jlz~mx� ´ }�j5z~mp�[j(}�{Vmxz~mx}�w �¸�C�its��ø�§{ oShR�©fi´�wi� ³O}�jlz~mx� ´ }�j5z~mp��q�wi���ph�{��¬znfih�z~q-²½�iznfih�z~q����iznfih�z~q���§�Êz~fih[«¬}��x�p}�¨Ompwi��qsknh�mxw<znfih�}�jlznmp�sÈ¥{g�R}�}�kV�impw�q�z~hR{~§{ {nyl{~³@}s{ ³¹}sjlz~mx� ´ {Vyi{nj(hRw�z~mx}�w�j-}�mxw�zOj-}�{Vmxznmp}�wÌ�¸�C�its��ø�§{ {nyl{n´�wl� ³O}�j5z~mp�-´ {Vyi{nj(hRw�z~mx}�w»qswi���xhR{��¬znfih�z~q-²½�iznfih�z~q����iznfih�z~q���§{ ��qs{Vhº³3}�{ ³O}�jlz~mx� ´ ��kV}�yiwi�<j(}�{nm�z~mx}�wÌ�Ê�-�it���øº§{ ��qs{VhR´�wi� ³O}�jlz~mx� ´ ��kV}�yiwi��qswl���ph�{��¬z~flh�z©q�²½�iz~flh�z©q&���iz~flh�z©q���§

mgU±× Iú`cý9`±]�Bªaµo�\¢diZ,b@X¢dl`uÞ9X�¦²Þ�X�]���Þ�auacb{�
ù¹}�mp{Vh|mpw½znfihO�p}��ºqs��{nh�wi{n}�kV{¢�¬{nf�q��i}�¨�qswl�S}sjlz~mx�ºqs�5�ph�·shRk~§¼mp{0��h�wihRknq�z~h��Smxw½z~fih¹�3���-�egfihIqsorjl�pmxznyi�ih�}s«|znfihR{VhÆwi}�mx{nhv{V}�yikV�RhR{½qsknhr{nh�z�¨Omxz~f²�±wijiylz©�5f�qs�i}�¨���ù�}�mx{nh�´�oSjqswl�²�±wijiy5zÅ�¢jlz©��h�·-��ù�}smp{nh�´�oSj>�Q�(}sz~fÌk~q�wi��mpwl��«¬kV}�o Ó � Ó zn} Ö � Ó �Iegfihr�p}��ºqs�0{VhRw5�{V}�kn{3qs�x{n}Of�qº·�hA¨OfimxznhRwimxwi�g���xznhRkn{9�¬�±wijiylz©�5f�qs�i}�¨�� Ð�¡��±eO �[ù8qswi���±wijiy5zÅ�¢jlz©��h�·-�Ð�¡¹�±eO �[ùÉmxw,znfihg�[°|�0§Dqswi�,¨OfimxznhRwimxwi����q�mpwi{|�Î�±wijiy5zÅ�5f�q��i}�¨��¥ÐÑfim�z~hº��qsmxw½qswl��±wijlylzÅ�¢jlz~�Dh�·(�AÐÑfim�z~hº��qsmxwÆmpwIznfih����|�0§��egfihÌqs��z~y�q�znmp}�wâ�©fiqsmpwi{���¨Ofimx�©f�jiqskVznmp�Rmxj�q�znh¯or}sknh¯�imxknh���z~��t�mxw�z~fih �ih�z~hR��z~}�kwi}smp{nh��©fiqsk~qs��z~h�knmp{uz~mx�R{R�Dq�knh�qs�x{n}Æ�R}swYz~qsmpwlhR� mpw�z~flh��@���-�>ù�}�mx{nh�mpw¯znfihSqs��zny�q�znmp}�w�©f�q�mpwvmx{|qs���Rh�{n{nh��Æz~fikV}�yi��fI�[y5z~jiylz©��}�mp���Áù¹}�mp{VhR´�orjSmpwSz~fih[�[°����Yegfih��ih�¨OfimxznhRw5�mxwi�I���xznhRkV{�qsknh�{Vh�z�z~}Æz~ylknwÌ}�wÌq�«Êz~h�k Ó �ÄÔ�Õ<{VhR��}�wi�i{v�Î{VhRhr�¢ylz~jiy5zÅ��}�mx�é� z ÐÑfim�z~hº�[w

�



mxw znfih��[°|�0§¢q�wi�Ìznfih��R}�mx���Â�iknm�·�hRkV{¢�ºq�wÌ�(h�z~}��s���ph����-h�z±¨�h�hRw¶µOyiwáqswi� ´���À�ylmpknhoS}5�lhR{|¨Omxznf»�[y5z~jiylz©��}�mp����´¹�¶s§·¹�cµ� �[ù ��qs�x{n}�mpwIznfih��[°|�0§��
�¢h�z~hR��z~}�k��Ä�g�����Á�5yi{Vj-h�wi{n}�mxwi{R�Á�5yi{_³O}�jlz~mx� ´,�ÄË»h��©f

³O}�jlz~mx� ´¹Ò µ�Ëá�	°|�-���±e¹Ë<�-�	�±e¹Ë�t��(0e¹Ë<�-�(ªe¹Ë<t{ q��5hRwl{ ³O}�jlz~mx� ´ qswiqs�p}����x}5�Rqs�C{VhRwi{V}�k¹{nmp�sw�qs�p{{ �	�5hRwl{ ³O}�jlz~mx� ´ �imx��mxz~qs�C�x}5�Rqs�C{VhRwi{V}�k¹{nmp�sw�qs�p{{ q��[� ³O}�j5z~mp�-´ qswiqs�p}���}sjlz~mx�ºqs�>�xh�·shRkO{nmx��w�qs�x{{ �	�[� ³O}�j5z~mp�-´ �imx��mxz~qs�C}sjlz~mx�ºqs�-�ph�·shRkO{nmx��w�qs�x{{ hRknk ³O}�jlz~mx� ´ �x}5�Rqs�>��qsoSjimxwi� î �u�i�ÑhRkVkn}�kO{nmx��w�qs�x{{ �R}�w ³O}�j5z~mp�-´ �x}5�Rqs�>��qsoSjimxwi� î �u�i�Ñ�R}�w�znkn}���{Vmp��w�q��p{{ �	��}�mp� ³O}�jlznmp� ´ �imx��mxz~qs�C��}�mp�C{nmp�sw�qs�p{{ k©��}�mx� ³O}�j5z~mp�-´ knq�¨úqsw�qs�x}����O´¹��}�ylznjiylz¹{nmx��w�qs�x{{ q���}�mp� ³O}�jlznmp�-´ qswiqs�p}�����}�mp�C{nmp�sw�qs�p{
¸ ¹ G»º�PRJªKSG�¼ �[GIH
½ UVT o¹b3`ud�Gÿ`� 3¾ÝÞ�`cdlb
�[hRwih�k~q�znmp}�wÌ}s«g{VhRmx{noSmp��wi}�mx{nh�z©qs¤�hR{½ji�pqs�RhSmpw z~flknhRhr{VznhRji{_0���hRwih�k~q�znmp}�wá}s«|¨Ofim�z~hwi}smp{nh�¨Om�z~f jikn}sj-h�k���}�fih�knhRwl�Rhv�(h�z±¨9hRh�wÚ�p}��ºq�z~mp}swi{R�>����z~h�knmpwl�Iz~}�jikn}��iyi��hr��kV}�yiwi�oS}sz~mx}�w�{nj(hR��z~k~q5������z~h�knmpwl��znfikn}�yl��frznfih�q�jijikn}sjiknmpq�z~h¹{Vz~qs�©¤�or}��ihR�3�¬mpwi���pyi�lmpwi��}�kVm��h�wYz~q�z~mx}�w	§�«¬}�kQhºq��©fS�x}5�Rq�z~mx}�w>�@�5h�mp{noSmp�9wi}�mx{nhs�s�pmp¤�h9znfihRkVovqs�5wi}�mx{nhs�s�ºqsw��(hOqs��àVyi{uz~h��mxwIz~fih��[°|�Ñ���5hRmx{noSmp�ºù¹}�mp{VhR´�orj	§Aqswi�<mp{g{VhRÀYyih�wi�Rh��¯mpwIznfih�³-´¢µ����ph¢zn}½z~yikVw»}�wq�z Ó �ÄÔ½{nh��R}�wl�i{R�

Õ




