
Fermilab FERMILAB-PUB-07-357-E���������
	���
����������������������������  !�������"	�
����
���$#%���"&'&(���)�����+*,��-.
��������

/10�2436587:96;�<=;?> @BAC2D0�2�E�F�5G<H;�I=J83K> @BLCMN0�2�O�<=58PD3Q;?>8RSAC/10�24TU9Q5GO�<HVW>8RYX1/10�2�Z�JGP,9Q7:9K> [\[1]^08_`0�245GE�VB9ba1>8RSc1d?0�24P,<=V\JG9N> L\A
e 0�2�P,JGO�<=Jf> A\[12,0�2�;�3QgB7B36g\gB9bh�> [B@ji�0�24;�J8Z6<=<Hh�>GRYc`2D0�2�;�;�9bh�Jf>GRYklMm0�2�;�7B96gb>GRYL`]^0'2496Z�Jf> [\[�_`0'24nU9Q5G58JG;�36V\Jo>8RSc`/10'2�V\JGg\3bap3N> [\c

2D0U2�V\7:J8Z69bh�>8RS[`qr0U24gBs�P,3Q;�gBZW3QgW>8RSc12D0�2t7:7:3Q5o> A12,0�24F�V\JGg\36;�9N> [\Aluv0�2�w=xy3QVW> L\@1z{0�2�w=wHJG|~}�36IHI�s�<=7B7:3K> L\Alz{0'24w=w=F�VBV\Jo> L\�
� 0�}�3QI=I�s�<H7:7:3N> L\A`qr0'}�3QO��6<H7:7�>8RYc`2D0�}�36V\E�3QVB9Q|�_�3Q5G7BJG<HVBJf> @\k��D0 ��0�}�36V\;�<HgW> LB�j}l0 2D0'}�3QVB;�<H7:7W> @\[`d?0�}�36V\96J836;�7W> cj�D0'}�3QVB7BgBI�s.> AbR

_`0�}�36F�<HVW> ABA z{0 |~�D0�}�<=36F�I�s�<=P,J8;?> A\L uv0�}�<=O�<HgBI�s�Jf> LB� d.0�}�<Hs�36V\Jo> @\[ _`0�}�<H5G58<=7B7:J8;�Jo> L\� Mm0'}�<=5858JG;��Q<=Vb> [\k 2,0�}�<H5G5896;�Jf> ABA
e 0�}�<=;W�:3QPDJ8;?>8RS�C2D0�}�<HVB<H7:hW36gb>8RSc`Mm0'}�<=V\J8;��6<HVW> @Bk`/10�}�<=V\VB��> ABX`2,0�}�s�3Q7:7:Jf> [BXl]�0'}�JG;�Z�58<=��>8RSc e 0�}�JGg\<=585G9N> L\Al�=0�}�J8wf�:3QZ�> AbR
� 0 ��0�}�5G3QJGVb> @��t0'}�5G9�I�ZQ<=Vb> �`}l0'}�58F�P,<=;�xy<H5GO.> @\[12,0�}�9�I=IHJo>8RS�12D0�}�9�O�<HZ�> L\kl�D0�}�96J8gBhQ<=V\7�> LBk�_`0�}�96585G3N> L\�l2D0�}�9658gBs�9bh�> ABA
e 0�}�9QVB7B9658<=7:7B9K> LB�1MN0�}�96F�O�V\<=3QF?> LBcl2,0U}�9bhQ<=J83K>8RSX`}l0�}�VB3QF?>GRYX1��0�}�V\JG�Q5GJ836O�96V\Jo> [��t0�}�V\96PCEU<HVB�N> A\�`��0�}�VBF�E�36Z6<HVW>8RYA

MN0�}�F�O�36�69bh�>8RS[`�,0 d.0'}�F�O�O?> L\k1d?0�}�F�O�O?> @BLli�0�}�F�VBZQ<=7B7�>8RSc�_`0�}�F�gB<H7:7B9K> LBAlz{0'}�F�gBg\<=��> @WR�2,0'}�F�wH367:F.> A\Lli�0'��0'}���VBF�P�> @
d.0��.36E�VB<HVB3��b>GRY�1]^0.�.36P,n�3Q;�<=5858Jo> @BX1]^0?�.3QP,n�EU<H5G5f> AB[Cut0.�.36;�<=585GJf>GRYcl2,0?�.3Q;�<=n�3N> L\[ld?0.�.36V\V\JG585G9���>8RS� e 0.�.36V\5Gg\P,JG7Bs?> [\k

� 0��.3QVB9QgBJf> LB�jd?0?�.36V\VB9Q;?> A\L`}l0��.36g\365f>8RBR�]^0?�.36g\36V\gB3N> [\Lj2D0?�.36g\7:V\9K> [`z{0��.367B36g\7:J8;�Jf> L\� e 0.�.36F�w�> [BLl]�0��.3bhW36585GJ8|~d�xy96V\w=3N> A
2D0��.<=V\VBJf> @\k`��0m�.<HVBV\J87:9��C> AbR�d?0 �D0?�.s�36;��N> @\�j�D08�t0��.s�<H;?>GRt]^0��.s�<HVB7B96Z�> c)_`0��.s�JG3QVB<H5G58Jo> L\��_`0?�.s�5836I�s�J8O�w=<�>GRYcjuv0��.s�58<=E�3Q;�3K>8RSc
�=0��.s�9K> @B�`i�0��.s�9K> @B� e 0��.s�96Z�s�<=58Jf>GRY[`MN0 z{0��.s�9QF?> @B@�_`0?�.s�96F�O�365836Z�J8gW> ABAjd?0 �D0?�.s�F�36;��N> [\@`i�0��.s�F�;��N>GRY@lqr0 �D0?�.s�F�;��K> [Bk
�,0 d.0��.s�F�;��N> L\k ]^0��.J858J �:3QZm> L\� �t0 �=0?�.JG9QE�36;�F?> @BL ]�0 2,0��.JG9�IHI=Jf> L\� 2D0?�.5G3QVBZ�> @BXje 0��.5836V\Z�> � ]^0��.9�IH3K> RS� _`0?�.96P,nK96g\7:<=58583K> LBA

]�0 �j0?�.9Q;�hQ<=V\��> [\X1Mm0?�.9Q;�ap3b��> cl}l0.�.9�9QnU<HVW> AWRvi�0?�.9Qn�J8I�> AB[D]^0��.96V\O�<=5858Jo>8RSk�_`0��.96V\7:J836;�3N> L\A1uv0��.VB<HgBIHJG9Q5GJf> LB�
�t0��.F�<H;�I=3�2�58PD<H;�36V���> c1Mm0��.F�<Hh�3Qg��f>8R\R � 0?�.F�5GEK<=V\7:g\96;.>GRYclMm0G�t0?�.F�5G58��> A\[1d.0 e 3 � 9Q;�I=9N> L\A`]^0 e 3Q7:7:3N>GRYcld?0 e,� 2�F�VBJ83K> @WR

/10 e 3bh�J8<=gb> @bR e 0 e 3Q�6<H;�s�36V\7�>8RYc�z{0'O�<`}�36V\E�36V\9K> LBk�d?0 e <��.<HI=I=9N> [bRp2D0 e <HJGg\s�<=Vb> @Bk�_`0 e <`��<H;�7:O�<HI�Z6<=V���> L\k�_`0 e <l��9QVB<H;�w=9N> A
]^0 e <=585 �G� V\gB9N> L\�luv0 e <H5G58J?z�3Q9658Jo> L\A`��0 e <HPD9QVB7BJG<HVW> [\XlMN0 e <H;��K>8RY�C]^0 e <H;�J8;�;�9K> [ e 0 e <Cz�<=O�J8gb> [bR�z{0 ut0 e <HVBa�<=;�7W>GRYc
_`0 z{0 e J�_�J89bhW36;�;�Jf> LBL��t0 e JG9Q;�J8gBJf> [bRt}l0 e J � F�wHw=3K> [\L1Mm0 � 0 e JG7B7:P,36;�;.> LD]^0 e��8� ;�96xyV\JG9N> A��t0 e� 96V\VW> @\�ld?0 e 9Q;�367BJo> LB�

z{0 e 9Q;��K> �lMm0 e 96;�J8;�Jf> L\Al/10 e 96V\J8�69K> L\A�d.0 e F�EU<�> [\@1Mm0��pxyVB9Q;?> A\k � 0��{V\E�36I�s�<HVW> c e 0��{V\VB<HO�<�> @\L�d.0'�{V\V\<=O�<�> @\L � 0'�pF�gB<HE�Jf>GRYc
�D08�t0�uU36;��N> @\kjd?0�u�3QVBV\J8;��67B96;?> ABX��=0�uU<=O�9QVBZQ9K> LB��qr0 /10'u�<=O�96V\Z69K>8RYA � 0G_`0�uU<=J85GO.> �\X`]^0�uU<=J8;�O�7�> @\�`MN0 z{0�u�<HVB;�3Q;�O�<Hw�> AB@ � 0�u�J8<=58O?>8RS�
_`0�u�5836;�3Q�636;.> L\� � 0�u�9QVBV\<=g\7�> cjd?0�uU96V\VB<HgB7B<=Vb> c�]^0�uUVB3Q;�Z�5GJ8;?> @B@`Mm0G�t0'u�V\<=<=P,3Q;?> @\k`�=0�uUF�VBJ8I�>8RYA`]^0�_�365858JG;�3QVB9N> [\XjMN0m_�3Q5G�Q36V\O�7�>8RY@
MN0 ��0�_�36V\I=J83K> LB� uv0�_�36V\EU<HVBg\96;.> RYX 2D0 ut0�_�36V\¡�;�Z6<H5o> L\� �t0�_�3b�m> �\X �D0�_�<HVBEK<=V\JGI�s.> @\Lje 0�_�<HVBO�<=gb> A\[ d?0�_�J836�QF?> [bR z{0�_�J836;�;�<H7:7BJo> LB�

i�0?_�JGE�gB9Q;?> L\c1Mm0 ��0._�JGP,P,<=585o> L\k��t0?_�JG;�g\E�F�V\�K>8RYc � 0._�J896ZW36V\JGg�¢�>GRY[1]�0?_�J896V\O�36;�Jo> [BLCz{0�_�J8VB9QP,JG;�Jf>8RSkC]^0?_�J8F�;�7:3N> L\�
_`0�_�J8F�VB�QJGF.> @\[`�D0._�5G3Q�69Q5G<Hhm>8RY[ e 0._�5G<H;�w=J8;�g\Z�Jf>8RScl]�0�_�9658O?> ABc � 0�_�9Q5GO�gBI�s�P,J8O�7�>8RY�lMN0?_�9658O�g\7:<=J8;U£�> L\@12,0�_�9Q5G9QgBg\36;�9bh�>8RSc

_`0�_�96P,<=w�>GR\R`_`0�_�9QPD<Hw=|��.<=E�3Q5G5896gb> ABAj]^0�_�9Q;�I�s�3QVB9bh�> [BA � 0�_�96;�wm¤3658<=w�> A\@j�=0�_�96V\<=589bh�> A\cj2D0 /10�_�96g\s�3ba1>8RS�ji�0�_�9QF�58JG3Q;�96gb> [\X
2D0._�V\<=g\<=58<�> LBAld.0?_�V\JG;�gB7B<=J8;?> @\@��t0?_�VB9QgBg\96|~z{J858I�s�<=Vb>GRYA � 08�t0?_�V\96F�n.>GRYcl¥D0._�V\F�;�O�58<=Vb> @\L1Mm0�_�F�JGP,36V\36<Hg�O�3¦�.96g\7:3K> @\@

§ 0K_�F�;�3b��|~¥�;�3Q5G3Q;?> A\�C�t06��3QEU<HVW> @Bk4i�0b�436s�;?> A\A4d?0 � 06��3Qs�;?>8RSc���0���3658Z�JG3QO�36Z�J8gW> [\@v2D06��3QPDJ8587:96;.> @\X4}l0 |¨�,0��436;?> L\k�Mm0 �,0��436;?> LBk
� 0��436;�O�5G<HVW> [BkCuv0'��3Qn�n�3QI�s�<=Vb>GRYkli�0���36V\3K> [\[ e 0���3QVB<�> [\@l]^0���3QVB<�> [\�ld?0���3QVBnK<=Vb> LB@ � 0 uv0���36V\Vb> [\� � 0 ]^0���36V\V\JGgb>GRYc

]^0���36V\7:w�> L\c`i�0��4367:3QZ6<H�636P,3N> [\XjMN0��436F�g\<=Vb> ���t0���3b��gb> L\@`]^0'�4<=I�Z�> @B�`2,0'��<HJ �:EK9�<=Vb> L\[l}l0��4<=J8;�<=P,36;�;?> @\k1Mm0��4<=J8;�VBJ8I�s?> LB[
�t0���<H;�O�<HVBg\96;?> A\A�]�0���<HVB;�O�96;?> [Bk`Mm0���<HF�g\<=Vb> @\� e 0'��J8O�36gb>GRY���t0 d?0���J8585©£�>GRYX e 0'��J8V\gBI�s�E�F�<Hs�5f> @\�j2D0��49�I�ZQ<=Vb>GRYcj2D0��496585G9ba�3b��> @\@
d?0���9QF?> R ]^0'�496F�58O�<=;.> A\X d?0 |��t0��4gBF.> k }l0 /10���F�TUP,36;.> L\@l� 0 ��0��4F��6s�<=gb> A\k ¥D0��4F�g\<=P,36;�;.> �\X Mm0���F�g\7:9Q;?> A\� Mm0��f;�IH36;�O�<H5G3N> RYX
_`0'�f;�7:V\96wHw=Jf> L\�j]^0'�f9QVBJf> [WR�2,0��fhW36;�9bh�> c`}`0'�f��F�7:J8;?> A\Al�j0�MQ3QP,<=gb>GRYc e 0'MQ3Q;��K> [B@`}l0�M�3b�63Q7:J85G3QZW3K>8RS� e 0�MQ<H36;�gb> [WR��j0 Mm0�MQ<H96;?> @\�
d?0�M�JG;�O�36V\JG3Q;�Jo>8RY�`qr0�M�96s�;�gB9Q;?> c1]^0�M�96;�<=gb> L\�`i�0 i�0�MQ9�9N> @\�ld?0 �D0�MQF�;?>GRY@1Mm0 ��0'M�F�;��N> @\�l/10 � 0�MQF�;�Zm> @\Ll/10�i`3QP,96;?> [BA

z{0 ��0�i`3QVBI�s�J8;?> [B�j�,0�i`367B9K> LWR��,0�i`<=P,n?> @B� � 0�i`<=n�s�36V\7�>8RSc`¥,0�i`<=V\w=<H5o> @B�j�,0'i`s�9Q7:J85G9bh�J8I�s?> [\A�}`0'i`JG58P,JG;�g\7:<HVW> A\k e 0 �D0�i`JGPª> @B�
�D0 d?0�i`J8Pª> @\�jMN0 ��0Qi`J8Pª> @\�j]^0 Mm0�i`J8P�>8RYc�d.0 }l0�i`J8P�> @\�`d?0 �,0�i`JGPª> [B[j�,0 i�0�i`J8Pª>GRYA � 0�i`J8P1F�V\3K> [\[4��0�i`JGV\gBI�s.> ��d?0�i`58JGP,<=;�Z69K>8RY�
]�0�i`5GF�7:<�> A\Al}l0�i`;�F�7:<HgB9Q;?> A\Aj}l0 � 0�i`9K>8RS�ji�0�i`9Q;�O�9N> [\c e 0 Mm0�i`96;��N> @\�`Mm0�i`96;�J8�6g\EK<=V\�K>8RS��2D0�i`96V\��7B9bh�>GRY�42,0 �,0'i`9Q7fap3Q5o>8RS�
2,0G�t0�i`VB3Q36;?> L\[`MN0�i`VB3QF�gb> @\L`]^0�i`VB<Hn�gW> @\�`MN0�i`VB9Q5G5f> L\[ � 0�i`V\F�P,;�36I�Z�> L`]^0�i`VBF�g\<�>8RY�l�D0�i`VBF�7B<=58�69bh�>8RSX`/10�i`F�EK9K> [B[

d?0��j0�i`F�s�58P,36;�;?> @`/10�i`F�s�VW> @B� � 0 z{0'i`F�5GZW3QVB;�Jf> [B�`�,0�i`F�g\36ZW36EK<�> [Bc`d.0�i`ap3Q;��K>8RYA�2,0 /10���3Q36g\36;�<H;?> L\�jd?0��?36Jf> A\L`d?0��?36P,Jo> L\�
d?0'�?36P,P,<=5f>GRYc`]^0��?36;�IH36g\7:<=Vb> AWR � 0 ��0��?36;�O�<=Vb> c`i�0��?36;�;�9Q;?> ABk`2,0'��3Q7:s?> [\@�_`0���3Q7:J8;�9K> LB�`�=0'��36wHw=J8w=wH<=V\3K> LBAj/10��?<��.96P,n�7B<�> @
Mm0'�?<=<�> L\k Mm0'��<H<�> @B� �D0 MN0���<=<�> @\� d?0 qr0'�?<=<W«6> [BAl� 0��?<=xf¬<Hh�V\<�> @\X�� 0��?<=9Q;�36V\O�9K> A\A d.0'��<H96;�<�> L\� d?0���<Hh���> RSA MN0 e 0���<HatJGgb> RYc

�t06��J8;?> �\X��t0 d?06��J8;?>8RSc�]^06��J8;�O��QVB<H;?>GRYc��j0��?JGnK<=58<=gb> k�/10 ]^0��?JGg\gb> @\L�2,06�?JGg\7:<HVW> c e 0 � 0��?JG7Bh�J8;�7:g\<=h�>8RSc4/10��?JGF?>8RYc � 0 d?0Q�?9�I�Z��Q<=Vb> L\[
2,0'��9Q�6J8;�9bh�> �\Xj]^0'�?96V\<=7BJo> LBA � 0 |~d?0'�?F?>8R e 0���F�IHI�s�<=g\Jf> L\A`z{0���Fb�:36;?> @Bk1z{0���F�ZQ<=;�gb>8RSc�_`0���F�;��6F?>8RS�`��0'�?�696;�gW> LB@`Mm0��?��gb> @Bk
� 0�����g\36Z�>GRYL`��0'����7:ZQ<=;?> LB�1z{0�]ª36I�Z�> @B� e 0']­36I�®�F�<=<=;.> A\L � 0�]ª36O�V\36Z�>8RScji�0�]ª36<HgBs�J8P,3K>8RSc`i�0']ª36Z�s�9QF�5o> A\Al/10�]ª3QZ�Jf> @BA
z{0�]ª36Z�g\JGP,9bh�J8I�> @B[ld.0�]ª3Q5GO�<�> LB@Cd?0�]­3658JGZ�> AWRl_`0�]ª3Q;�I=3N> A\Xl2D0U]ª3Q;�96F�gB3QZ�J8g�¢Q>8RS[Cuv0�]ª3QVB�Q36V\9658Jo> [ � 0�]ª36V\�6J8;�<=3Q;?>8RSc
�t0']­36V\JG;�9N> @\���t0 z{0�]ª3QVBJ8;�9K> @\Ll2D0�]ª36V\7:J8;?> �BXl]�0']ª3QVB7BJG;?> @\[l�D0�]ª36V\7:J8;U¯�> @bRt]�0']ª3QVB7=¤° ;�<=w�> A � 0�]ª36V\7±¤° ;�<Hw=|~}�3Q5G5836VH¤° ;?> AB@

/10�]ª36V\F��Q36P,3K> [B[jz{0�]ª3QgB7BVB3Q;�O�V\<=3N> [bRp/10�]ª36g\F�E�F�I�s�Jo> [\[`�D0�]ª3Q7:g\F�;�3Q�63K> [\[�]�0 �j0�]ª367B7:g\96;?> [\� � 0�]ª3Qw=J8;�Jo> A\L`z{0�]ª36wHw=3Q;�7BJo> [
i�0 d?0']­I=u�3QVB5836;�O?> L\k`z{0']­I=�f;�7f��VB<�> [\A � 0']­I � F�5G7f��²N> A\Xl2,0']ª<Hs�7B3K> ABX1z{0�]ª<=s�7B36583K> @BAld.0']ª<H;�w=<HPD<HV�³U>GR\R�2,0�]ª<H;�w=J896;�<�> LB�
z{0�]ª<=V\Z6<H5o> L\���t0']ª<HgBV\96n�JG3Q;?> [\Xl2,0�]ª<HgBg\J8;�3K> AB�1/10']ªJ8369N>GRYc � 0�]ªJ85G3QO�J8;�9bh�JGI�> �lMm0']­JG58<=gb> A\A � 0�]ªJ8585G<HVW> AB���t0�]ªJ8585Ggb>GRYX
]^0�]ªJG58;�J8Z�> @\� 2,0�]ªJ87:V\3K> R _`0�]ªJG7BgB<H5GP,3QZ�s�<=Vb> RY� 2D0�]ªJ8�636P,9Q7:9K> @\c d?0�]­9�<HO?> @BX � 0�]­96�6�QJo> [ }l0']ª9Qs�Vb> � �t0 d?0�]ª9�96;?> @B�



´

� 0�]ª9�9QVB<�>GRYc4]�0�]ª96V\<=585G9N> L\��z{0�]ª9bh�JG585G3Cu�<HVB;�3Q;�O�<Hw�> @BkjMm0�]  F�58PD<H;�g\7  36O�7�> @Bkj2D0']ªF�Z�s�<=VY�:<=<�>GRYcj/ts?0�]ªF�5858<=Vb> @\� � 0�]ªF�P,xy96V\O?> @B[
z{0�]ªF�VB3Q7�>8RSc`]^0']ªF�g\gBJ8;�Jf> [`Mm0 � 3QI�s�7:P,36;?>8RYc�2,0 � 36�63Q;�9K> [\[�Mm0 � 3Q�63Q;�96P,3K> [\c�i�0 � 36ZW3QP1F�V\3K> [B[��=0 � 36ZW36;�9N> L\X`2D0 � 36n�JG<HVW> [B�
�,0 � <=I=F�5G3N> RY� �t0 � <=F.> L\[ ]^0 d?0 � <=F�E�36F�<HVW> k Mm0 � JG<H5Gg\<=;Uµm> @\k ��0 � 9�O�F�58P,36;?> @�� 0 � 96V\;�J8<=585G3N> A ��0 � F�V\gB<�> AbR d?0 �D0 � s?> RY�
�,0 e 0 � s?> @B�C�=0 � Z�g\F�w=J836;.>GRY�l/10 � Z�F�gB3ba�3K> LbR � 0 � 58O�<HPD3Q;?> ABX � 0 � VB3bhW3K> @\Ali�0 � g\7:<HVBEK<=V\�K> @\A��t0�z�3Q�658JG3QVB9Q;�<�> L\�
��0�z�3658<=;�IHJG3N>GR\R��D0�z�36n�3QO�J8PDJ87:V\J896F?>8RSc12D0�z�36n�3QJGZQ96;�9QPD9QF?> @B�j2D0 2D0Uz�3QVB3QPD9Q;�9bh�>GRYAj}l0�z�3QVBZ�gb> A\k`d?0�z�36g\s�36nK96F�Vb> ABL

MN0�z�3Q7:V\JGI�Z�>8RSc)_`0�z�36F�58<=7B7:3K> [\L`]^0'z�3QF�5GJ8;�Jf>GRY@��t0�z�3QF�gW> A\A e 0 ��0�z�<H5G58<=7B7�> cl2D0�z�<=;�wH9K> [BLj/10 MN0'z{s�J85G58J8n�gW>8RY��_`0'zpJG3QI=<=;�7BJG;�9N> L\�
MN0�z{J8<=O�V\3K> L\Ll��0�z{J8;�<=V\3K>8RS�1i�0�zpJG7B7:gb> @\L��t0�z{5836�6<HVW> �l��0'z�96;�O�VB9QPª> [\kl¶D0�z�96V\7:<H5G5f> A � 0�z�9QF�Z�s�9bh�>GRY[ � 0�z�96F�;�O�<=Vb> L\@
uv0�zpVB3QZ69QgBs���;?>8RS[`2,0�zpVB9Q;�Z69N>GRYc`MN0�z{V\96F�O�xy9�967�> @luv0Uz{7B96s�9Qg�·W>8RSk�_`0�zpF�;�wHJo> LB�CMN0�z{F�VBg\5G<H��> @\[lMm0 � 3QO�<=P,3QI�Z6<=V�£±> LB@
2D0 � 3Qs�36P,36;.> L\c1�,0 � 3QP,36Z�VBJ8g\s�;�36;.> [\k � 0 � 3Q;W�:36;?> L\�1�=0 � <=O�9Q;�O�9K> A\@1}l0 � <=J8gB<HVB7W>GRYcl�D0 � <HZ69bh�JGI�> A\clz{0 � <=;�7B96;?> LB@
]�0 � <HgBIHJG�Q;�9K> [WRtd?0 � JGI�s�7:<HVW> @\�luv0 � J8P,96;�O�Jf> [1��0 � J8gB7B96V\Jo> L\�l2D0 � 96E�gB9Q;?> @bR�/10 � 9�O�VBJ8�69N>GR\R��j0 � 9Q�6<=V\gb> @\L`d?0 � 96585GJf> [\�
� 0 � 9QgB<HVW>8RSc`]�0 � 9QgBg\Jf> [\L � 0 � 96g\gBJ8;?>8RSXlz{0 � 9b��> A\L`2D0 � F�J8w�>8R\RtMm0 � F�g\gW>8RY@l�D0 � F�g\F?>8RSAl�,0�d�3636V\J8Z�ZQ9K> @BAj2,0'd�3Qxy96;�9bh�> [BA
qr0 i�0'd�3QZ�F�PD9Q7:9N> L\k _`0'd�365836P,36;�;�3K> [WRl� 0�d�36587'¤9N> A ��0'd�36;�7:Jf> [\L d.0'd�3QVBZW36Vb> [WR ��0'd�3QVB7B96V\Jo> L\� i�0'd�3Q7:9K> RYc z{0'd�3bhW3QVBO?> A\L

2D0'd�3bh69b��| � 3bhW36V\VB9N> L\Lv/10�d�I�s�<=J8O�58<�> @B�1z{0�d�I�s�5836E�3QI�s?>8RScj��0 ��0'd�I�s�P,JGO�7�>8RScl]�0 z{0�d�I�s�P,JGO�7W> �\X1]�0�d�I�s�P,J87:7�> A\�1/10�d�I�s�a�36V\w�> c
��0�d�IH9�O�<=585G3QVB9N>GR\R�2D0 ��0�d�I=9Q7:7W>GRYX12,0�d�IHVBJ8E�3Q;�9K> LB�1ut0�d�I=F�VBJf> L\�12,0�d�<=O�9bh�> LB�ld.0'd�<HJGO�<H5o> A\c1�D0�d�<HJG�Q3K> LWR�2,0�d�<=P,<=;�9bh�>8RS[

��0'd�<H¸�7:96;�|¨i`<H;�;�<=O��m>8RYc`2D0'd�xy��V\583K> @BX`d?0 § 0�d�s�3658s�96F�7�> [B�l]�0 e 0'd�s�36n�J8VB9N> @\k`/10�d�s�<=36V\gb> A\X`z{0 uv0�d�s�<=n�36V\O?> L\c e 0'd�s�<HVBP,3Q;?> @\@
]^0�d�s�JGP,9b�:J8P,3�¹'> [B[j]^0�d�s�9�I�s�<=7W>GRYA4�,0�d�s�9Q;?> [\kj�=0Qd�s�V\<=��EU<HVW> @\X42,0�d�JGO�967:Jf> LB�jz{0Qd�J8;�<=V\h69N> A\L�2,0�d�JGg\36Z��Q36;?>8RS[42D0 MN0�d�5G3QF��6s�7:<HVW>8RYc
Mm0�d�5836F�;�ats�J87:<�> A\kli�0�d�5GJ8ap3N> [\�`Mm0 � 0�d�P,JG7Bs?> cluv0 e 0�d�;�JGO�<=Vb>GRYc � 0'd�;�JGs�F�Vb> ABLl]�0�d�9�O�<=V\EK<=V\�K> AB[`2,0'd�9Qs�3K> c`d?0'd�96P,3658ap3QVW> [\@
�D0�d�96V\JG;.> A\�`MN0'd�n�3658O�J8;��K>8RYcluv0�d�n�J8;�<=58583K> LB�l/10�d�n�V\<=J87:wH<=Vb> A\L`z{0�d�º�F�J85G5836IHJG9Q7:Jf> L\�l]^0'd�7:3Q;�JG7Bw=Z�Jf> �\Xl2D0�d�7:3bhQ<=V\JGg\|~z�9658��ZW3Q5G3QgW> LB�

� 0�d�7W0 e <=;�J8gW> @bR{}l0�d�7B<=58w=<HVW> � � 0�d�7:<H5GwH<=V\|��.s�J8587:96;.> L\@ e 0�d�7B<=;�7:w�> A\�`Mm06d�7:V\965896�63QgW> A\c e 0�d�7:F�36V\7�>8RSXjMm0 d?0�d�F�s?> @B�`2,0�d�F�Z�s�36;�9bhm>8RY�
�,0'd�F�;?> [\�1�=0�d�F�g\5G9bh�>8RS[1/10�d�F�wHF�Z�Jo> [B[C2D0�/?3QTU3QVBOU»�> @BL � 0'/.36ZW36g\s�J8PD3N> L\Xl�,0'/.36Z6<HF�I�s�Jf> [\[ � 0�/?3Q;�36ZW3K> L\X`]^0'/.<=IHI�s�JG9N> A\[

z{0 i�0�/.<=;��N> R i�0�/.<=V\36g\s�Jf> [\X MN0'/ts�96P)¼�> RYc 2,0 d?0'/ts�96P,n�g\96;?> @bR ��0�/ts�9QP,gB9Q;?> L\[ z{0�/tJ8n�7:9Q;?> �BX �,0�/tJ8ap3QVBJf> RY@ d?0�/tZW3QI=w=��Z�> RSc
e 0'/.96E�3QI�Zm> [\A`d?0'/.96ZW36Vb>8RSLli�0'/?9Q5G58<=xyg\96;?> A\�l/10'/.96PCF�VB3N> [\[ e 0�/.96;�<H5G58Jf> L\�ld?0�/?9QVBV\<�>8RSk e 0�/?9QVBV\<=7B7:3K>8RYc`d?0'/.96F�V\;�<HF�VW> L\L

qr0�/?V\JGg\I�s�F�Z�> A\Ljd?0�/tg\F�;�9N> L\X`�D0�/?F?> L\[ � 0�/.F�V\JG;�Jo> LB�1ut0'¥�Z6<H�63ba�3K> [B[jd?0'¥�96wHF�P,Jo> [\[ld?0���3Q5G58<=IH96V\gB3N> @\X � 0�hW36; � <HP,96V\7:<=5f> @BA
2,0���36V\�63Q;�9bh�> A\[��j0���367B36�63N> A\cjuv0���36wHº�F�<=w��B>GRY��_`0���<H5G<Hhm>8RYc��t0���<=585GJ8O�J8g�¢'> L\��_`0���<=V\36P,<=;�O�Jo> @\L`�D0���<HgBwHn�VB<HP,Jo> LB�`]�0���J8O�365f> AB@
� 0���J8O�3Q5o>8RSc1�=0���J85G3N>GR\R � 0��4JG5836Vb>8RBR�/10��4JG;�<�> AWR�]�0���96�Q<=5f> A\c`�=0���965858VB3Q7:s?> ABL`�=0'��965896EK96F�<Hh « > @\k�_`0���9Q5Gn�Jf> LB�luv0�q  F�VB7Bs�a�<=J8;?> k
z{0�q¦36�Q;�<=Vb> [\A � 08_`0�q½3Q�6;�<HVW> @ � 0 ��0�q¦36�Q;�<=Vb>GRYcjMN0�q¦36�Q;�<=Vb> @B�`qr0�q¦36�Q;�<=Vb> @B� � 0�q¦365858;���> �jd?0 ]�0'q¦36;��N>GRp2D0'q½3QVBE�F�VB7B96;?> ABL

e 0Uq½3Q7:<HVBgb> AbRt]�0�q¦<=J8;�EU<HVB�Q<=Vb> [\A1qr08�t0�q¦<=g\7:<HV4�B�:�=>8RScD}l0Uq¾s�JG7B<=s�9QF�g\<�> [B� e 0Uq¾s�J87:<HgB9Q;U»Q> L\[C2,0 }l0�q¾JGI�Z�58F�;�O?> @
��0�q¾JGI�Z�58F�;�O?>8RSc�_`0Uq¾JG585GJ836P,gb> A\L1�,0 �,0�q¾J8585GJ836P,gb> L\[Cz{0�q¾JG58g\96;?>8RScC}l0 ��0�q¾J8;�<=Vb> ABkCz{0�q¾J87:7BJGI�s ¼ >8RScDd?0�q½9Q5GEK<=V\gb>GRYc

�t0'q¦9658xy<�>8RSAC/10'q¦VBJ8�6s�7�> A\[`¶D0�q½F?> @\Xld?0 ]^0�q¾��;�;�<�> ABXl2,0'��3Q�6J85o> kli�0���3QPD3QP,967:9N> LbR�Mm0���36P,3Q96ZW3K> [B@`/10���36P,36g\s�J87:3N> L\X
�t0���36;��N> �\X ¥D0 i�0���36;���¿W> RYA �,0G�t0���3Q;��K> @\� qr0 ]�0���369N> @\k _`0 z{0'��<=s?> RSc MN0���9Qs?> RSc i�0'��96V\JG7B3K> RSA /10'��9QgBs�JGO�3N> LbR _`0 }`0'��F?> L\k
�=0���F?> @\�1d.0 d?0���F?>8RScCMN08�t0'��F�;.>GRYc1��0 § 3Q;�<=585G9N> [bR�2,0 § 3Q;�<=7B7:Jf> [\Ll�=0 § 3ba1> @\@l¶D0 § s�3Q;��K> @BL1MN0 § s�96F.> [\@l36;�O�d.0 § F�I=I�s�<H5G58JG[

À � e uÁ�.9Q5G5836EK96V\367BJG9Q;?Â
ÃoÄfÅ�Æ�ÇyÈ©ÇyÉ�ÇyÊ)ËBÌ`Í�ÎWÏ=Æ:È8Ð�Æ:ÑtÒ?Ð�ÓWÔWÊ�Õ�È8Ó�Ö�È©ÅQÈ©Ð�ÓWÑl×QÓ�È Ø6Ê�È©Ñl×QÓ�È©Ù�ÓWÅ½Ú�ÚWÛWÜWÝWÑvÞ�Ê~Ø�É�ß�àáÈ©Ð,ËBÌ)âKÎWÈ©ÅQÓ

ã:Ò�ä~å�ËWÅQÅ�Ê�æ{ÓWÇyÈ©ËWÅQÓWà�ç�Ó�ß:Ë�ä~ÓWÇyËWä:Ï=ÑDÒ�ä~å�Ë�Å�Å�Ê�ÑlÄfà©àáÈ8Å�ËWÈ©Æ1èWéWê�ëWÝ
ì ÄfÅ�Æ�ÇyÈ©ÇyÉ�Ç�ÔWÊ`ímÈ©Æ�È©Ð�ÓDÔ�î Ò�àáÇyÊ�Ævï?ÅQÊ�ä~å�È©Ê�Æ�Ñ�ðmÅ�È©ñ�Ê�ä:Æ�È©ÇyÓWÇ�Ò�É�ÇyËWÅ�ËWÕ4Ó,ÔWÊ`ò�Ó�ä~Ð�Ê�àáËWÅ�Ó�Ñ�ï?óYéWôWÚWÝ�ëWÑ�ò�Ê�à©àáÓWÇyÊ�ä:ä~Ó�õyò.ÓWä~Ð�Ê�àáËWÅQÓBöHÑ{Ö±Ø6ÓWÈ©Å

÷ ò�ÓWÏ=àáËWä!ðmÅ�È©ñ�Ê�ä:Æ�È©ÇyÏ=Ñªø)Ó�Ð:Ë�Ñ�×QÊ�ù�ÓWÆ¦úBè�ú:ÝWô
û ÄfÆ�ÇyÈ©ÇyÉ�ÇyË�æ{ÓWü�È©ËWÅQÓWàáÊ,ÔWÈpímÈ©Æ�È©Ð�Ó�æ{É�Ð�àáÊ�ÓWä~Ê�Ñ1ðmÅ�È©ñ�Ê�ä:Æ�È©ÇyÏ�ËBÌjò.ËWàáË�å�Å�ÓWÑtÄfóYêWéWÚ�Ü�ú1ò�Ë�àáË�å�Å�ÓWÑtÄfÇyÓWàáÏ

ý ò�ä¨ÓWÅ�ÔWÊ�È8Æ¦ðmÅ�È8ñ�Ê�äBÆ�È©ÇyÏ=Ñ�ø)ÓWàáÇyÎ�ÓWÕ�Ñ`þ,Ó�Æ:Æ�ÓWÐ�Î�É6Æ�Ê�ÇyÇyÆ�éWÜWÜWÛWê
ÿ ðmÅ�È©ñ�Ê�ä:Æ�È©ÇyÏªËBÌ�âKÓWàáÈ Ì�ËWä:Å�È8ÓWÑ��pÓWñ�È©Æ�Ñ���Ó�ñ�È©Æ�Ñ�âKÓWàáÈ Ì�ËWä:Å�È8Ó­Ý�ÛWèWÚWè

� ðmÅ�È8ñ�Ê�äBÆ�È©ÇyÏ�Ë:Ì�âKÓWàáÈ Ì�ËWä:Å�È8ÓWÑtç�ËWÆCÒ�Å�å�Ê�àáÊ�Æ�Ñ4ç�ËWÆDÒ�ÅQå�Ê�àáÊ�Æ:ÑDâKÓWàáÈ ÌfËWäBÅQÈ©Ó�ÝWé�éWÜWê
��ðmÅ�È©ñ�Ê�ä:Æ�È©ÇyÏ�ËBÌ�âKÓWàáÈ ÌfËWäBÅQÈ©ÓWÑ�Ö�ÓWÅ��pÈ©Ê�å�ËWÑ�ç�Ó��bË�à©àáÓWÑDâKÓWàáÈ Ì�ËWä:Å�È8Ó�ÝWÜWéWÝWë

Ã	��ðmÅ�È8ñ�Ê�äBÆ�È©ÇyÏ�ËBÌ�âKÓWàáÈ ÌfËWäBÅQÈ©ÓWÑ�ÖQÓWÅ�ÇyÓ�ò.ÓWäBß�ÓWä¨ÓWÑ�Ö�ÓWÅQÇyÓ�ò�ÓWä:ß:Ó�ä~ÓWÑ,âKÓWàáÈ Ì�ËWä:Å�È8Ó�ÝWëWÚ�éWè
ÃfÃfÄfÅ�Æ�ÇyÈ©ÇyÉ�ÇyË�Ô�Ê,ímÈ©Æ�È©Ð�Ó)ÔWÊªâKÓWÅQÇyÓWß�äBÈ8ÓWÑ`âKÖQÄ=âKó�ðmÅ�È©ñ�Ê�ä:Æ�È©ÇyÏ)ËBÌ�âKÓWÅ�ÇyÓWß�ä:È©ÓWÑpëWÝWéWé�Û�Ö�Ó�Å�ÇyÓWÅQÔWÊ�äBÑtÖ±Ø6ÓWÈ©Å

Ã¨ãbâKÓWä:Å�Ê�å�È©Ê�þ,Ê�à©àáËWÅ ð�ÅQÈ©ñ�Ê�ä:Æ:È8ÇyÏHÑlÍ�È©ÇyÇyÆ�ß�É6ä¨å�ÎWÑ1Í�Ò ÚWÛ�ÜWÚWë
Ã~ì ï�Å�ä:È©Ð�Ë�í�Ê�ä:Õ�ÈtÄfÅQÆ:ÇyÈ8ÇyÉ6ÇyÊ�ÑDðmÅ�È©ñ�Ê�ä:Æ�È©ÇyÏ�ËBÌ�âKÎ�È©Ð�ÓWå�ËWÑDâKÎWÈ©Ð�ÓWå�ËWÑ�Äfà©àáÈ©ÅQËWÈ©Æ`èWéWè�ë�ú

Ãy÷QâKËWÕ4Ê�Å�È©É�Æ1ðmÅ�È©ñ�Ê�ä:Æ�È©ÇyÏHÑ�ô�êWÜ,êWô,ò.ä~ÓWÇyÈ©Æ�àáÓWñ�Ó�Ñ�Ö�àáËWñ�Ó�
�È8Ó���ÄfÅ�Æ�ÇyÈ©ÇyÉ�ÇyÊlËBÌtï�ù~Ø6Ê�ä:È©Õ�Ê�ÅQÇyÓWà�Í?ÎWÏ=Æ�È©Ð�Æ�Ñ�éWêWé,é�Ú�
�ËWÆ�È©Ð�Ê�Ñ�ÖQàáËWñ�Ó�
�È©Ó
Ã~û��bË�È©Å�Ç�ÄfÅ�Æ�ÇyÈ©ÇyÉ�ÇyÊ1ÌfËWäDæ{É�Ð�àáÊ:Ó�ä�Þ?Ê�Æ�Ê�ÓWä~Ð�Î�ÑjÞvðmó¨ÚWê�ÚWÝWôWé���É�ß�Å�Ó�Ñ�Þ�É�Æ�Æ�È©Ó

Ãoý �pÉ�
�Ê
ðmÅ�È8ñ�Ê�äBÆ�È©ÇyÏ=Ñ���É�äBÎ�ÓWÕ�Ñlæ{ËWäBÇyÎ¾âKÓWä~ËWàáÈ8Å�Ó¦Ü'úWúBéWô
Ãfÿ í�Ê�ä:Õ�Èvæ{ÓWÇyÈ©ËWÅQÓWàpÒ?Ð�Ð:Ê�àáÊ�ä¨ÓWÇyËWä)ç�ÓWß�ËWä¨ÓWÇyËWä:ÏHÑlò�Ó�ÇyÓWñ�È©ÓWÑ4Äfà©àáÈ©Å�Ë�È©ÆlèWéWÛWÚWé

Ã��Wð�ÅQÈ©ñ�Ê�äBÆ�È©ÇyÏ­ËBÌDímàáËWä:È©ÔWÓWÑ��?ÓWÈ8Å�Ê�Æ�ñ�È©à©àáÊ�Ñ`ímàáËWä:È©ÔWÓ½ëWÜWèWÚ�Ú
Ã�� ç�ÓWß�ËWä~Ó�ÇyËWäBÈpæpÓ�ü:È8ËWÅ�ÓWàáÈ�ÔWÈ�í�ä¨ÓWÆ�Ð�ÓWÇyÈ©Ñ�ÄfÆ�ÇyÈ©ÇyÉ�ÇyË�æpÓ�ü:È8ËWÅ�ÓWàáÊCÔWÈ�ímÈ©Æ�È©Ð�Ó)æpÉ�Ð�àáÊ�ÓWä~Ê�ÑpÄfó¨é�éWéWêWê�í�ä~Ó�Æ:Ð�ÓWÇyÈ8Ñ�ÄfÇyÓWàáÏ

ã�� ðmÅ�È©ñ�Ê�ä:Æ�È©ÇyÏªËBÌ��?Ê�Å�Ê�ñ�ÓWÑ�â��{óYÚWÜWÚWÚ��?Ê�Å�Ê�ñ�Ó(ê�ÑjÖ�Ù�È©Çyü�Ê�ä:àáÓWÅ�Ô
ãBÃ��?àáÓWÆ�å�ËWÙ ðmÅ�È©ñ�Ê�ä:Æ�È©ÇyÏ=Ñ��?àáÓWÆ�å�ËWÙ��?Ú�Ü¦ô�����ÑDðmÅ�È8ÇyÊ:Ô�
�È©ÅQå�ÔWËWÕ
ãfã��{ÓWäBñ�Ó�ä~Ô ðmÅ�È©ñ�Ê�ä:Æ�È©ÇyÏ=Ñ�âKÓWÕ�ß�ä:È©ÔWå�Ê�Ñlþ,ÓWÆ�Æ�ÓWÐ�ÎWÉ�Æ�Ê�ÇyÇyÆ�éWÜWÚWëWô

ã�ì ��È©ñ�È©Æ�È©Ë�Å!ËBÌ��{È©å�Îªï�Å�Ê�ä~å�ÏªÍ�ÎWÏ=Æ:È8Ð�Æ:Ñ �pÊ~Ø6ÓWä:ÇyÕ�Ê�Å�Ç�ËBÌCÍ?ÎWÏ=Æ�È©Ð�Æ�Ñ
ðmÅ�È©ñ�Ê�ä:Æ�È©ÇyÏ)ËBÌ��{Ê�àáÆ�È©Å!
�ÈpÓWÅ�Ô��{Ê�àáÆ:È8Å!
�È�ÄfÅQÆ�ÇyÈ©ÇyÉ�ÇyÊ,ËBÌ�Í?ÎWÏ=Æ�È©Ð�Æ�ÑtímÄfæpóYéWéWé�ÚWêWÑ��{Ê�àáÆ�È©Å!
�È©ÑpímÈ©Å�àáÓ�Å�Ô

ã¨÷ ðmÅ�È8ñ�Ê�äBÆ�È©ÇyÏ½ËBÌ�Äfà©àáÈ8Å�ËWÈ©Æ�Ñ)ðmä:ß:Ó�Å�ÓWÑCÄfà©àáÈ©Å�Ë�È©Æ,èWÚWô�éWÚ



"

ã�ûW×KÎ�Ê��bËWÎ�Å�Æ#�{ËBØ�
�È©ÅQÆªð�ÅQÈ©ñ�Ê�ä:Æ:È8ÇyÏHÑjò.ÓWàáÇyÈ©Õ�Ë�ä~Ê�Ñjþ,Ó�äBÏ=àáÓWÅ�Ô­ÜWÚWÜ�ÚWô
ã:ý ÄfÅQÆ�ÇyÈ©ÇyÉ�Ç?Ì%$É�äjï�ù~Ø6Ê�äBÈ©Õ4Ê�Å�ÇyÊ�à©àáÊ&
�Ê�äBÅ±Ø�ÎWÏ=Æ�È'
�ÑlðmÅ�È©ñ�Ê�ä:Æ�È©Ç($ÓWÇ�
�Ó�äBàáÆ�ä:É6Î�Ê�ÑlúBèWÚWÜ�ô�
�Ó�äBàáÆ�ä:É6Î�Ê�Ñ��?Ê�ä:Õ�ÓWÅQÏ
ãBÿ �{È©å�Î�ï?ÅQÊ�ä~å�Ï�Ò.Ð�Ð�Ê�àáÊ�ä~ÓWÇyËWäCÞ?Ê�Æ�Ê�ÓWä¨Ð�Î*)?ä~å�Ó�Å�È©ü�ÓWÇyÈ©Ë�Å¾õ'
�ï+
?öHÑj×KÆ�É,
�É�ß:Ó�ÑtÄfß:Ó�ä~Ó�
�ÈpëWéWÛWÑ��bÓ:Ø6ÓWÅ

ã-��âKÊ�Å�ÇyÊ�ä4ÌfËWä��{È©å�Î�ï?ÅQÊ�ä~å�Ï�Í�ÎWÏ=Æ:È8Ð�Æ�.�
�Ï=É�Å�å~Ø6Ë�Ë�
�æpÓWÇyÈ8ËWÅ�ÓWà�ðmÅ�È©ñ�Ê�ä:Æ�È©ÇyÏHÑ
×6ÓWÊ�å�É úBéWÜWó\úBéWÚ�Ñ�
�ËWä¨Ê:Ó(�1ÖQÊ�ËWÉ�àpæ{ÓWÇyÈ©ËWÅQÓWà�ð�ÅQÈ©ñ�Ê�äBÆ�È©ÇyÏ=ÑjÖQÊ:Ë�É6à{ÚWÛWÚ�ó�úBê�ÜWÑ

�ËWä¨Ê�Ó��DÖQÉ6ÅQå/
�Ï=É6Å0
�Ù�ÓWÅ ð�ÅQÈ©ñ�Ê�äBÆ�È©ÇyÏ=Ñ`Ö�É�Ù�ËWÅ êWêWé�ó�úBê�èWÑ�
�ËWä~Ê�Ó

ã-�:ï�ä:Å�Ê�Æ�Ç1)?ä:àáÓWÅ�ÔWË�ç�ÓWÙ�ä~Ê�ÅQÐ�Ê�ò.Ê�ä�
�Ê�àáÊ�Ï)æ{ÓWÇyÈ©ËWÅQÓWà�ç�ÓWß�ËWä¨ÓWÇyËWä:ÏHÑ�ò�Ê�ä�
�Ê�àáÊ�ÏHÑ1âKÓ�àáÈ Ì�ËWä:Å�È©Ó)ÝWê'úBÜWé
ì-�HðmÅ�È©ñ�Ê�ä:Æ�È©ÇyÏªËBÌ1çKÈ8ñ�Ê�äSØ6Ë�ËWàáÑ�çKÈ©ñ�Ê�äyØ6Ë�ËWà�çUèWÝ^ú�2�ï?ÑCðmÅ�È©ÇyÊ�Ô�
�È©Å�å�Ô�ËWÕ

ì:Ã ð�ÅQÈ©ñ�Ê�äBÆ�È©ÇyÏ!âKËWà©àáÊ�å�Ê�ç�ËWÅ�ÔWË�Å�Ñ�ç�ËWÅ�ÔWË�Å ø½âKÚWï èWòv×KÑ1ðmÅ�È©ÇyÊ�Ô3
�È©ÅQå�ÔWËWÕ
ìoãWâKÊ�ÅQÇyä~Ë�ÔWÊ1ÄfÅ�ñ�Ê�Æ�ÇyÈ©å�ÓWÐ�È©Ë�Å�Ê�Æ`ï�Å�Ê�ä~å�Ê�ÇyÈ8Ð:Ó�Æ`þ,Ê�ÔWÈ©Ë�ÓWÕ4ß�È©Ê�Å�ÇyÓWàáÊ�Æ�Ïª×QÊ�Ð�Å�ËWàáË�å�È8Ð:Ó�Æ:Ñ{ï�ó¨ÜWô�éWêWé�þDÓWÔWä:È©ÔWÑ�Ö=Ø6ÓWÈ8Å

ìfì þ,ÓWÆ�Æ�ÓWÐ�ÎWÉ�Æ�Ê�ÇyÇyÆ�ÄfÅ�Æ�ÇyÈ©ÇyÉ�ÇyÊ�Ë:Ì�×QÊ�Ð�ÎWÅ�Ë�àáË�å�ÏHÑ,âKÓWÕ�ß�ä:È©ÔWå�Ê�Ñvþ,ÓWÆ�Æ�ÓWÐ�ÎWÉ�Æ�Ê�ÇyÇyÆ�éWÜWÚ�ëWÝ
ìY÷�ÄfÅ�Æ�ÇyÈ©ÇyÉ�ÇyÊ�Ë:ÌDÍ�ÓWä:ÇyÈ©Ð�àáÊ�Í�ÎWÏ=Æ�È©Ð�Æ-.!þ,Ð��?È©à©à4ðmÅ�È©ñ�Ê�ä:Æ�È©ÇyÏ=Ñjþ,ËWÅQÇyä54Ê�ÓWàáÑ

âKÓ�Å�ÓWÔWÓ��{ëWÒrÜ�×Kô��4ÓWÅ�Ô
ðmÅ�È©ñ�Ê�ä:Æ�È©ÇyÏ�Ë:Ì�×QËWä¨ËWÅ�ÇyËWÑD×QËWä¨ËWÅ�ÇyË�Ñ�âKÓWÅQÓWÔWÓ�þ,ÛWÖ½ÚWÒ�ú
ìfû�ðmÅ�È8ñ�Ê�äBÆ�È©ÇyÏªËBÌDþ,È©Ð�ÎWÈ8å�ÓWÅ�Ñ`Ò�ÅQÅ
Ò�ä:ß�ËWä:Ñ1þDÈ©Ð�ÎWÈ©å�ÓWÅ êWô�ÚWéWÝ

ì�ý þ,È©Ð�Î�È©å�ÓWÅ!Ö�ÇyÓ�ÇyÊ ð�ÅQÈ©ñ�Ê�ä:Æ:È8ÇyÏHÑ`ï�ÓWÆ�Ç�ç�Ó�Å�Æ�È©Å�å�Ñ�þ,È©Ð�ÎWÈ©å�Ó�Å
ê�ôWôWÜWê
ì:ÿ=ðmÅ�È8ñ�Ê�äBÆ�È©ÇyÏªËBÌCæ{Ê�Ù þ,Ê�ù�È©Ð�ËWÑ�Ò�àáß�É�6�É�Ê�ä76�É6Ê�Ñ`æ{Ê�Ù þDÊ�ù�È©Ð�Ë½ô�ú:ÚWëWÚ

ì8�BæpË�äBÇyÎWÙ�Ê�Æ�ÇyÊ�ä:Å�ð�ÅQÈ©ñ�Ê�ä:Æ:È8ÇyÏHÑ1ï?ñ�Ó�Å�Æ�ÇyËWÅ�Ñ1Äfà©àáÈ©ÅQËWÈ©ÆCèWéWÜWéWô
ì8� ×KÎWÊ*)�ÎWÈ©Ë­Ö�ÇyÓWÇyÊ
ðmÅ�È©ñ�Ê�ä:Æ�È©ÇyÏ=Ñ�âKË�àáÉ6Õ4ß�É�Æ:Ñ�)�ÎWÈ©Ë¦ê�ëWÜWÚWé
÷9�():
�ÓWÏ=ÓWÕ�Ó%ð�ÅQÈ©ñ�Ê�äBÆ�È©ÇyÏ=Ñ;):
�ÓWÏ=ÓWÕ�Ó%úBéWéWóYôWÛWëWé�Ñ&�bÓBØ6ÓWÅ
÷�Ã<)?Æ�Ó�
�Ó âKÈ8ÇyÏ%ðmÅ�È©ñ�Ê�ä:Æ�È©ÇyÏ=Ñ=)?Æ�Ó�
�Ó!Û�ôWôWÑ&�bÓ:Ø6ÓWÅ

÷Bã ð�ÅQÈ©ñ�Ê�äBÆ�È©ÇyÏ�Ë:Ì3)?ù~ÌfËWä~ÔWÑ#)?ù~Ì�ËWä¨Ô�)5>pÚªëWÞ?�{Ñ,ðmÅ�È8ÇyÊ:Ô�
�È©ÅQå�ÔWËWÕ
÷\ì ðmÅ�È©ñ�Ê�ä:Æ�È©ÇyÏ�ËBÌCÍ?Ó�ÔWËWñ�ÓWÑjÄfÆ�ÇyÈ©ÇyÉ�ÇyË½æpÓWü�È©Ë�Å�ÓWàáÊ�ÔWÈvímÈ©Æ�È©Ð�ÓªæpÉ�Ð�àáÊ�ÓWä~Ê�Ñ

Ö�Ê�ü�È©ËWÅQÊ�ÔWÈ�Í�ÓWÔWË�ñ�ÓWó�×6ä~Ê�Å�ÇyË�ÑDÄfóYëWÛWÚWëWÚ!Í�ÓWÔWË�ñ�ÓWÑlÄfÇyÓWàáÏ
÷f÷±çKÍ�æ@�{ï?Ñ4ðmÅ�È©ñ�Ê�ä:Æ�È©ÇyÊDÍ�È©Ê�ä:ä~ÊCÊ�Ç�þ,ÓWä:È©Ê�âKÉ�äBÈ©Ê�A'ÄfæpÜWÍ�ëWó\âKæpÞ�ÖQÑjðmþ,Þ4úBÛWôWÛ�ÑpÍ�ÓWä:È©Æ�Ñpímó\úBÛWÜWÛ�Ü�í�ä¨ÓWÅ�Ð�Ê

÷\û ðmÅ�È8ñ�Ê�äBÆ�È©ÇyÏ�ËBÌCÍ�Ê�Å�ÅQÆ:Ï=àáñ�ÓWÅQÈ©ÓWÑjÍ�ÎWÈ©àáÓWÔ�Ê�à Ø�ÎWÈ©ÓWÑ�Í�Ê�Å�Å�Æ�Ï=àáñ�ÓWÅ�È8Ó½ÚWÝ�ÚWéWê
÷�ý ÄfÆ�ÇyÈ©ÇyÉ�ÇyË­æpÓ�ü:È8ËWÅ�ÓWàáÊ�ÔWÈvímÈ©Æ�È©Ð�Ó�æ{É6Ð�àáÊ�ÓWä¨Ê�Í�È©Æ�ÓWÑDð�ÅQÈ©ñ�Ê�äBÆ�È©ÇyÈ8Ê�Æ,ËBÌ1Í�È©Æ�ÓWÑ

Ö�È©Ê�ÅQÓ½ÓWÅQÔ¦ÖQÐ�É6Ë�àáÓ½æ{ËWä:Õ�ÓWàáÊ�Ö�É�Ø6Ê�äBÈ8ËWä~Ê�ÑlÄfóYÛWèWÚWÜ�ú)Í?È8Æ:Ó�ÑjÄfÇyÓWàáÏ
÷�ÿ=ðmÅ�È©ñ�Ê�ä:Æ�È©ÇyÏªËBÌCÍ?È8ÇyÇyÆ:ß�É�ä¨å�ÎWÑlÍ?È©ÇyÇyÆ�ß�É�ä~å�Î�Ñ1Í�Ê�Å�ÅQÆ�ÏHàáñ�ÓWÅQÈ©Ó¦Ú�ÛWÜWèWé
÷B� Í?É�ä~Ô�É6Ê
ðmÅ�È8ñ�Ê�äBÆ�È©ÇyÏ=Ñ�ø)Ê�Æ�Ç`ç�ÓBÌfÓWÏHÊ�ÇyÇyÊ�Ñ1ÄfÅ�Ô�È©ÓWÅ�Ó­ê�úBÝ�é�ú
÷B��ðmÅ�È©ñ�Ê�ä:Æ�È©ÇyÏ­ËBÌ,Þ�Ë�Ð�ÎWÊ�Æ�ÇyÊ�ä:ÑCÞ�Ë�Ð�ÎWÊ�Æ�ÇyÊ�äBÑ1æ{Ê�ÙDC'Ë�ä�
�Ú�êWèWÜ�ú

û-��×KÎWÊ�Þ?Ë�Ð/
�Ê~ÌfÊ�à©àáÊ�ä­ð�ÅQÈ©ñ�Ê�ä:Æ:È8ÇyÏHÑ`æ{Ê�Ù�C�ËWä�
�Ñ`æpÊ�Ù�C�ËWä�
�ÚWé�éWÜWÚ
û:Ã ÄfÆ�ÇyÈ©ÇyÉ�ÇyË­æpÓ�ü:È8ËWÅ�ÓWàáÊ�ÔWÈ�ímÈ©Æ�È©Ð�Ó­æ{É�Ð�àáÊ�ÓWä~Ê�Ñ`ÖQÊ�ü:È8ËWÅ�Ê�ÔWÈvÞ?ËWÕ4Ó½Ú�Ñ
ðmÅ�È©ñ�Ê�ä:Æ�È©ÇyÏªËBÌCÞ?ËWÕ4ÊFESç�Ó­Ö�Ó:Ø�È©Ê�Å�ü�ÓWÑ8G�ÄfóYéWéWÚWôWÛ½Þ?Ë�Õ�ÓWÑ`ÄfÇyÓWàáÏ
ûoã Þ�É�Çyå�Ê�äBÆ½ðmÅ�È©ñ�Ê�ä:Æ�È©ÇyÏHÑlÍ�È©Æ�Ð�ÓWÇyÓWÙ�ÓWÏ=ÑCæ{Ê�ÙH�bÊ�ä:Æ:Ê�Ï½éWôWôWÛ�Û
ûfìH×QÊ�ù�ÓWÆ�ÒJI�þ ðmÅ�È8ñ�Ê�äBÆ�È©ÇyÏ=Ñ�âKËWà©àáÊ�å�Ê�ÖQÇyÓWÇyÈ©ËWÅQÑ�×QÊ�ù�ÓWÆ½úWúBôWê�ë

ûY÷ ÄfÆ�ÇyÈ©ÇyÉ�ÇyË�æ{ÓWü�È©ËWÅQÓWàáÊ)ÔWÈ�ímÈ©Æ�È©Ð�Ó�æ{É�Ð�àáÊ:Ó�ä~Ê�ÑDð�ÅQÈ©ñ�Ê�äBÆ�È©ÇyÏ�ËBÌ�×Qä:È©Ê�Æ�ÇyÊ�A+ð�Ô�È©Å�Ê�ÑtÄfÇyÓWàáÏ
ûfû�ð�ÅQÈ©ñ�Ê�ä:Æ:È8ÇyÏ½ËBÌ�×KÆ�É,
�É6ß�ÓWÑ�×KÆ�É,
�É�ß:Ó�Ñ1Äfß�ÓWä¨Ó�
�È�ë�éWÛWÑ �bÓBØ6ÓWÅ
û�ý ×QÉ�Ì�ÇyÆ½ð�ÅQÈ©ñ�Ê�äBÆ�È©ÇyÏ=Ñlþ,Ê�ÔBÌ�ËWä¨ÔWÑ1þ,ÓWÆ�Æ�ÓWÐ�ÎWÉ�Æ�Ê�ÇyÇyÆ�éWÜWÚ�ÛWÛ

û:ÿ=ø�ÓWÆ�Ê�ÔWÓ ð�ÅQÈ©ñ�Ê�ä:Æ:È8ÇyÏHÑ�×QË�
�Ï=Ë
Ú�èWÝWÑ&�bÓ:Ø6ÓWÅ
û8��ø�ÓWÏ=Å�Ê�ÖQÇyÓWÇyÊ^ð�ÅQÈ©ñ�Ê�äBÆ�È©ÇyÏ=Ñ���Ê�Çyä¨ËWÈ©ÇyÑlþ,È©Ð�ÎWÈ8å�ÓWÅ^ê�ôWÜWéWÚ
û8� ðmÅ�È©ñ�Ê�ä:Æ�È©ÇyÏ½Ë:Ìªø�È©Æ�Ð�ËWÅ�Æ�È©ÅQÑ`þ,ÓWÔWÈ©Æ�ËWÅQÑ�ø)È8Æ:Ð�ËWÅQÆ�È©Å ÛWë�úBéWè
ý8��C'Ó�àáÊ ð�ÅQÈ©ñ�Ê�ä:Æ:È8ÇyÏHÑ1æpÊ�ÙK�{ÓWñ�Ê�ÅQÑ�âKË�Å�Å�Ê�Ð�ÇyÈ©Ð�É�ÇléWèWÛ�ÜWé

L�MON0P8M9Q8M9R,SUT5V�M,T-Q8W!P8M9V�MBR�S�X(Y!S8Z0M\[^]%X(Q8X<R�V_T-Q8Q`W!Q8abR0c�d-e(efN0]:gihjX(Y�k5T-S�T+l9X<mbmnMBl9S8M9koanRqpsrp?l9X(mbmbabQ8abX(R!Q@T-S
t u\vxw(ybz({f| MB}�]�~�S8Z0Mo�U�:���8��k!M9S8M9lBS8X(PfT�Sf�sW0R��8�`X<Y%S8Z!M?�jM9P8V�abm7T�] | M9�jT-S8P8X(R y L�abS8Z_TOQ�T�V�N!mbM?X(Y {(�<z({��
[��^�0�ol,T-R!k0ank`T�S8M9Q�T�R0k3� w<w d(��[����O�ql�T�R!k0abk5T�S8MBQ��0�OMoV�M,T-Q8W!P8Mo�*� v�� ��e �jw(�f���-�j�������5���-�j�� ����Uv
��e �jw(�@�&� �(¡J¢�M9}�£�¤�¥ y`| Z0anQ?abQ?S8Z!M�V�X(Q8SJN!P8M9l9abQ8M\Q8abR!c<mbMoV�M,T�Q8W0P8M9V�M9R,S?X(Y`S8Z0M1[¦]%X<Q8X(R�V_T-Q8Q@S8X�k5T�S8M y

§0¨@©sª?«�¬�­J®,¯�°7±/²s³�´�µ ´/¶�µ ·5¯<¸j³�¹�µ»º�¼�µ ½�­�¸j³�¾�µ»³�¿�µ ÀÂÁÃ¸!³�´�µ ¶/¿�µ»Ä�Å

/ts�<pg\7:3Q;�O�3QVBOCPD9�O�<H5 À d�]^ÂÇÆ ´�È J8;�hQ96ZQ<=g�7Bs�<���J8�6�Qg?P,<=I�s�36|
;�J8gBP 96x�g\nU9Q;�7:36;�<=96F�g�gB��P,P,<=7BVB��E�V\<=36Z�J8;���7:9v�Q<=;�<HVB3Q7:<�P,36g\g
xy96V�7:s�<_É 3Q;�O�Ê EK96g\96;�gb>�ats�J8I�s�P,<=O�J8367B<`7:s�<la�<=3QZ�xy9QVBIH<�0
/ts�<�Ë?Ì À ´ Â�Í�Ì À�Î Â�gB��P,P,<=7BVB� 9Qx47Bs�<�<=58<=IH7:V\9bap<H36Z!J8;�7:<=V\|
36IH7:J896;^n�VB<HO�J8I=7:g,7Bs�<�VB<H5G3Q7:J896;
EK<=7fa�<=<H;
7Bs�<�É 36;�OÏÊ EK96|
g\96;,P,36g\gB<Hg�36;�O,7:s�<t<=58<=I=7BVB9QP,36�6;�<=7:J8I�36;�O,a�<=3QZl�63QF��6<�I=9QF�|
n�58JG;��6gb0 /ts�<�n�VB<HO�J8I=7:J896;¾xy9QV)7:s�<ÐÉ EU9QgB9Q;%PD3QgBg�Ñ�Ò JG;
7:<HVBP,gj96x{7:s�<Dn�V\<=I=J8g\<=58��P,<H36g\F�VB<HO*Ê+EU9QgB9Q;­P,36g\g&Ñ�Óp>K7Bs�<
u�<HVBP,J.O�<=IH3b��I=96;�gB7B36;�7�ÔoÕ%<H¸�7BVB3QI=7B<=OªxyV\96P$7:s�<1P1F�96;ª58JGxy<H|
7:J8P,<)P,<=3QgBF�V\<=P,<H;�7W>�3Q;�O!7:s�<)<=58<=IH7:V\96P,36�Q;�<=7BJGI�IH96F�n�58J8;���Ö

3Q7�7:s�<`g\I=3Q5G<�Ñ Ó >�J8gt�6J8h6<=;�J8;�7Bs�<Ø×~9Q;�|¨g\s�<H5G5�ÙCg\I�s�<HPD<jE���Æ "�È

Ñ @ÒÛÚDÜÝ
A
Þ

ß Ö
à ´ Ô Õ

Î
À�Î�á Þ @ Ò Â À�Î\á�â1ã Âåä À�Î Â

ats�<=V\< Þ Ò Ú Ñ ÒØæ Ñ Ó 3Q;�O â�ã J8g�7:s�<Cº�F�3Q;�7BF�P,|¨589�96n�IH96V\|
V\<=IH7:J896;?0{2�n�V\<=IHJGg\<lP,<=3QgBF�VB<HPD<H;�7t96x�Ñ�Ò n�V\9bh�J8O�<Hgt3)P,<=36|
g\F�V\<=P,<=;�7v9Qx â�ã 0v�f;ª7:s�<Cd�] 7:s�<CI=96;�7BVBJ8E�F�7BJG9Q;�g�7B9 â�ã 36V\<
O�96P,JG;�367:<HO�E���7:s�<l7:9Qn�º�F�3QVBZ�36;�O�7Bs�<l��J8�6�QgvEK96g\96;�5G9�9Qn�gW>
g\F�I�s(7:s�367_Ñ�ÒÁJ8;(I=96;b�:F�;�I=7BJG9Q;!atJG7Bs!7:s�<�7:96n!º�F�3QVBZ­PD3QgBg
IH96;�g\7:V\36J8;�g?7:s�<�P,36g\gsç�è^96x�7Bs�<�F�;�O�J8gBIH9bh6<HVB<HOl��J8�6�Qg?EK96g\96;?0
24;3ç�è I=9Q;�gB7BVB3QJG;�74JG;�IH96;�g\J8gB7B<=;�74atJ87:s¦O�J8VB<HI=7�gB<H36V\I�s�<=g�I=3Q;
J8;�O�J8I=3Q7:<�7:s�<�n�VB<HgB<H;�I=<�9Qxt;�<=a n�s���g\JGIHgW>?g\F�I�s!36gCI=9Q;�7BVBJ8E�F�|



é

7:J896;�gt7:9 â�ã xyV\96P gBF�nK<=V\g\��P,P,<=7BVBJ8Ijn�36V\7:J8I=58<=g1Æ é È 0
/ts�<3É EU9QgB9Q;¦P,3QgBg�Æ "�È s�36glEK<=<H;!P,<=36g\F�V\<=O(P,96g\7`n�V\<=|

I=J8g\<=58�¦E��(7:s�<��?�{zêÆ ëK>Çì È 3Q;�O /.<=hW367BVB9Q;FÆ�í È <=¸�nU<HVBJ8P,<=;�7:gb>
atJ87:s�7:s�<`ap9QVB58O�|~3bh6<=V\36�Q<�Ñ Ò Ú Àïî�ð "�ñQ´�ò½´�ñ Â.]ª<=�qó Þ @ Æ ì È 0
2t7.7:s�<�/?<HhW367:V\96;.>�É EK96g\96;�g?3QVB<�P,3QJG;�58�`n�V\9�O�F�I=<HOlJ8;1º�F�36V\Z
À8ô/õ Âp36;�7BJG|~º�F�36V\Z À Üô Â�3Q;�;�J8s�JG58367BJG9Q; ô/õ Üô�ö Éø÷�ù¾0l�4<=V\<1ù
J8;�I=58F�O�<Hgp7Bs�<D®`� e VB3QO�J8367:J896;�7Bs�367pxy96V\P,g{7:s�<�×~s�36O�V\96;�J8ItV\<=|
I=9QJG5�Ù`E�3Q5G3Q;�I=J8;��l7Bs�<vEK96g\96; � g{7BVB3Q;�gBhQ<=V\gB<�P,96P,<H;�7BF�Pûú%üÐÆ î È 0
/ts�<�É öþý�ÿ O�<=IH3b��gb>bI�s�36V\36I=7B<=V\JGwH<=O,E��,3ls�J8�6s�|Ãú ü I�s�36V\�6<HO
58<=n�7B96; À�ý Ú�� 9QV���Ât3Q;�O!;�<=F�7:V\JG;�9N>�IH36;!EK<)g\<=58<=I=7B<=O!atJ87:s
s�J8�6s�n�F�V\JG7f��36;�O�n�V\9bh�JGO�<jn�V\<=IHJGg\<�PD3QgBgtJ8;�xy9QVBP,367BJG9Q;?0
/ts�JGg�36;�3Q5G��g\JGg�Æ ñ > Î/ð È F�g\<=g ´ ð�ð n�E�� R I=9Q5G58<=IH7:<=O%E��
7Bs�<

� e u �:�1O�<=7:<HI=7B96V�Æ ñ0È J8;*ú Üú¦IH96585GJ8gBJ896;�gC3Q7 à � Ú Î�� ñ ìª/.<=�
367�7Bs�<(/?<Hh�3Q7:V\96;?0 � e u �:��JGg�3%P,36�6;�<=7:J8I¦gBnK<=IH7:V\96P,<=7B<=V
g\F�VBV\96F�;�O�<=O+E�� I=365896V\J8PD<H7:<HVBg�3Q;�O P1F�9Q; O�<=7B<=IH7:96V\gb0 q¦<
F�g\<½7Bs�<(I=<H;�7BVB3Q54O�VBJ8xy7�I�s�36PCEU<HV À � � /1Â;Æ Î�Î È >�7:s�<¦I=<H;�7:V\365
I=3Q5G9QVBJ8P,<=7B<=V\Æ Î ´,È atJG7BsC<HP1EK<=O�O�<HOCatJ8V\<{I�s�3QP1EK<=V\g�Æ Î "0È 3Q7?7Bs�<
<=58<=IH7:V\96P,36�Q;�<=7BJGI À �{]^Â�g\s�9ba�<=VjP,36¸�JGPCF�Pª>m3Q;�O(7:s�<)PCF�96;
O�<H7:<=IH7:9QVBg3Æ Î é È xy9QV,JGO�<H;�7:J8¡�I=3Q7:J896;�96x�PCF�96;�g�36;�O^<=58<=I=7BVB9Q;�g
atJ87:s
	 ��	�
 Î Æ î È 36;�O�PD<H36g\F�V\<=P,<=;�7�96xN7Bs�<=J8Vpxy9QF�V\|¨P,96P,<H;�7B3K0
/ts�<DP1F�9Q; À <=58<=I=7BVB9Q;?Â{7:V\JG�Q�6<=V�V\<=º�F�J8VB<Hg43!� � /�7:V\36I�Z�atJ87:s
ú%ü�� Î/îNÀ ñ Â._�<H�oó Þ Æ î È >b36;�ODP,3Q7:I�s�J8;��jP1F�9Q;,I�s�36PCEU<HV�s�JG7BgÀ �p] I=365896V\J8PD<H7:<HV�IH5GF�gB7B<=VtatJ87:s��@ü�� Î/î _�<=�,Â:0
�f; 7:s�<½36;�3Q5G��g\JGgb>�a�<ªgB<H5G<HI=7�P1F�9Q;�g�atJ87:s 3 � � /"7:V\36I�Z

P,367BI�s�<=O!7B9ªP1F�9Q;!I�s�36PCEU<HVls�J87:gD36;�O!n�36g\gBJ8;���º�F�3658J87f�­V\<=|
º�F�J8VB<HPD<H;�7:gb>t7:V\36I�ZÐú ü � " ð _�<=�qó Þ >�36;�O 3
P,J8;�JGPCF�P,|
J896;�J8w=3Q7:J896; gBJ8�6;�3Q5lJ8; 7Bs�<!I=3Q5G9QVBJ8P,<=7B<=Vb0 �.96g\PDJ8I!V\3b��g�3QVB<
V\<f�:<=IH7:<HOrF�g\JG;�� � � / s�JG7(7BJGP,J8;���Æ Î ë È 0 q½<%g\<=58<=IH7½<H5G<HI=|
7:V\96;�g�atJ87:s 7BVB3QI�Z�ú�ü�� ÎÂî _�<=�qó Þ >t�{] I=58F�g\7:<HV��@ü��
" ð _�<H� Æ î > ñ,È >�36;�O(n�3QgBg\JG;���º�F�3Q5GJ87f�ªV\<=º�F�J8VB<HP,<=;�7:g`9Q;¦7Bs�<
� � / 7:V\36I�Z½36;�O!7Bs�<�7BVB3QI�Z�|~I=58F�g\7:<HV`PD3Q7:I�s�J8;��N0�24O�O�J87:J896;�3Q5
V\<=º�F�J8VB<HPD<H;�7:g,36V\<�E�36g\<=O�96;�7:s�<�V\367BJG9¦96x47:s�<�IH365896V\JGP,<=7B<=V
<=;�<=V\�6���+7:9,7BVB3QI�Z)P,96P,<=;�7:F�P ú À � æ ú Þ 
 ´ ÂB>�7:s�<lV\367BJG9D96x
<=;�<=V\�6J8<=g1O�<=7:<HI=7B<=O
J8; 7Bs�<�s�36O�V\96;�J8I)3Q;�O �{] I=365896V\J8PD<H7:<HVBg
������� æ ������
 ð �ïÎ >�36;�O½7:s�<C7:V\36;�g\h6<HVBg\<`gBs�9bap<HV�n�V\96¡�58<;Æ ñ,È 0
2 h6<=7B9^9Q; 7:s�<¦n�VB<HgB<H;�I=<½96xl3^gB<HI=96;�O 58<=n�7B96; g\F�n�n�VB<HgBg\<=g
Ê EU9QgB9Q; E�36I�Z��QVB9QF�;�O?>patJ87:s ;�<=�658J8�6J8E�5G<½5G9QgBg�96x_É EK96g\96;
<=hQ<=;�7:gb0¦�.96;�7:V\965�g\36P,n�58<=g196x�Ê�EK96g\96;(<=hQ<=;�7:glV\<=º�F�J8V\<�7fap9
96n�nU9QgBJ87:<H5G�)I�s�36V\�6<=O�5G<Hn�7:9Q;�gvatJ87:s�7:s�<`36EK9bh6<�I=V\JG7B<=V\JG3N0
/ts�<"!ú ü 96xp7:s�<,s�3QO�VB9Q;�J8ICV\<=IH96J85 À !# ÂpJ8g`I=9QPDn�F�7:<HO½3Qg�7Bs�<

h6<HI=7B96V,gBF�P$!# Ú&% � � � g\JG; À(' � Â*)+ � æ Þ 9bhQ<=VDI=3Q5G9QVBJ8P,<=7:<HV,7:9bat|<=V\g�Æ Î ´,È >?atJG7Bs <=;�<=V\�6�,� � >?nU9Q5G3QVl36;��658< ' � >?36;�O!7BVB3Q;�g\h6<=V\g\<O�J8VB<HI=7BJG9Q;�g�gBnK<=IHJG¡�<=ODE��1F�;�J87�h6<=IH7:9QVBg-)+ � 0��{;�<=V\�6�`36g\g\9�IHJG3Q7:<HOatJ87:s!7:s�<)I�s�36V\�6<HO(5G<Hn�7:9Q; À gbÂ�J8g1;�9Q7`JG;�IH5GF�O�<=O?0�q¦<�J8P,nU9QgB<
!ú%ü½E�3Q5G3Q;�I=<�7:9,J8;�xy<=Vt7Bs�<j;�<=F�7:V\JG;�9 � g�7BVB3Q;�gBhQ<=V\gB<4P,96P,<=;�7:F�P
ú�.ü0/ 	 á !ú21ü á !# 	?Æ î È 3Q;�O½7Bs�<=É 7BVB3Q;�gBhQ<=V\gB<CP,36g\goç�ü Ú
´ À ú 1ü ú .ü á !ú 1ü43 !ú .ü Â æ Þ 0�q¦<)VB<Hº�F�JGV\<&ú�. ü � " ð _�<H�oó Þ

36;�O�	5!# 	�
 Î ë�_�<H�oó Þ 7:9,96E�7:36J8;�3;É I=3Q;�O�J8O�367B<jgB3QPDn�5G<j96x
s�J8�6s n�F�VBJ87f��>.ats�96g\<�ç3ü 36;�O
5G<Hn�7:9Q;�ú%ü O�J8gB7BVBJ8E�F�7BJG9Q;�g13QVB<
g\7:V\96;��Q5G�¦I=9QVBV\<=58367B<=O!atJ87:s�7:s�<ØÉ EK96g\96; P,36g\gb0 � F�V,¡�;�365
g\36P,n�58<lI=9Q;�gBJ8g\7:gv9QxUì "�ñ ì�é=É ö � ÿ I=3Q;�O�J8O�367B<=g�3Q;�O�ë Î0Î ´ î
É ö � ÿ I=36;�O�JGO�367:<HgW0
/ts�<�É EK96g\96;�P,3QgBg�J8gt<=¸�7:V\36IH7:<=O�E��)nU<HVBxy9QVBP,J8;��DE�JG;�;�<=O

P,36¸�J8P1F�P 5GJ8Z6<H5GJ8s�9�9�O½¡�7Bgl7:9�7Bs�<�O�J8gB7BVBJ8E�F�7BJG9Q;�gl9Qx?ç�ü{>`ú 1ü
36;�O�ú�.ü 0{q½<1�6<=;�<=V\367:< î0ð�ð 7:<HPDn�5G3Q7:<=g436gvxyF�;�I=7BJG9Q;�g�9Qx@Ñ Ò
EK<=7fa�<=<=; î0ð _�<=�qó Þ @ 3Q;�O î�Î _�<H�oó Þ @ F�g\JG;��t3vI=F�g\7:9QP ]­96;�7:<
�.36V\589 À ]^�tÂ�gBJ8P1F�58367BJG9Q;_Æ ñ0È 96x`É EK96g\96;`n�V\9�O�F�I=7BJG9Q;`36;�O`O�<=|

IH3b��>K3Q;�O(96x{7Bs�<�O�<H7:<=IH7:9QV�V\<=g\nK96;�g\<,7:9�7:s�<,I�s�3QVB�Q<=O½5G<Hn�7:9Q;
3Q;�O�s�36O�V\96;�J8I�VB<HI=96J85f0�/ts�<�IHF�g\7:96P ]^�!9Qn�7:J8P,JGwH<=g�I=9QPDn�F�7:|
J8;��ªg\nK<=<=O
36;�O IH96;�7:V\965{96xtg\��g\7:<HP,367:J8I)F�;�I=<=V\7:3QJG;�7BJG<HgW0�/ts�<
Z�J8;�<=P,3Q7:J8I=g�9Qx�É 3Q;�O�Ê EK96g\96;�O�<=I=3b��gv3QVB<196E�7B36J8;�<=O�xyV\96P
7Bs�<76�8�9;:=<>9=Æ Î ì È n�V\96�QVB3QPª0?6�8�9;:=<>9CI=3Q5GIHF�5G3Q7:<Hg�7Bs�<,O�J8TU<HVB|
<H;�7:J8365�n�V\9�O�F�IH7:J896;DI=V\96g\g�gB<HI=7:J896; ¼A@CB¼�D(¼�E�¼ �GF ¼GH >�ats�<=V\<-I äKJ5ä3Q;�O ô ü 36V\<�7:s�<�EK96g\96;^JG;�hW36V\J836;�71P,36g\gb>�VB3Qn�J8O�JG7f��>�36;�O�ú ü
V\<=g\nK<=I=7BJGhQ<=58��>Q36;�O
L;M JGg�7Bs�<jgB9Q5GJ8O�3Q;��658<�<H5G<HPD<H;�7pJ8;�7Bs�<�O�<=|
IH3b�ª58<=n�7B96;!O�J8VB<HI=7BJG9Q;?0,/ts�<);�96;�|~nU<HVB7BF�V\E�367BJGhQ<Dxy9QVBP xy36IH7:96V
ats�JGI�s(O�<HgBIHVBJ8EU<Hg`7:s�< ô ü g\nU<HI=7:V\F�P 367`589ba ô ü J8gl7BF�;�<=O(9Q;
7Bs�<tO�J85G<Hn�7:9Q;&ú ü O�J8g\7:V\JGE�F�7:J896;�g�J8;,7:s�<1Ê EU9QgB9Q;CO�367:3N0�d�JG;��Q5G<
n�s�967B96;�g À u�d � ÂpV\36O�J8367B<=OªxyV\96P$7Bs�<C¡�;�3658|¨g\7:3Q7:<D5G<Hn�7:9Q;�g�36V\<
�Q<=;�<HVB3Q7:<HO 36IHI=96V\O�J8;��­7B9½7Bs�<
N?O>6�PRQ n�V\96�6V\36P Æ Î í È 0(/ts�<
u�d � n�s�967B96;�<=;�<=V\�6J8<=gt36V\<`J8;�I=V\<=3QgB<HO�E�� Î/ðTS À atJ87:s�3Q;�36E�|
g\9658F�7B<�F�;�I=<HVB7B36J8;�7f�49Qx0ë S Â�7:9t3QI=I=9QF�;�7mxy96V?36O�O�J87:J896;�365�<H;�<=V\�6�
5896g\g�O�F�<{7:9�7fap9Q|¨n�s�967:9Q;jVB3QO�JG3Q7:J896;_Æ Î/î È 0�NUO�6�PRQ�JGg?3658gB9tF�gB<HO
7B9�<HgB7BJGP,3Q7:<D7:s�<,F�;�IH<=V\7:3QJG;�7f��O�F�<D7:9!®�� e V\36O�J8367BJG9Q;­xyV\96P
7Bs�<`J8;�JG7BJG3Q5mgB7B367B< À �fd � Â�3Q;�O�JG;�7:<HVBxy<HVB<H;�I=<�EK<=7fa�<=<=;��fd � 36;�O
u�d � 0=q¦<�F�g\<p7Bs�<j�./t�j®fì6] Æ Î ñ�È g\<=7.96x�n�36V\7:9Q;lO�J8gB7BVBJ8E�F�7BJG9Q;
xyF�;�I=7BJG9Q;�gv36;�O�7Bs�<=J8VvF�;�IH<=V\7:3QJG;�7:J8<=gb0
/ts�<%I=F�gB7B96P ]^� nU<HVBxy9QVBP,g(3 s�JG7B|¨58<=hQ<=5,gBJ8P1F�5G3Q7:J896;r9Qx

7Bs�<�5G<Hn�7:9Q;%7:V\36I�Z�0 2$¡�;�<=|~�6V\36J8;�<=O^PD9�O�<H5v96x4n�36g\g\JGhQ<�P,36|
7B<=V\JG3Q5pn�VB9QnU<HVB7BJG<HgDJ8g,F�g\<=O
7B9½IH3658I=F�58367B<�J896;�J8w=3Q7:J896; 3Q;�O
V\36|
O�JG3Q7:J8h6<¾<=;�<=V\�6�r5896g\g 3Q;�O P1F�587:J8n�58<��.9QF�5G9QP1E g\I=367B7:<HVBJ8;��K0
}�V\<=P,g\gB7BVB3Qs�5GF�;��+n�s�967B96;�g
36;�O I=9Q;�h6<=V\g\JG9Q; <H5G<HI=7:V\96;�g!36V\<
�Q<=;�<HVB3Q7:<HO�3Q;�O�n�V\96n�3Q�6367B<=O�7:9)7Bs�<lIH365896V\JGP,<=7B<=Vb0�� � /+s�J87:g
3QVB<{�6<=;�<=V\367:<HOj36I=IH96V\O�J8;��v7:9�7:s�<�VB<HgB9Q5GF�7:J896; ÀKVHÎ ë ð ��PªÂ'36;�O
<XW,I=J8<=;�IHJG<Hg�P,<H36g\F�VB<HO­xyV\96P"PCF�96;¦7:V\36I�Z�g�JG;ZY ä Ér>K3Q;�O�Ê
EK96g\96;1O�<=IH3b��gb0N2�s�<=58J8¸`¡�7 À atJG7Bs19Qn�7:J896;�3Q5QEK<=3QP I=9Q;�gB7BVB3QJG;�7WÂ
J8gtnK<=V\xy96V\PD<HO�7B9�gBJ8P1F�5G3Q7:<j7:s�<`V\<=IH96;�g\7:V\F�IH7:<=O�7:V\36I�Z�0
/ts�<`3Q5GJ8�6;�P,<H;�7�9Qx?7Bs�<�� � / J8gtnK<=V\xy96V\PD<HO�F�gBJ8;��,3�s�J8�6s�|

n�F�VBJ87f�jgB3QP,n�5G<p96x's�J8�6s�|�ú ü IH96g\PDJ8I�V\3b�4PCF�96;�gW0��{36I�s1P1F�9Q; � g
IH96P,n�58<=7B<C7BVB3��:<=I=7B96V\��J8gj¡�7�7:9�3�g\JG;��658<1s�<H5GJ8¸�Æ Î ë È 0�/ts�<D¡�7:g
O�<=7:<HVBP,J8;�<�7Bs�<�V\<=58367:J8h6<�589�I=3Q7:J896;�g�9QxQ7Bs�<{g\<=;�gB<�atJ8VB<HgW>=J8;�I=58F�O�|
J8;����QVB3bh�J87:367BJG9Q;�365N3Q;�O�<=58<=I=7BVB9QgB7B367BJGIjO�J8gBn�5G3QI=<=P,<H;�7BgW>'atJG7Bs�3
n�VB<HI=J8gBJ896;�96x�3,xy<Ha P,JGIHVB9Q;�gb0�q¦<jI=9Q;�gB7BVB3QJG;�VB<HP,36J8;�JG;��CP,J8gB|
3Q5GJ8�6;�PD<H;�7:gb>bats�J8I�s,I=36F�gB<t3lE�JG3Qg�JG;�7Bs�<v7BVB3QI�Z1I=F�VBhW367BF�V\<�>WE��
IH96P,n�3QVBJ8;��\[K� æ ú Þ*] xy96Vt<H5G<HI=7BVB9Q;�gt36;�O�nK96g\JG7BVB9Q;�gb0
/ts�<�7:V\36I�ZQ<=V.P,96P,<=;�7:F�P�gBIH3658<pJ8g�P,<=3QgBF�V\<=OCE��`7:<=P,n�58367B<=|

¡�7:7:J8;��!7Bs�<�^ æ`_ ö ��� 36;�OaY ö ��� P,36g\g�nU<H36Z�gb0 /ts�<
^ æ`_ ¡�7:g¦36V\<!nK<=V\xy96V\PD<HO JG; E�JG;�g¦96x Î æ ú 1ü À ��Â 7B9 P,<=36|
g\F�V\<v36;��D;�96;�|¨58JG;�<=36V\J87f�CO�F�<�7:9CP,JGg\P,9�O�<=585GJ8;��19Qxm7:s�<4JG9Q;�J8w=36|
7BJG9Q;�<=;�<HVB�Q�)5G9QgBg�36;�O�967Bs�<=V�gBP,365858<=Vt<=TK<=IH7:gb>'3Q;�O�JG;�E�J8;�gv9Qx
[YI=9Q7 'QÀ ��Â ] 7B9)P,<=36g\F�V\<`7:s�<1PD3Q�6;�<H7:J8Il¡�<H5GO�;�9Q;�|~F�;�J8xy96V\PDJ87f��0
/.9�3QI=IH96F�;�7vxy9QV47Bs�<19QE�gB<HVBhQ<=O�P,96P,<H;�7BF�P$;�96;�|¨58JG;�<=36V\J87f��>�3
ì S IH96V\VB<HI=7:J896;½7:9�7Bs�<)n�V\<=O�J8I=7B<=O(J896;�J8w=3Q7:J896;(<=;�<HVB�Q�ª5896g\g`JGg
3Qn�n�58JG<HO�7:9�P,36ZQ<�7Bs�<lP,<=3QgBF�VB<HO�^ æ�_ P,3QgBgtJ8;�O�<HnU<H;�O�<=;�7v9Qx
Î æ ú�1ü À ��Â 0 24n�n�58��J8;��^7:s�<ªIH3658JGE�VB3Q7:J896;%O�<=V\J8h6<=O%xyV\96P 7:s�<
^ æ`_ 3Q;�ObY O�3Q7:3 7:9 7:s�< Ê ö ��� O�367B3K>1ap<^PD<H36g\F�V\<
ÑØÓ Ú À ñ Î�Î/î é ò é "dcfefgGe Â�]ª<H�oó Þ @ À u�JG�N0 Î Â:>�IH96;�g\JGg\7:<H;�7tatJG7Bs
7Bs�<�a�96V\58O�3bh6<=V\36�Q<1Æ " >�ì È 9Qx À ñ Î�Î/î0î ò�´ ÂU]ª<H�oó Þ @�0?/ts�<�g\��gB|
7B<=P,367BJGI�F�;�I=<HVB7B36J8;�7:J8<=g1O�F�<�7B9^®�� e VB3QO�JG3Q7:J8h6<�IH96V\VB<HI=7:J896;�g
3Q;�OlP,36�Q;�<=7BJGIp¡�<=58O1;�96;�|~F�;�J8xy96V\P,JG7f�jO�9QPDJ8;�3Q7:<{7Bs�<�7:967B365�F�;�|
IH<=V\7:3QJG;�7f�`96x ð 0 ð ´ S 96;17Bs�<tI=9QP1E�J8;�<HOCP,96P,<H;�7BF�P�g\I=3Q5G<�>�O�<=|
V\J8h6<=O�xyV\96P 7Bs�<h^ æ�_ ä Y¾3Q;�O�Ê EU9QgB9Q;�P,36g\gt¡�7BgW0q¦< gBJ8P1F�58367B< 7:s�< <H5G<HI=7BVB9Q; IH5GF�g\7:<HV E�� P,<=V\�6J8;��$7:s�<
<H;�<=V\�6J8<=g 96x!7:s�< n�V\J8PD3QVB� <=58<=IH7:V\96;"36;�O 7:s�<�n�V\9b¸�JGP,367B<
E�VB<HPDg\g\7:V\36s�58F�;��ªn�s�967B96;�gC36;�O IH96;�h6<HVBg\J896;(<=58<=IH7:V\96;�gb0�/ts�<



ë

70
i

80
j

90
k

100 110
0
l

200

400
m

 

/dof = 33 / 30
n2oχ

µpµp →qZ 

µrµrms 2ct

2u cv

(GeV/    )

E
ve

n
ts

 / 
(0

.5
 G

eV
/  

  )

70 80
j

90
k

100 110
0
l

100

200
w

 /dof = 34 / 38
n2χ

 ee→qZ 
x

eeyms 2
z

ct

2u cv

(GeV/    )

E
ve

n
ts

 / 
(0

.5
 G

eV
/  

  )

�5��{ y5wX|Ç| Z!M~} �D��� � S8X(N`¡fT�R0k�}����Â� � ]%X<S8S8X(V_¡+V_T�Q8Q��0S8Q��
Q8Z!XÂ�UabR!c3S8Z0M�k`T�S�T � N%X(abR,S8Q�¡1T�R!k�S8Z0M_Q8anVoW!m7T-S8anX<R � Z0abQ8S8X(c(P�T-V_¡ y
| Z!M1T-P8P8XÂ�UQ@abR!k0abl,T�S8M\S8Z0M��!S8S8abR!c�P�T�R!c<M y

O�J8gB7BVBJ8E�F�7BJG9Q;�g,96x4<=58<=I=7BVB9Q; 36;�O
n�s�9Q7:9Q;^<H;�<=V\�6�(5896g\gCJ8;^7Bs�<
g\9658<=;�9QJGO�IH96J85o>�36;�O­5G<H36ZW36�Q<`JG;�7:9�7:s�<Cs�36O�VB9Q;�JGI1I=365896V\J8PD<H7:<HVW>
36V\<�O�<=7B<=V\P,JG;�<HO^F�gBJ8;��4O>8�PR�R�ûÆ ´ ð È 36g�3(xyF�;�I=7:J896;%9QxU�@üp0
/ts�<lxyV\36IH7:J896;�3Q5�<H;�<=V\�6��VB<HgB9Q5GF�7BJG9Q;�JGg4�6J8h6<=;�E���7:s�<Cº�F�36O�V\36|
7:F�VB<CgBF�P$9Qx�3)g\36P,n�58JG;���7:<HVBP À�Î " 0 ë S ó � ü æ _�<=��Â�3Q;�Oª3
I=9Q;�g\7:36;�7t7B<=V\P�� Ú Àïð=� î ñ1ò ð �ïÎ ëNÂ S 3Qn�n�58JG<HO�7:9)7Bs�<1IH5GF�gB7B<=V
<=;�<=V\�6��>±36;�Oj3Q;`36O�O�J87:J896;�365bI=9Q;�g\7:36;�7m7B<=V\P���� Ú À�î � "iò�´ � ´ Â S
36n�n�5GJ8<=O!9Q;�58�­7:9­7:s�<)<H;�<=V\�6J8<=g`9Qx�E�VB<HP,gBg\7:V\36s�58F�;���n�s�967:9Q;�g
36;�O I=9Q;�hQ<=V\gBJ896;%<H5G<HI=7:V\96;�gW0�/ts�<"��� 7B<=V\P I=96;�7BVBJ8E�F�7B<=g V
Î�� " S J8;)º�F�36O�V\367BF�V\<t7:917Bs�<�<HTU<HI=7BJGhQ<�I=9Q;�g\7:36;�7�7B<=V\P xy96V{7Bs�<
J8;�I=58F�g\JGhQ<�<=58<=IH7:V\96;�g\36P,n�58<�0?/ts�<�O�J8gB7BVBJ8E�F�7BJG9Q;)96xm7Bs�<4F�;�O�<=V\|
58��J8;��½<=h6<H;�7l<=;�<HVB�Q��Æ ´ Î È J8; 7:s�<�I=58F�g\7:<HVCJ8g1g\JGPCF�58367:<HO?0�q¦<
7:F�;�<h�)96;�7Bs�<`atJGO�7:s�96x.7:s�<h� æ ú Þ nK<=3QZ À u�J8�K0 ´ Â.96x.7:s�<#É
EK96g\96;�g\36P,n�58<�>'3Q;�O�� � 96;�7Bs�<1atJ8O�7:s�9Qx�7:s�<�Ê ö ��� P,36g\g
nK<=36Z�ats�<=;�EK967:s�<H5G<HI=7:V\96;�gt36V\<4V\36O�J8367BJGhQ< À � æ ú Þ � Î�� ð ìKÂ:0
_�JGhQ<=;%7:s�<­7:V\36I�Z6<HV,PD9QP,<=;�7:F�P I=3Q5GJ8E�V\367BJG9Q;?>�a�<�¡�7)7Bs�<

� æ ú Þ nU<H36Z�JG;­E�JG;�g�96x�<H5G<HI=7:V\96;�� ü 7:9)O�<=7:<HVBP,J8;�<l7Bs�<1<H5G<HI=|
7:V\96;­<=;�<HVB�Q��g\I=3Q5G<l3Q;�Oª;�9Q;�|~5GJ8;�<=3QVBJ87f��0t/ts�<1nK96g\JG7BJG9Q;ª96x�7Bs�<
� æ ú Þ nU<H36Z1J8g�g\<=;�g\J87:J8h6<t7:9`7Bs�<t;�F�P1EK<=V{96xKVB3QO�JG3Q7:J896;D5G<H;��67Bs�g
� X ÀKV�Î ñ S Â:>HO�F�<p7B9�E�V\<=P,g\gB7BVB3Qs�5GF�;��tF�n�g\7:V\<=3QP 9Qx'7:s�<`� � /10
q¦<�I=96;�gB7BVB3QJG; � X E��­IH96P,n�3QVBJ8;���7:s�<�xyV\36IH7:J896;(96xp<=58<=I=7BVB9Q;�gatJ87:sªs�J8�6s�� æ ú Þ EK<=7fa�<=<H;�O�367B3)36;�O�gBJ8P1F�58367BJG9Q;?0�2�n�n�5G��J8;��
7:s�<�� æ ú Þ |¨E�36g\<=O�<=;�<HVB�Q� I=3Q5GJ8E�V\367:J896;.>�a�<�¡�7)7:s�<�Ê ö ���
P,36g\g�nK<=3QZ�3Q;�OªP,<=3QgBF�V\<_Ñ�Ó Ú À ñ Î0Î ñ ð ò ì`í cfe�gCe Â�]­<=�oó Þ @À u�J8�K0 Î Â:>{I=96;�gBJ8gB7B<=;�7,atJG7Bs^7Bs�<�a�96V\5GO^3bh6<=V\36�Q<�Æ " >Jì È 0^uU96V
P,36¸�J8P1F�P n�V\<=I=J8g\JG9Q;?>'7Bs�<1<H;�<=V\�6��gBIH3658<=gvxyV\96P 7:s�<2� æ ú Þ ¡�7
36;�O
7:s�<�Ê ö ��� PD3QgBgD¡�7D36V\<�IH96P1E�JG;�<HO F�g\JG;��­7:s�<�}�<HgB7
��J8;�<H36V`¥�;�E�J836g\<=O¦�{g\7:J8P,367B< À }���¥��jÂ�P,<=7:s�9�O Æ ´6´,È >matJ87:s(3
V\<=g\F�5G7BJG;��DF�;�I=<HVB7B36J8;�7f��7:s�3Q7tJGgtn�V\<=O�96P,JG;�36;�7:58�)g\7:367BJGg\7:J8I=3Q5o0
/ts�<vV\<=I=9QJG5�!# <=¸�I=58F�O�<Hg{7:9ba�<=V\g�JG;�ats�JGI�s�7Bs�<v58<=n�7B96; À gWÂNO�<=|

nK96g\JG7�<H;�<=V\�6��0N/ts�<�F�;�O�<=V\58��J8;��t<Hh6<=;�7�<H;�<=V\�6�4JG;`7Bs�<=g\<�7B9bap<HVBg

1 1.5
0
�

2000

4000
�

/dof = 17 / 16
�2χ�

)
�

ν� e→E/pc (W
�

E
ve

n
ts

/0
.0

1

�5��{ y d |Ø| Z!M�k0abQ8S8P8an]0W!S8abX(R�X(Y-�U�-p�¤;Y�X<P_S8Z!MÐ[ � �0�3k5T-S�T
� N%X(abR,S8Q�¡:T-R!k S8Z!MU]%MBQ8S(���0S:Q8abVoW!m7T�S8abX<R � Z0abQ8S8X(c(P�T-V_¡ abR0l9mbW!k!abR0c\S8Z!M
Q8V_T�mbm���M9S�]5T-lC�,c<P8X(W!R0k � Q8Z`T�k0M9k5¡ y�| Z!M_T-P8P8X��UQoabR!k0anl�T�S8M�S8Z0M��!S(�
S8anR0c�P�T�R0c(M\W0Q8M9k&Y X(PJS8Z!M�M9mbM9lBS8P8X(R�M9R0M9P8c(~1l,T-mnab]0P�T�S8abX(R y

J8g�P,<=3QgBF�VB<HOCxyV\96P 7:s�<v;�<=36V\E��l7:9ba�<=V\g�JG;�É EK96g\96;,O�367B3K>WJ8;�|
IH5GF�O�JG;���JG7BgvO�<=nK<=;�O�<=;�IH<l96;2�=1�36;�O�!# 0�/ts�<`V\<=g\9658F�7BJG9Q;�9Qx�!#
s�36g��:<H7:|~5GJ8Z6<�3Q;�O(F�;�O�<HVB58��JG;���<Hh6<H;�7`IH96P,nK96;�<H;�7BgW>�atJG7Bs!7:s�<
58367B7:<HV�PD9�O�<H5G58<=O,F�g\J8;��jO�367B3�7BVBJ8�6�Q<=V\<=OC96;DJG;�<H5G3QgB7BJGI Üú�ú1JG;�7:<HVB|3QI=7BJG9Q;�gW0�/ts�<)V\<=IH96J85�n�3QVB3QPD<H7:<HVBJ8w=3Q7:J896;�g`3QVB<�7BF�;�<=O!9Q;!7:s�<
P,<H36;�36;�O�Vb0 Pª0 gW0�9Qx?7Bs�<�!ú ü J8P1E�365836;�IH<�EK<=7fa�<=<H;�7:s�<`O�J858<=n�|
7B96;"!ú ü 36;�O,!# JG;�Ê ö ý/ý <Hh6<=;�7BgW0�/ts�<v58<=n�7B96;�J8O�<=;�7BJG¡�IH367BJG9Q;
<XW,I=J8<=;�IH�¦J8gDPD<H36g\F�V\<=O!36gC3­xyF�;�I=7:J896;^96x #���� Ú !# 3 !ú21ü æ ú71ü
F�gBJ8;��`7:s�< Ê öþý/ý O�367B3K>WJ8;�96V\O�<=V�7B9`P,9�O�<=5�J87:g{<=TK<=I=7{96;,7:s�<
ú�1ü 36;�O�ú�.ü O�J8gB7BVBJ8E�F�7BJG9Q;�gW0��.V\96g\gB|~I�s�<=I�Z�g?96x�7Bs�<�VB<HI=9QJG5�P,9�O�<=5
F�gBJ8;��,7:s�<#É EK96g\96;�O�367B3Dg\s�9ba �Q9�9�O�36�QVB<H<=P,<=;�7 À u�J8�K0 " Â:0
}�36I�Z��6V\96F�;�O�gtJ8;ª7:s�<;É EU9QgB9Q;ªI=3Q;�O�J8O�367B<lg\36P,n�58<=g�3QVBJ8g\<

xyV\96P P,J8gBJ8O�<H;�7BJG¡�<=Ot�:<H7:g�IH96;�7:3QJG;�J8;��4s�JG�Qs�|Ãú ü 7:V\36I�Z�g?3Q;�O1�p]
IH5GF�gB7B<=V\gW>ÇÊ ö�ý/ý ats�<HVB<,9Q;�<,96x�7:s�<�58<=n�7B96;�g`J8g`;�9Q7�V\<=IH96;�|
g\7:V\F�IH7:<=O�3Q;�O�P,JGP,J8I=g�3l;�<HF�7:V\JG;�9K>%É ö��+ÿ >QZW369Q;�36;�O�n�JG9Q;
O�<=I=3b��g�J8;~��J8�6s�7 À e �futÂB>Q36;�O)IH96g\P,JGIvV\3b��g À 7Bs�<�5G3Q7:7:<HV{7fa�9lJ8;
7Bs�<jP1F�9Q;�I�s�36;�;�<H5N96;�58��Â:0.M�<=7�> e �fuv>�36;�O�I=9QgBP,J8IjVB3b�,E�3QI�Z�|
�QVB9QF�;�O�g�3QVB<�<=g\7:J8P,367:<HOCxyV\96Pr7:s�<tO�3Q7:3�7:9jEK<t5G<HgBg�7Bs�36; ð 0 ë S
IH96PCE�JG;�<=O?0�/ts�< É ö��+ÿ E�36I�Z��QVB9QF�;�O1J8g ð � ñ S Àïð=� ñ S ÂB>W36;�O
7Bs�<*Ê ö ý/ý E�36I�Z��6V\96F�;�O^J8g�ìN0 ì S À�ð 0 ´ é S Â�J8;¾7:s�<­P1F�9Q;
À <=58<=IH7:V\96;?ÂNI�s�36;�;�<H5o>636gp<=g\7:J8P,367:<HO)F�g\JG;��l3lO�<H7:36J858<=O O>8�PR�R��|

)
¡

c¢ (GeV/)
£

ν¤e¥→(W
¦

u§-15 -10 -5 0 5 10 15
¨

)c©

E
ve

n
ts

 / 
(2

 G
eV

/

0

5000

10000

15000

)c¢ (GeV/)
£

ν¤µ→|u| (W
ª0 5 10 15

)c©

E
ve

n
ts

 / 
(G

eV
/

0

5000

�5��{ yU�;|-« MBY�S |1| Z0M­¬�® ®�k0anQ8S8P8ab]0W!S8abX(R�Y�X<P�S8Z!M�M9mbM9l9S8P8X(R�l�Z5T�R0R!M9m
k5T�S�T � N%X<anR,S8Q�¡1T�R0k�Q8anVoW!m7T-S8anX<R � Z0abQ8S8X(c(P�T-V_¡ y �sabc(Z,S |�| Z0M�¯�°¬�¯
k!abQ8S8P8ab]!W!S8abX<R;Y�X<P�S8Z!M�VoW!X<R;l�Z5T-R!R!MBm y�| Z!M V�M�T�R�T-R!k�P y V y Q y X(Y
S8Z!MÇZ0anQ8S8X<c(P�T-V�Q�T-c(P8M9MU]%MBS��OMBM9R�k`T�S�T�T-R!k�Q8abVoW!m7T�S8abX<R5�<�UabS8Z!abRqS8Z!M
Q8S�T�S8abQ8S8abl,T�miN!P8M9l9abQ8abX(R0Q@X<Y²± w;³�y



ì

�:abQ8S8P8ab]!W!S8abX<R [¦]%X<Q8X(R�V_T-Q8Q � ¢�MB} £�¤ ¥ ¡ ´ ¥ £-k!X<Y
µ2¶ � �¸·9�0¡ ��e �%z(�@��� � � ����� ���<z �� ���� � { £ � �
pº¹¶ � ��¡ ��e � � w@� �(� � �������#� � �� ���� {(� £ { d
p�»¶ � ��¡ ��e ��¼(�@� � ¼<� ������� � �j�� ���� {(� £ { d

µ ¶ � ��·9�0¡ ��e ���%z@� � �j� ������� d ¼<�� ���� � z £ � �
p ¹ ¶ � �+¡ ��e � d w@�3{({ � ����� �#� e �� ���� ¼ d(£ { d
p »¶ � �+¡ ��e �(z({@�3{({<� �������#�j{<�� ���� �(� £ { d

|¾½�¿=«TÀ � | �5abSÇP8M9Q8W0mbS8QoT�R!k1W!R0l9M9P8S�T-anR,S8abM9QUY X(P?�*� y�| Z0MÁ�!SO�UanR¸�
k!XÂ�UQfT�P8M { �=Â z eU{OM9}�£�¤ ¥ Y X(P+S8Z!M µ ¶ �!S@T�R0k � d Â � �Ã{OM9} £�¤OY�X<PS8Z!M�p ¹ ¶ T�R!k�p »¶ �!S8Q y�| Z!MÄ´U¥JX<YOS8Z!M��!S�abQ�lBX(V�N0W!S8M9k�W!Q8abR!c�S8Z!M
MAÅ,N%M9l9S8MBk&Q8S�T�S8abQ8S8abl,T-m`M9P8P8X(P8Q?X<R�S8Z!M�k`T�S�T@N%X<abR�S8Q y

E�3QgB<HO!O�<=7B<=I=7B96VCgBJ8P1F�58367BJG9Q;?0�/ts�<�E�36I�Z��QVB9QF�;�O¦gBs�3QnU<Hg13QVB<
96E�7:36J8;�<HO`F�gBJ8;��vg\J8P1F�58367BJG9Q;�3Q;�O`O�3Q7:36|~O�<HVBJ8h6<HO�O�JGg\7:V\JGE�F�7:J896;�gb0

60
Æ

70 80
Ç

90
È

100
0
É

500
Ê

1000

 

/dof = 59 / 48
Ë2Ìχ

TmÍ

νÎµÏ →ÐW 

2 cÑ

2
Ò

cÓ(GeV/    )

E
ve

n
ts

 / 
(0

.5
 G

eV
/  

  )

60
Æ

70
Ô

80
Ç

90
È

100
0
É

500
Ê

1000

1500

 

/dof = 86 / 48
Ë2Ìχ

TmÍ

νÎ e→ÐW 

2 c

2cÓ(GeV/    )

E
ve

n
ts

 / 
(0

.5
 G

eV
/  

  )

�5��{ y���|%| Z!M µ ¶ k!abQ8S8P8ab]!W0S8abX(R\X(Y,S8Z0M:k`T�S�T � N%X(abR,S8Q�¡�T-R!k\S8Z0M+]%MBQ8S(��!S_Q8abVoW!m7T�S8abX(R S8M9V�N!m7T�S8M � Z!abQ8S8X<c(P�T�V#¡1abR!l9mbW0k!abR!c�]`T�lÕ��c<P8X(W0R!k!Q
� Q8Z5T-k!M9k`¡8��Y�X<P�VoW!X(R0Q � S8X<N5¡oT�R0k=M9mbM9l9S8P8X<R!Q � ]%X<S8S8X(V_¡ y&| Z0M;T-P(�
P8XÂ�UQ�anR0k!abl,T-S8M S8Z!M��0S8S8anR0c�P�T-R!c<M y�| Z!M-´Ç¥9£�k0X(YÇY X(P�S8Z!M�MBmnMBl9S8P8X(R
l�Z5T�R0R!M9m:k!abQ8S8P8ab]!W0S8anX<R3P8M9l9M9ab��M9Qqm7T�P8c(M�l9X(R,S8P8ab]!W0S8abX(R!QoY�P8X<V T�Y M9�
]!abR0QJR0M,T�P { �-{OM9} £�¤�¥9���UZ!abl�Z�k!XqR!X(S?]0a�T-Q?S8Z!M�V_T-Q8Q²�0S y

/?3QE�5G<���g\s�9batg�7:s�<�¡�7�V\<=g\F�5G7Bg�xyVB9QP 7:s�<qç�ü À u.J8�K0!éNÂ:>,ú�1 ü >
36;�O*ú�. ü O�JGg\7:V\J8E�F�7:J896;�gW0^/ts�<HgB<�¡�7Bg)36V\<�n�36V\7:J836585G�!F�;�I=9QVBV\<=|
58367:<HO 36;�O¾s�3bh6<�O�J8TK<=V\<=;�7�g\��gB7B<=P,367BJGIªF�;�I=<HVB7B36J8;�7BJG<HgW>�7Bs�F�g
n�V\9bh�JGO�J8;���3Q;�JGP,nK96V\7:36;�74I=V\96g\gB|~I�s�<=I�Z�0{/ts�<l¡�74hW3658F�<=g4ap<HVB<
s�J8O�O�<H;­E���36O�O�JG;���36;ªF�;�Z�;�9bat;­9QTUg\<=74JG;½7:s�<,V\36;��Q<�Æ | Î/ð0ð >
Î/ð0ð È ]­<=�oó Þ @�F�;�7BJG5�7:s�<�36;�3658��g\J8g1a�36gl¡�;�3658JGwH<=O?0ª/ts�<)g\��g\|

Ö ~,Q8S8M9V_T�S8abl [ �û�0�3[ �û�:�3��X(V�V�X(R
p ¶ � [�¡�V�X�k!M9m � � �
× À ��P�T�k!a7T-S8anX<R w<w w d w<w

Ø5T�P8S8X<R�k!abQ8S8P8ab]!W0S8anX<R!Q w<w w<w w<w
« M9N!S8X<R&M9R0M9P8c(~1Q8l,T-mnM � e wX¼ wX¼

« M9N0S8X(R�M9R0M9P8c(~�P8M9Q8X<mbW!S8abX(R z � e
�5M9l9X<abmiM9R0M9P8c(~1Q8l,T-mnM z z z

�sM9lBX(abm�M9R0M9P8c(~�P8M9Q8X<mbW!S8abX(R ¼ ¼ ¼
¬�® ®�MAÙ�l9abM9R!l9~ � w e

« M9N!S8X<R�P8M9V�XÂ�!T�m � � �
¿ T-lC�,c(P8X<W!R0k!Q � z e

| X(S�T�m Q8~,Q8S8M9V_T-S8anl �<z d ¼ d {
| X(S�T�miW!R0l9M9P8S�T�abR,S�~ { d { e d {

|¾½-¿=«=À �8� | Ö ~,Q8S8M9V_T-S8anl1W!R0l9M9P8S�T-anR,S8abM9QqanRÐ¢�MB} £�¤ ¥ Y X(P�S8Z0M µ ¶�!S8Q��j�UZ!abl�Z�T-P8M�S8Z!MqV�X(Q8S�N0P8M9l9abQ8M y\| Z!Mqm�T-Q8S\l9X(mbW0V�R�Q8Z0XÂ�UQ\S8Z!M
l9X(P8P8M9m7T-S8M9kØW0R!l9M9P8S�T-abR�S8abM9Q y�| Z!M�m7T�Q8S P8XÂ�KQ8Z!XÂ�UQ S8Z!M�l9X(Vo]!abR0M9k
Q8S�T�S8abQ8S8abl,T�mÇT�R!k&Q8~�Q8S8MBV_T�S8abl\W!R0l9M9P8S�T-anR,S7~ y

7B<=P,367BJGItF�;�I=<HVB7B36J8;�7BJG<Hg À /.36E�58<t�:�=Âmap<HVB<�<=hW3Q5GF�3Q7:<HODE��C¡�7:7BJG;��
]���<=hQ<=;�7:g.7:94n�VB9Qn�36�Q367B<�7:s�<�n�V\<=h�J896F�g\5G��O�J8gBIHF�g\gB<HO136;�3658��g\J8g
n�36V\36P,<=7B<=V�F�;�IH<=V\7:36J8;�7:J8<=gt7B9;ÑØÒ!0
/ts�<�I=9Q;�g\JGg\7:<H;�I=� 9Qx47Bs�<�¡�7�V\<=g\F�587:g À /.36E�5G<��=Â496E�7:36J8;�<HO

xyV\96P 7:s�<ªO�J8TU<HVB<H;�7�O�J8gB7BVBJ8E�F�7BJG9Q;�g�g\s�9batg)7Bs�367�7:s�<*É EK96|
g\96;­n�VB9�O�F�I=7:J896;.>�O�<=I=3b��>U36;�O½7:s�<Ds�36O�VB9Q;�JGICVB<HI=9QJG5.36V\<1a�<=585G|
P,9�O�<H5G<HO?0�/ts�<­g\7:367BJGg\7:J8I=3Q54IH96V\VB<H5G3Q7:J896;�g À <=hW3Q5GF�3Q7:<HO F�g\JG;��
<H;�g\<=P1E�5G<Hg�96x�]��ª<Hh6<=;�7BgWÂUEK<=7fa�<=<=;,7Bs�<fç ü 3Q;�O�ú�1ü À ú�.ü ÂK¡�7
hW3Q5GF�<Hg�J8g+ì ñ S À ì î¾S ÂB>H36;�O`EK<=7fa�<=<H;`7:s�<Çú�1 ü 3Q;�O�ú�.ü ¡�7�hW3658F�<=g
J8g ´ í S 0�q½<�I=9QP1E�J8;�< À F�g\JG;���7:s�<p}���¥4�­P,<=7Bs�9�O?Â�7:s�<�gBJ8¸�É
EK96g\96;`P,3QgBg�¡�7:g.JG;�IH5GF�O�JG;���365856IH96V\VB<H5G3Q7:J896;�gm7B9v96E�7:36J8;#Ñ�Ò Ú
À�î�ð é Î "�ò�" é cfefgGe?ò�" é cfÚ�cfe Â�]ª<=�qó Þ @�>NatJG7Bs�Û.@ æ O�96x Ú é � î æ ëN0
/ts�<�ç3üp>!ú�1ü 3Q;�O;ú�.ü ¡�7:g�IH96;�7:V\J8E�F�7:<ja�<=J8�6s�7:g�96x î�ðTS > Î ´ S
3Q;�O îTS V\<=g\nU<HI=7:J8h6<H5G��0?/ts�<jP1F�9Q; À <=58<=I=7BVB9Q;?Â?I�s�36;�;�<=5N365896;�<
��J8<=58O�g�Ñ Ò Ú À�î�ð " ë ´�ò ì ð Â�]ª<=�qó Þ @ À Ñ Ò Ú Àïî�ð é�í0í ò ì ´ Â
]­<=�oó Þ @�Â�atJG7BshÛ�@ æ O�96x Ú Î�� é æ=´ À�ð � î æ=´ Â:0�/ts�<\ç�ü À ú�1ü >,ú�.ü Â
¡�7tVB<HgBF�587:g�xyVB9QP 7:s�<1P1F�9Q;�3Q;�O�<=58<=I=7BVB9Q;�I�s�36;�;�<=58gt36V\<�IH96;�|
g\J8gB7B<=;�7�atJG7Bs�3,n�V\96E�36E�J85GJ87f��96x\í S À�Î/î¾S >!é " S ÂB>�7:36Z�J8;��DJG;�7:9
3QI=IH96F�;�7�7:s�<HJGVtIH96V\VB<H5G3Q7:J896;�gb0
�f;­IH96;�IH5GF�gBJ896;?>Ua�<1V\<=nK96V\7�7Bs�<C¡�VBg\74P,<H36g\F�VB<HP,<=;�7�9Qx�7:s�<

É EU9QgB9Q; P,36g\g^xyV\96P � F�; �:�
96xª7Bs�< /.<=hW3Q7:V\96;?>�F�g\JG;��
´ ð�ð n�E � R.36;�O,7:s�<tP1F�9Q;D3Q;�OD<=58<=I=7BVB9Q;CO�<=I=3b�1I�s�36;�;�<=58gW0�q½<
P,<H36g\F�VB<�Ñ Ò Ú Àïî�ð é Î "�ò é î Â�]ª<H�oó Þ @�>K7:s�<DP,9QgB7�n�V\<=I=J8g\<
g\J8;��658<pP,<H36g\F�VB<HP,<=;�7�7:9jO�367B<�>W3Q;�ODap<�F�nKO�367B<t7:s�<�a�96V\5GOC3bh�|
<HVB3Q�6<�Æ ì È 7:9�Ñ�Ò Ú Àïî0ð "�ñ î ò(´ ëNÂ�]ª<H�oó Þ @Q0v/ts�JGgj36;�3658��g\J8g
g\J8�6;�J8¡�I=3Q;�7:58�4J8P,n�VB9bhQ<=g?JG;Cn�VB<HI=J8gBJ896;`9bhQ<=V?n�VB<Hh�JG9QF�g�/.<=hW367BVB9Q;
P,<H36g\F�VB<HP,<=;�7:gb>�;�967�9Q;�5G�`7Bs�V\96F��Qs17:s�<�J8;�IHVB<H36g\<=O1J8;�7:<H�6V\367:<HO
58F�P,J8;�96g\JG7f��E�F�7?3658gB9t7Bs�V\96F��Qs�J8P,n�V\9bh6<=Oj3Q;�3658��gBJ8g�7:<HI�s�;�J8º�F�<=g
3Q;�O)F�;�O�<=V\gB7B36;�O�JG;��196xmg\��g\7:<HP,367:J8I�F�;�I=<HVB7B36J8;�7BJG<HgW0?24gpP,36;��
g\J8P1F�58367BJG9Q;¾n�36V\36P,<=7B<=V\g�36V\<�I=9Q;�gB7BVB3QJG;�<=O¾E��^O�367:3
I=96;�7BVB9Q5
g\36P,n�58<=gb>�7Bs�<=J8V�F�;�I=<=V\7:3QJG;�7BJG<Hgv36V\<jgB7B367:J8g\7:J8I=365�JG;�;�3Q7:F�V\<`36;�O
3QVB<�<=¸�nK<=I=7B<=O�7:9(EK<�V\<=O�F�I=<HO
atJ87:s�PD9QVB<�O�3Q7:3K0!�f;�I=58F�g\JG9Q;
9Qx?9QF�VtV\<=g\F�5G7tJ8;�7:s�<l�65896E�3Q5m<=58<=IH7:V\9bap<H36Z�¡�71Æ ñ�È V\<=O�F�I=<Hgv7:s�<
n�VB<HO�JGIH7:<HO�P,36g\g�96x?7:s�<`d�] ��J8�6�Qg�EU9QgB9Q;�E��_ì�_�<=�qó Þ @ 36;�O
O�<=I=V\<=3QgB<Hg�JG7BgtVB3Q;��6<j7:9�ç�è Ú í/ìdÜ ABA� @BL _�<H�oó Þ @�0



í

q½<47:s�3Q;�ZC7Bs�<�uU<=V\P,JG5836E�g\7:3QT�36;�O)7:s�<�7:<=I�s�;�JGIH365UgB7B36TKg{96x
7:s�<�n�36V\7:J8I=J8n�3Q7:J8;��vJ8;�gB7BJG7BF�7:J896;�g�xy96V�7:s�<HJGV?h�J87:3Q56IH96;�7:V\JGE�F�7:J896;�gb0
/ts�J8g{a�96V\Z1a�36gpgBF�n�nU9QVB7B<=O�E��C7Bs�<�¥,0 d.0 e <=n�3QVB7BP,<=;�7{9QxK�p;�|
<=V\�6�½36;�O � 367BJG9Q;�365pd�I=J8<=;�I=<)uU96F�;�O�367:J896;>Ý�7:s�<��f7:3Q5GJ836; �fg\7:J8|
7:F�7:9 � 36wHJG9Q;�3658<{O�J�u�J8gBJ8I=3 � F�I=58<=36V\<ºÝ�7Bs�<�]ªJ8;�JGg\7:V\�`96x��{O�F�IH36|
7:J896;.>?�.F�587:F�VB<�>�d�nK96V\7:gb>'d�I=J8<=;�IH<l36;�O­/?<HI�s�;�965896�Q�)96x�M�36n�3Q;�Ý
7:s�< � 367BF�VB3Q5�d�I=J8<=;�IH<=gj36;�O­�{;��6J8;�<=<HVBJ8;�� � <=g\<=36V\I�s^�.9QF�;�I=J85
96xj�.36;�3QO�3TÝ�7:s�< � 367BJG9Q;�365�d�IHJG<H;�I=<­�.9QF�;�IHJG5�9Qx{7:s�< � <=n�F�E�|
58JGIj96x��.s�J8;�3TÝ�7Bs�<jd�atJ8gBg � 367:J896;�365md�IHJG<H;�I=<ju�9QF�;�O�3Q7:J896;�Ý�7Bs�<
2D0 z{0Nd�58963Q;½uU96F�;�O�367BJG9Q;�Ým7Bs�<�}�F�;�O�<HgBP,J8;�JGg\7:<HVBJ8F�P x  F�Vl}�JG58|

O�F�;��)F�;�O�u�96V\g\I�s�F�;��K>�_�<HVBP,3Q;��RÝ�7Bs�<li`9QVB<H36;�d�I=J8<=;�IH<l36;�O
�p;��6J8;�<H<=V\JG;��1u�96F�;�O�367BJG9Q;�3Q;�O�7Bs�<ji`96V\<=36; � <=g\<=36V\I�s�u�9QF�;�|
O�367:J896;>Ý�7:s�<�d�I=J8<=;�IH<�36;�O1/?<HI�s�;�965896�Q�vu�3QI=J85GJ87:J8<=g��.96F�;�I=J85636;�O
7Bs�< � 9b�Q365�d�9�I=J8<=7f��>W¥�i7ÝW7Bs�<t�f;�g\7:J87:F�7 � 367BJG9Q;�365'O�<�zps���g\J8º�F�<
� F�I=58<=3QJGV\<�<=7�zps���g\J8º�F�<�O�<=g�z�3QVB7BJGIHF�5G<Hg�óN� ��� d>Ý=7Bs�< � F�gBg\JG3Q;
uU96F�;�O�367BJG9Q;½xy9QV`}�3QgBJ8I � <=g\<=3QVBI�s>Ým7:s�<­�.96P,JGg\J=¤96;¦�f;�7B<=V\P,JG;�|
J8g\7:<=V\J8365jO�< �.JG<H;�I=J83�� /?<HI=;�9Q5G9Q��¤° 3K>�d�n�36J8;�Ý`7Bs�<!�{F�VB9QnU<H36;
�.9QP,P1F�;�J87f� � g���F�P,36; z�967:<H;�7:J8365vzpVB9Q�6V\36P,P,<ºÝ�7:s�<­�{F�VB9Q|
nK<=3Q;��.96P,P,JGg\g\JG9Q;`F�;�O�<HV�7:s�<{]ª3QVBJ8<��.F�V\JG<�zpVB9Q�6V\36P,P,<ºÝ=7:s�<
d�5G9bhW36Z �ßÞ`e 2��Q<=;�IH��Ý�3Q;�O�7:s�<`24I=3QO�<=PC�)96x?u.J8;�5836;�O.0

à wKá LØanS8Z1�,abQ8anS8X<P8QUY�P8X<V�âKã@R!ab��M9P8Q8abS�~�X(Y ½ S8Z!MBR!Q�� w � ¼ � ��½ S8Z!M9R0Q��
{OP8MBM9l9M,�åäæãfR!ab��MBP8Q8anS7~ X<Y ¿ P8abQ8S8X(m7� ¿ P8abQ8S8X(m ¿ Ö � w-|ç« �
ã@R!abS8M9kaè\abR0c(k!X<V_�\éêãfR0an�(M9P8Q8abS�~ « ab]!P8MÐk!M ¿ P8W¸Å�MBmnmbM9Q�� ¿ �
w e%�-e ¿ P8W!Q8Q8M9mbQ�� ¿ MBmnc<abW!V_��ëÂ��X(P8R0M9mbm ã@R!ab��M9P8Q8abS�~��#��S8Z`T�l,T<�
ì²í w�� �<� � ��î�ã@R!ab��M9P8Q8abS7~HX(YØ��~,N!P8W!Q��­ì@anlBX(Q8a7T �Tí²� w<{;¼ �(�
��~,N0P8W!Q���ïCãfR0ab��M9P8Q8abS�~���X(mbmbM9c(M3�+W!]!mbabR5�U�+W!]!mbabR � �`�7P8M9m7T�R!k`�
ð ã@R!ab��M9P8Q8abS�~�X(Y À k!abR,]!W!P8c<Z5� À k!abR,]!W0P8c(Z À�ñ z#�;ò;ó �Tã@R!abS8M9k
è\abR0c(k!X<V_�­ôCã@R!ab��M9P8Q8abS7~ X(Y ñ MBank0M9mb]%M9P8c%�&��� {(z(w d�e ñ M9abk0M9mõ�
]%MBP8c%�~{OM9P8V_T-R�~��höõãfR0an�(M9P8Q8abk5T�kÏ��]%MBP8X%T�V�M9P8abl,T�R`T(�;¢�MGÅ�abl9X
� y � y ��¢�MGÅ�abl9Xj�?÷øã@R!ab��M9P8Q8abS7~ X(Y;¢#T�R0l�Z0M9Q8S8M9P���¢#T-R!l�Z!M9Q8S8MBP
¢ w<�&z Ø « � À R!c<m7T�R!k`�>ù(ì T-c%T�Q�TK�,a+�7R!Q8S8abS8W!S8MqX(Y ½ N!N0mbanMBk Ö l9aõ�
MBR!l9M,�Tì�T�cjT�Q�TÕ�,a7� ò T�N`T�R5��ú ã@R!ab��M9P8Q8abS�~�k!M2ûO�,abM9k!Xj� À � �(� e(e ¼
ûO�,abM9k0X%� Ö N5T-anR`�¸ü�ãfR!ab��MBP8Q8anS7~qX<Y « X<R!k!X<R5� × W!M9M9R�¢#T�P8~���X(mõ�
mbM9c<M,� « X(R0k!X<R5� À�w5� ì Ö � À R!c(m7T-R!k5��ýXã@R!ab��M9P8Q8abS7~�X(Y`�UT�mbabY�X(P8R0a7T
Ö T�R,S�T���P8Wºþ,� Ö T�R,S�T���P8Wºþ,��� ½ z �-e {�� �Ãÿ | MAÅiT-Q | M9l�Z
ãfR0aõ�
�(M9P8Q8abS�~�� « W!]0]%X�lC�i� |���¼(z-� e z ���Gã@R!ab��M9P8Q8abS�~�X<Y��UT�mbabY�X<P8R!a7T(�
�7P8�,anR0M,�/��P8�,abR!M,�0� ½Ïz d {<z;¼ ���7���5�9� � � Ö �/�T�fã@R!ab��M9P8Q8abS�T�Ssk0MU}�TK�
mbM9R0l9a7T(¡8� �%{ e ¼(w }fT�mbM9R0l9a7T(� Ö N5T-anR y

à d á Ö y�«Uy {Om7T�Q8Z!XÂ�o�¸ì@W!l9m y Ø%Z�~,Q y���� � � ¼<z �8w(z<{(w ¡	� Ö y L;MBanR,]%M9P8cj�
Ø%Z,~,Q y �5M9� y�« MBS8S y�
�� � w d {�� �8w(z<{;¼ ¡	� ½�y Ö T-m7T�V_� ï?àáÊ�Õ4Ê�Å�ó
ÇyÓ�äBÏ,Í�ÓWä:ÇyÈ©Ð�àáÊ�×KÎWÊ�ËWäBÏ�.DÞ�Ê�àáÓWÇyÈ©ñ�È8Æ:ÇyÈ8Ð=�?ä¨ËWÉ�Ø�ÆjÓWÅQÔ�Ò�Å�ÓWàáÏ=ÇyÈ©Ð�ó
È8ÇyÏ õ©æpËWß�Ê�à{Ö�Ï=Õ{Ø6ËWÆ�È©É�Õ æ{Ë�
tôBö �OM9k!abS8M9kØ]�~�ì y Ö �jT-P8S8Z!X(mbV
� ½ mbV��,��abQ8SoT-R!k&LØa �,Q8M9mbm7� Ö S8X�lC�,Z0X(mbV_¡8��N y��({X¼ �8w(z({ �(¡ y

à �Ká L y ��¢ y í�T-X Ê�Ç�Ó�à�
 � ò�y Ø%Z,~,Q y {������ w�� d-e(e { ¡ y
à �Xá Ö yTñ M9abR0M9V�M9~�MBP Ê�ÇvÓWà�
 � ò�y¾ñ abc(Z À R0M9P8c(~"Ø%Z,~,Q y�������� �se%�(d
� d-e(e { ¡ y

à � á Ö y Ö l�Z5T-M9m Ê�Ç�ÓWà�
 � ½²«TÀ Ø ñ ��X<mnm7T-]%X(P�T�S8abX<R5¡8� À W!P y Ø%Z,~�Q yºò�y �
��� � � e zJ� d�e<e { ¡	�º{ yC½ ]!]!abM9R0k!a Ê�Ç�Ó�à�
 � û Ø ½²« ��X(mbm7T�]%X(P�T-S8abX(R5¡8�À W!P y Ø�Z,~,Q y ò�y � ��� � � e ¼o� d�e<e { ¡	� Ø y`½ l�Z5T�P8k Ê�ÇmÓ�à�
 � «Ç� ��X(mõ�
m7T-]%X(P�T�S8abX<R5¡8� À W0P y Ø%Z,~,Q y�ò�y � ��� ��� {<z�� d�e<e { ¡	� ò�y�½ ]%k`T�mbm7T�ZÊ�Ç?ÓWà�
 � � À�« Ø ñ ����X(mbm7T�]%X(P�T-S8abX(R5¡8�jS8X�]%M\Q8W0]!V�abS8S8M9k&S8X À W0P y
Ø%Z,~,Q y ò(y � y

à {Ká�«=À Ø ��X(mbm7T�]%X(P�T-S8abX(R!QDT-R!k «=À Ø À mbM9l9S8P8XÂ�:M,TÕ� L�X(P(�,abR!c
{OP8X<W!N`�i� À �Rì²�CØ ñ � À Ø+£(d�e<e { �Ãe � d<�`T�R0k&P8M9Y M9P8M9R!lBM9Q@S8Z0M9P8M9abR y

à ¼KáJ|oy�½�� X<mbk!M9P Ê�ÇNÓWà�
 � �U�:����X(mbm7T�]%X(P�T-S8abX(R5¡8��Ø%Z,~�Q y �5M9� y � � � �
ej�(d-e(e w � d-e(e w ¡	��} y ¢ y�½ ]5TÕþBX�� Ê�Ç�ÓWà�
 � ��� ��X(mbm7T�]%X(P�T-S8abX(R5¡8�
Ø%Z,~,Q y �5M9� y � ��� ��e w d�e(e w_� d�e(ejd(¡	� ¿Çy�½ ]0]%X(S8S Ê�Ç{ÓWà�
 � ���
��X<mbm�T-]%X(P�T-S8anX<R5¡8��Ø%Z,~�Q y �5M9� y � ��� ��e z d-e(e {�� d-e(e(ej¡	� ¿Çy�½ ]¸�
]%X<S8S Ê�Ç�ÓWà�
 � ������X(mbm7T�]%X<P�T�S8abX(R`¡8�=Ø%Z,~�Q y �sM9� y � � � �(e z d-e(e �

�8w<z(z �<¡	�O} y ¢ yT½ ]5TKþ9XÂ� Ê�ÇtÓWà�
 � �U�:� T-R!kÐ��� ��X(mbm7T�]%X(P�TK�
S8abX(R0Q�¡8�TØ%Z,~�Q y �5M9� y � � � ��e z d-e(ej� � d-e(e � ¡ yà � á �U�:��W0Q8M9QoTUl9~,mnabR0k!P8abl,T�m l9X�X<P8k!abR5T-S8M�Q8~,Q8S8M9VHabR��UZ0abl�Z�� �! ¡
abQoS8Z!M�N%X<m�T-P � TKþ9abVqW0S8Z5T-m�¡�T-R!c(mbM,�#"�abQ�S8Z!M P�T�k0abW!Q�Y�P8X<V S8Z!M
R0X(V�abR5T-m%]%M,T�V�mnabR0M,�%T�R0k%$'&\N%X<anR,S8Q�T�mbX(R0cqS8Z0MJN0P8X(S8X<R1]%M�T�V
T-R!k\abQTþ9MBP8X�T-S�S8Z0M+lBM9R,S8M9PiX<Y,S8Z!Msk!M9S8MBl9S8X(P y�| Z0M:N0Q8M9W!k0X(P�T-N!abkº�
abS�~�anQ:k!MA�0R!M9k�T-Q'( v Â�mbR à S�T�R � ����d(¡ á7y;À R0M9P8c(~ � V�X(V�MBR�S8W0V_¡
S8P�T-R!Q8��M9P8Q8M\S8X�S8Z!M�]%M,T-VKabQ@k0M9R!X<S8M9k�T-Q²� ¶ � p ¶ ¡ yà zÕáU|oyX½ T�mbS8X(R0M9R Ê�ÇNÓWà�
 � �U�+����X<mnm7T-]%X(P�T�S8abX<R5¡8��S8X\]%M?Q8W!]!V�anS8S8MBk
S8X~Ø%Z,~,Q y �5M9� y � y

à w e á û y Ö S8M9mõþ9MBP(�B��Z0abmnS8X<R5� Ø%Z y � y S8Z0M9Q8abQ��=ãfR0an�(M9P8Q8abS�~_X(Y | X(P8X(R,S8Xj�
d-e(e%�)�0� y }+X(mbmbP�T�S8Z5� Ø%Z y � y S8Z!M9Q8abQ�� È©ß�È©Ô � d�e<e {(y

à w<wÕáU|oy¸½*� X(mbk!MBP Ê�Ç.ÓWà�
 ��ìfW!lBm y ��R0Q8S8P8W!V y ¢�M9S8Z0X�k!QÄØ�Z,~,Q y �5M9Q y�½
� ��� ��d �%z � d�e<e � ¡ yà w d á � y�½ ]%M Ê�ÇKÓWà�
 � �U�:����X<mnm7T-]%X(P�T�S8abX<R5¡8�;ìfW0l9m y �7R!Q8S8P8W0V y ¢�M9S8Zº�
X�k0Q�Ø%Z,~�Q y �5M9Q y�½+� � 
 � � � ¼ �8w(z �(�(¡ yà w<�Õáç½�y=¿ ~(X(Rº��L�T�c(R0M9P Ê�Ç.ÓWà�
 �,� À�À�ÀØ| P�T-R!Q y ìfW!lBm y Ö lBa y � � �id(� {;¼
� d-e(e%d<¡ y

à w-�;á { yT½ Q8l9X(mba Ê�ÇtÓWà�
 �Tì@W!l9m y �7R!Q8S8P8W0V y ¢�M9S8Z0X�k!QhØ%Z,~,Q y �sMBQ yT½
����� � �<���8w(z �(�(¡ y

à w � áç½�y } y è\X(S���T�m7� ñ�y è y {OMBP8]%M9P8abl�Z`�:T-R!k�� y ñ T8~,Q���ìfW0l9m y �7Rº�
Q8S8P8W0V y ¢�MBS8Z!X�k!Q�Ø%Z,~�Q y �5M9Q y�½ � ��� � w(w e � d�e<e � ¡ yà w<{Õá � y¸¿ T�m7TÕþBQ\T�R0k_� y �CØ y í:W`T�R`�¸Ø%Z,~�Q y �5M9� y � � � �j�(�<�(� �8w<z(z;¼ ¡	�
{ yX½�y`« T�k0anR0Q(�,~#T�R0k_� y �CØ y í:W`T�R5�dØ%Z�~,Q y �sM9� y � � � �j� � d �(z
�8w<z(z�� ¡	�i� y « T-R!k!P8~��s� y�¿ P8X�lÕ����Ø y ¢ y ì T�k0X(mbQ(�,~�T�R0k�� y �CØ y
í+W5T-R5��Ø�Z,~,Q y �sM9� y � � � ��e ¼<� e w({�� d�e<e � ¡ y

à wX¼Õá ã y ¿ T�W!P�� Ö y è\M9mbmbM9P��iT�R!k;� y L�T-lC�(M9P8X(S8Z`� Ø%Z,~,Q y �5M9� y � � � �
e w(� e<e%d �8w(z<z �<¡ y

à w � á � y ¢ y �UT�P8mbX(R0aq�UT�m7T�V�M��Á{ y ¢�X(R,S�T-c(R5T<�²û y ìfabl9P8X(Q8abR0a��JT�R0k
¢ y,| P8M9l9l,T-R!a7�TØ%Z,~,Q y �5M9� y � y���� ��e �;¼<� e w1� d-e(e � ¡ y

à w<zÕáßò�y Ø%W!V�N!mbabR Ê�Ç�ÓWà�
 � ò(yCñ abc(Z À R!M9P8c<~?Ø�Z,~,Q y)����� � �9e w d � d-e(e%d<¡ yà d-e á � y�¿ P8W!R&T�R0k�� y �UT-P8V�abR5T-S8a��0� À ��ì4Ø�P8X<c(P�T-V « ab]!P�T-P8~ « X(R0c
L�P8anS8MBW!N5��L �-e w(� � w<z(z(� � W0R!N0W!]!mbabQ8Z!MBk5¡8����M9P8Q8abX(R �(ybw � y

à d wÕáU| Z0MoW0R!k0M9P8mb~�abR0c�M9��M9R,SUP8M9Y M9P8QfS8X S8Z0M\Q8N%M9l9S�T-S8X(PJN5T�P8S8X<R3T�R0k
T-k!k!abS8abX(R`T�m+abR!M9m7T�Q8S8abl�rp(p1abR,S8M9P�T�lBS8anX<R!Q\S8Z`T�S�N0P8X�k!W!lBM�mbXÂ� p ¶N`T�P8S8abl9mbM9QJP8X(W!c<Z!mb~1W!R!abY X(P8V�mb~1anR�N!Z`T�Q8M\Q8N5T-l9M y

à d<d áç«Çy�« ~�X(R0Q�� � y {Oan]`T�W0S��1T-R!kaØ y ��mba � X(P8k`� ì@W!l9m y ��R0Q8S8P8W!V y
¢�M9S8Z0X�k!QÄØ�Z,~,Q y �sMBQ y�½,� � � � w(w e �8w<z �<�(¡ y


