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dN/dx Pseudo-Photons and Component Spectra

0.20 0.45 0.70 0.95 1.20
Xγ

1

101

102

103

104

105

N

<4s continuum data

Pseudo-Photons π0

Pseudo-Photons η

Pseudo-Photons ω

Pseudo-Photons η,


)7��kbj� � � +  - R>����><3h�.6���Rd<�Rd���'.��R � ���9NQ���������'W:;<����= - lP�� - <���ho=.<�R Jº��= - <�� + lP�3:@2'/3=.<��P��� + <���=E:;� + �<
.6��T<3l + �9=.J3���SlQ��AC<s4 � V � � D � - �P:9AB� +.- J3��NP6�<3�<�� + NQ��:;�=@��R bq7 � -  - �3A + .����T=@�3� - �� - <��g:;<����= - lP�� - <�� + ��=@�M��<3
- ��:9Ax������� b

� ����� ��' 
��
��� �%���� ���
o��%mEa�a�l%z{Äja�mEa�dN�[��a ���%c�l%b	¤1a�mEaB�%bEa�l¿��cqbW�%�}��m�t����[¯%bWa��%l%c�|ú¯%�%ce�WcTd%bAted%l cT�C��tez�d×�W�%a � È 0�� É '

$%$%+ f � È È�� É1' $%$%+ ted%l � È/. � É1' $%$%+ bE¯ja����Wm�tC^½³´d¾���%a2Ç%mWbE��f#¤�a×�Ta�d%a�mWt���a×¯CbWa��Cl%c�|´¯C�%ce��ced%b
��cTm�t�s�sÆa��Ta�dN��b��Rte¶�a�dHt��_�W�(t�����a�dN��a�m8|´c��u|´��tebWb_a�d%a�mE�e�T^½o��%z{b�¯%mWc���a�l%�%mWa2¤z{s�s1te����cT�%dN�1��cTm_�%te�R¶T|
�TmEcT�%d%l/¯C�%ce��ced%b2��ce��� ��mEcT� ���%aó��cTdN��z{d«�%�%�¿fteb¢¤1a�s�sAteb2mEa�bEcTd(ted%��aa��ea�dN��b×��te¶ea�d�t��×t<�ez{�Ta�d
��a�dN��a�m~|´c��u|ú�¢t�bWb�a�dCa�mW���Tf(�%c�¤1a��Ta�m�z��	¤z�s{s:d%ce�[t�����ce�%dN�"��cem	z�d%z���z�tesjb8�Rt��Wa>m�telCzut��Wz�cTd2¯C�%ce��ced%b�f%¤�%z{�R�
temEaObW�C�C��mWte���Wa�l �%bWz{d%� ��ced«�Waqy	temEs�c¢bEz��_�Csut��Wz�cTd%bc�����cTdN��z{d��C�%�ü³8i}� a��ea�dN��b�fYd%cTmE�¢tes{z�£�a�l��Wc2cT�%m
��c��Rtesja��Ta�dN�AbWte�µ¯%s�a�^ � s{�Wa�mEd(t���a�s{�ef}¤1a>a À}¯%s�z{��z���s{�µbE�%�C��mWte�����W�%a>�µa�tebE�%mWa�l¿¯C�%ce��ced¿bE¯ja����WmW�%� ��mEcT�
��ced«�Wz�d«�%�%� a��ea�dN��b�fÆ¤�%z{�R�ðz��µ¯%s�z{��z���s{�óz�d%��s��%lCa�b_��ce���<³8iC� tebB¤�a�s�s	t�b_�(tel%mEcTd%z{� |´lCa���t��<¯%�%ce�WcTd%b�f
ted%l �%bEa>���%a>¯%bEa��%lCc�|´¯%�Cce��cTd¿bW¯�a�� ��mE�%� ��cq�µc}lCa�s:ced%s{�µ���%a�mEa�bWced(tedN�[l%z�mEa����	¯%�%ce�WcTd �(te�R¶«�TmWce�%d%l
l%�%aB��c2�(t�l%mWcTdCz��OlCa���t���b È ��y�º ³8iC���«Éã^j�©a�tel%l%z���z{cTd(tes{s{�2�CbWa�l½tedóa À}¯jced%a�dN��z�tesL¯%tem�te�µa��WmWz{£�t��Wz�cTd
c��*���%a��(t��R¶��emWcT�%dClteb[t���mEcTbWb~|´�R�%a��R¶¿c��LcT�Cm[dCcTd}|´lCz�mWa����¯%�Cce��cTd a�bE��z{�¢t���ae^
¹Lz{�T�%mWa J bE�%c�¤b���%a©z�d%��s��%bEz{�ea�� È 0 i%É¿¯%�Cce��cTd7l%z�b8��mWz{�%�C�Wz�cTd�¤z{�W�7���%a©l%z{Äja�mEa�dN�a�bE�Wz���t���a�l

0�S




)7��kb}� � � +  - R>����?<3h{.6��?Rd<�Rd���'.��R ���9NQ���������'tNQ�9=@:;���'.��/3�k<3h + 6�<K4H�9= + N�=.<�����:;���Ll'U�� °�� + ���� °�� + �3���
� °� � + .6���tNP� +.+ ���S<���= + 6�<K4H�9= + ��AC��:; - <�� � l_� + ���S<��g� + �3RdNPAC��<3hOXTR - AxA - <�� � � :;<��' - ������R �9J3���' + b

�(te�R¶«�TmEcT�%d%lÞ��cTdN��mEz��%�C�Wz�cTdCb È d%cTd}|úmWa�bEcTd(tedN�>mWtel%z�t���z��Ta�¯%�%ce�WcTd%b�fSted%lód%cTd}|úmWa�bEcTd(tedN��t�d%lómEa�bWced(tedN�
�(telCmWcTd%z{�¢l%a���t��¾¯C�%ce��ced%bRÉBc��ea�mWs�tez�l:^ � �¼�Wa�m_bE�%�C�Wm�te� ��z�dC�ó���%a�bWa×bEcT�%mW��a�b�f�¤�%t���mWa��¢t�z�d%a�l¾c������Ca
z�dC��s��CbWz{�ea,� È 0 i%ÉÆbW¯�a����WmW�%� ¤�tebz�lCa�dN��z�Ç(a�l¿teb	�W�%a�l%z�mEa����	¯%�%ce�WcTd�bE¯ja����WmW�%�¿f � È 0�� É ' $p$%+ ^�¹�z���|
�%mEa�b �Oted%l 0�S bW�Cc�¤��W�%a���cTmWmEa�bW¯�cTd%lCz�d%�B¯%s�ce�Wb ��cemÆ�W�%aF� È È i%ÉÆt�d%l�� È/. i%ÉÆl(t��RtCf�ted%l2tes�bEcBz{d%l%z���t���a
���Caµ��te�TdCz{���Cl%a_c��Æ���%aq��tebW��tel%aqbW�%�}��m�t�����z{cTd l%�%a���c×�Wm�ted%bEz{�Wz�cTd%b�c��1�W�%a��´��¯ja_� È È iCÉo' � È 0 iCÉ~Å_f
� È 0 iCÉo' + $%$ ^ �©aó�CbWa���%mWmEa�dN��s��H��te�%�%s�t���a�lH��tes��Ca�b_��cem�� È È iCÉo' � È 0 i%É~Åü��c©l%a��Wa�mW�µz�dCa����Ca
��te�Td%z����%l%a×c��A�W�%z�b���cTmWmEa����Wz�cTd��[��cTdN��aóy	temWs{c bWz��O�%sut��Wz�cTdCbOc��[���%a¿¯%mEz���temE�©��tebE��telCa�¯%mEc}��a�bEbWa�b�f
z�dC��s��Cl%z�d%��� È È iCÉo' W3W � È 0 i%É È �%bWz{d%�2tq�1tedM@ È�0�A l%z�b8��mEz��%�C�Wz�cTd���cTm���%aBl%z�¯Cz�cTd��¢tebEbAlCz�bE�WmWz{�%�C��z{cTdDÉ
ted%l^� È È iCÉo' � ~ + � � ~ ' + � È 0 i%É�temWa��%bEa�l¿��cµtel�»E�%b8�A�W�%a�bW�(t�¯jaxc���ce�%m���a�tebW�CmWa�l}� È 0 i%ÉU' + $%$
l%z{mWa�� �	¯%�Cce��cTd¢bW¯�a����WmW�%� ��cx���(t���a À}¯�a����Wa�l���cTmÆ���%aA��tebE��tel%a>bE�%�C�Wm�te� ��z�ced2z�d�cTmWl%a�m1�Wc�te����cT�%dN� ��cTm
���CaObW�Cz �¼��a�ló¶«z�dCa���t���z{�xa�d%l%¯�cTz�dN��ted%lÞ]'ce¯%¯%s�a�mbW�µa�temEz�d%�µc����W�%aOl(t��%�T�N��a�mF� È 0 iCÉl%z{mWa����A¯%�%ce�WcTd
bW¯�a�� ��mE�%��^

0*0




)7��kbY� � � ��/���AB��=k� -B+ �= - lP�� - <���<3ht.6�� - ��:9AB� +@- J3�>NP6�<3�<�� + hr=.<�R :;<��� - �'���PRa�P��.�0:;<�R>NP��=.��� 4 - .6!<���=
N + ���P��< � NP6�<3�<��L� +  - R>���� � lP� + ���L<�� -B+ < + N - � - �'J���= - �3��:;� � hr<3= + 6�<K4H�9= + 4 - .6��P��� ��� ����� �3�P� - ��:9Ax��� - ��/k�
�1<����� � ��=@AC< � lP� + ���S� +  - R>����M<3h�.6�� 7 D�F lP�3:.2�/3=.<������ b*� <3=ER>�3A -C� �� - <�� -B+ ��l + <�AB���� b

��%� ��� ������� �� �n���	� � ������
�� �%� �p���Q���t	
º'�%bWa�mE��z�dC�x�W�(t��Æ���%a[¯%�%ce�WcTd¢bE¯ja����WmW�%�+bWa�a��µbÆ�WcBlCa�bW��mWz{�ja�ted�aãÀ}¯jcTdCa�dN��z�tesDcT�C��bEz�l%a���CaAbEz��Td(t�s�f

¤1a¢t��E��a���¯C�Wa�l½��c¿�R�%a��R¶ cT�%m�l%a�mWz��Ta�l<�%m�tedC�R�%z�d%����m�t�����z{cTd%b�te�Ttez�d%b8�����%aµ�%m�t�d%�R�%z�dC�-��mWte���Wz�cTd cT�}|
�Rt�z�d%a�lO¤�%a�d�¤1a	bWz{��¯Cs{�>Ç%���W�%a��%te�R¶«�TmWcT�Cd%l���c>tedOa À}¯jced%a�dN��z�tes�fez�dB�W�%a	�µcT�µa�dN���%��mEa��Tz{��a1�ja�s�c�¤
���Ca2bWz{�Td(tes È ��cT�µ¯(temWz{d%���W�%a¢mEa�bE�%s{�Wb_cT�C��tez�d%a�l ��mWce� ÇC�W��z{d%� SQPnÈ ��s � � S�P . ��có�W�%cTbWa¢cT�C�Rt�z�d%a�l
�%bEz�d%� S�P . � s � � S�P � É f!tedCl½�W�%a�d½a À���mWte¯�cTsut��Wa_��c×���CaµmEa��Tz{cTd S�P � � s � ^ � �W�%z�mEl ÇC�>¤	tebxl%cTdCa
z�d©¤�%z��R�ð���Ca×cT�%bWa�mE�ea�lP¯%�%ce�WcTdðbW¯�a�� ��mW�C� ¤�teb1��mWa�a�s{�½Ç%�_�Wc tedða À}¯�cTd%a�dN�Wzutes1�(te�R¶«�TmWce�%d%lç¯%s��Cb
t l%z�mEa����8|´¯%�Cce��cTdçbEz��Td(t�s���c�l%a�s È ¹Lz{a�s�lçcTm��xi%É fLm�t��W�%a�mq���(t�dHd%cemW��tes�z{£�z�dC�óc��Ta�m2tÞ¯%mWaã|´bE¯ja���z{Ç%a�l
s%|´z{dN��a�m8��tes�^ó¹Lz��T�CmWa 0 0 bW�%c�¤b_�W�(t��_�W�%z�bB¯%mWc���a�l%�%mWa×bWt���z{bU�±te� ��cTmEz�s��ÞmWa�¯%mWc�l%�%��a�b���ced«�Wz�d«�%�%� l(t���t
��a�s�c�¤H���%aY� È>� i%É�mEa�bWced(ted%��aef}�ea�mEz �¼��z�d%�>�W�(t��Æz{�Æ��t�d���aA�CbWa�lµ��cx�Ta�dCa�m�t���aAtxmEcT�%�T��a�bE�Wz���t���a�c��:���Ca

0�È



<Υ(4S) Continuum Check

0.20 0.45 0.70 0.95 1.20
Xγ

1

101

102

103

104

105

N

inclusive <Υ(4S)

resonant hadronic PP

MC ISR

MC ISR+PP


)7��kb 
 � � <�RdNP��= -B+ <��d<3h + :9�3AB��� � � + NQ��:;�=@�W4 - .6>f4H<e� +  - R>���� + <3h�N_6�<3�<��>lP�3:@2'/3=@<������ � <3l�.� - ������� +.- ��/
lQ��AC<K4 � V � � D � ����.� b

�(te�R¶«�TmEcT�%d%lCb�^

� �
	 �('�� � ���
�©a�a�bE��z{�¢t���a_D � �N�½a À���mWte¯jcesut��Wz�d%�×���Ca¢cT�%bEa�m8�Ta�lð¯C�%ce��ced<bW¯�a�� ��mE�%� lCc�¤d©��c&s � � S ^¿i�z�d%��a

¤1aµ�%t��ea�Ç(d%z{�Wa_mWa�bWcTs{�C��z{cTdSf:ted%l bWz{d%��a_�W�%a�¯%�%ce�WcTd}|�Ç(d%l%z{d%�×a��µ��z{a�d%� �Þz�b���cT�µa�dN�W�%�q|úl%a�¯�a�dCl%a�dN��f
�´¤1c½¯CmWc���a�lC�%mWa�b��¢t��½�ja¢�%bWa�lç�WcÞ��cT�µ¯(temEa�¤z����ð�µc}l%a�s�b�^Þ¥#z{���Ca�m�tó�µz��em�t��Wz�cTd}|ú�¢t���mWzhÀ��tedð��a
l%a ��a�mE��z{d%a�l ��mEcT� ��ced«�WaHy	temWs{c bWz��O�%sut��Wz�cTdCb���c a�bE�Wz���t���a¾�W�%að�%z�d�|ú��c�|´�%z{d bW�µa�temEz�d%�CfB¤z{�W�5t
��t���mEz�À«|´�%dQ��cTs�l%z{d%� ��a��R�Cd%z�Á«�%a½�%bWa�l �Wcð���%a�dX��cT��¯%temWaó¤z�����¯%mEa�l%z{����z{cTdSf[cTm2���CaÞ��c�l%a�s���ted���a
Ç(mEbE�Aa��µ��z{a�d%� �«|´t��W�Wa�d«�(t��Wa�l È tebAt����%dC����z{cTd¿c��L�µcT�µa�dN���C�2Éãf%���%a�dóbW�µa�t�mWa�l¿�N� ���%a�a À}¯�a�mEz��µa�dN�Rtes
mWa�bWcTs{�C��z{cTdSf(��c���cT�µ¯(temEaB¤z������W�%aOl%t��RtC^��©aO�(t��ea]��cTs�s{c�¤�a�l����CaOsut��W��a�m¯%mWc���a�l%�%mWa�f��(cNt���z�dC��cTdCs{�

0 .



π0 invmass pseudo-photons vs. data
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Υ(1S)→ggγ Soto/Garcia Fit (CO ISR, all 1S data)

0.20 0.45 0.70 0.95 1.20
Xγ

0

1000

2000

3000

4000

N

background subtracted data

modified soto/garcia fit


)7��kb X � � 
 - ��<dlP�3:.2�/3=.<����P� + ��l��=E�3:;����S����.�L� V �YXKD � �P��.� �E� � +.- ��/e�;y�NPA - : - H:;<��' - ������R·����.� + ��l��=@�3: �
 - <�� b 	 - =@��:; + NQ��:;�=@��R jP#� +.- ��/ � ��=@: - � � D�<3�<�Rd<�����A b

�W�%a�¯(temEa�dN�>mWa�bWcTd%ted%��a�b�fY¤�%z{�R�©t�mWa_d%a���a�bWb�t�mE� ��cTm'lCa���a�mW�µz�d%z{d%� H 242G2Bteb'¤1a�s{s�tebA���%a���te��|d%z����%lCaBc������%ax��t�bW��t�l%aObE�%�C��mWte���Wz�cTdCb�^�o��%ax��tebE��telCa_bW�%�}��m�t�����z{cTd¿a�mWmEcTmWb[z�dC��s��Cl%a�bE�Rt���z�b8��z{��tes
�%dC��a�m8�Rtez{dN��z�a�b�z�d ���%aq�%mWted%�R�%z{d%�-��mWte���Wz�cTdCbxc��	Ã[¯%bWz{s�cTd½mWa�bWcTd(t�d%��a�bBz{d«�Wc¿Ç%d(tes#bE��t���a�bBc����%a�m
�W�(ted . |ú�Ts��%cedOtedCl $p$%+ ���W�%a�bEa�a�mEmWcTmEb#temWa�tebWbEa�bEbWa�lµ�N�_bE�%z �¼�Wz�d%��tes�s«mWa�s�a �et�d«��l%a���t��B�%mWted%�R�%z{d%�
��mWte���Wz�cTd%b��N� R 0 � ^

È ^�`	t��R¶��emWcT�%dCl d%cTmW��tes{z�£�t���z�cedðted%l/�%te�R¶«�TmWcT�Cd%l bW�(t�¯ja��%d%��a�mE��tez�dN�´�HtemWa�a���tes{�(t���a�lìmEa�l%�%d�|
l(t�d«�Ws{� t�b ��cTs�s{c�¤b B

�©a�l%a ��a�mE��z{d%a���%aA�%m�tedC�R�%z�d%� ��m�te� ��z�ced%b#¤z{���¢ted%l¢¤z����%ce�C�	t�d¢a À}¯%s{z���z{� W °��ea���c�ced����Ca
�(t��R¶��emWcT�%dClS^

�©aO�µa�tebE�%mWax���%a_z{dN��a�mEd(tes!��ced%bWz{bE��a�d%���óc��#cT�CmAmEa�bW�Cs{��b��%bWz{d%�¢l%z�Ä:a�mWa�d«��bW�%��|´b�t���¯%s{a�bAc��
cT�Cm"� È 0 i%Éãf È È i%É	t�d%l È>. i%É�bWte��¯Cs�a�b�^
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�W�%a_�¿cTdN��aOy	temWs{cµz{l%a�dN�Wz{Ç(a�ló�R�(temE�Ta�l�¯%z�ced �Wm�te�R¶«b�^ � �¼�Wa�m[bW�%�C�Wm�te� ��z{d%�µ�W�%ax¯%bWa��%l%c�|ú¯%�%ce�WcTd
bE¯ja�����mE�%� ��mWcT�=�W�%a����%s�sÆ��ced«�Wa×y	temEs�c¿¯%�%ce�WcTd<bE¯ja����WmW�%�¿f�¤1a���ted¾��cT��¯%temWaqcT�%mx¯%bEa��%l%c�|
¯%�Cce��cTd¢ted%l�³8iC��|úbW�%�}��m�t�����a�l¢bE¯ja�����mE�%�+¤z{���q���CaA¶«d%c�¤d2bE¯ja�����mE�%� ���(t��1¤�teb��ea�d%a�m�t��Wa�l2t�b
z{d%¯%�C�A��c¢�W�%aq��cTdN�Waqy	temWs{c¢l%a ��a�����cem'bWz{�_�%sut���z�cedS^[¹DcemA���Ca�� È 0 i%Éãf3� È È i%É fjted%l � È>. i%Éãf�¤1a
cT�CbWa�m8�Ta���m�te� ��z{cTd(tes%lCa���zut��Wz�cTdCb#c�� !p�C^ � � f�! L ^ j � f«t�d%l N �C^ 0�� �ja �´¤�a�a�d¢�W�%az�d%¯%�}��bW¯�a����WmW�%�
tedCl����CaO¯%bEa��%l%c�|´¯%�%c���cTd�%te�R¶«�TmWcT�Cd%l}|´bE�%�C�Wm�te� ��a�lÞbE¯ja����WmW�%�¿^o�cµ���%aBa À���a�d«�����(t��[���CaOz�dCz�|
�Wzutes�bE�Rt���aqm�telCzut��Wz�cTda�bE�Wz���t���aqtedCl �W�%aq¯%�%ce�WcTd}|�Ç(d%l%z{d%� a��µ��z{a�d%� �½temWa�cT�}�Rtez{d%a�l ��mWce�ü���Ca
bWte��a_��cTdN��a�y	temWs{c¢bWz{�_�%s�t���z{cTd%b�f(�W�%z�bA¯%mWc���a�l%�%mWaOz�b���tez{d%s{� t��R�%a��R¶�c���cT�%mA�Ta�d%a�m�t��Wz�cTdóc��
�W�%a�¯%bWa��%l%c�|ú¯%�%ce�WcTd��%te�R¶«�TmWcT�Cd%ltedCl¿�W�%a���cTmEmWa�s�t���z{cTd2c�� W °l%a���t��¿ted%�Ts{a'¤z{��� a�����z�a�d%���e^
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0.20 0.45 0.70 0.95 1.20
Xγ

0

500

1000

1500

N

background subtracted data

modified soto/garcia fit


)7��kb X � � 
 - ��<dlP�3:.2�/3=.<����P� + ��l��=E�3:;����S����.�L� V � � D � �P��.� �E� � +.- ��/e�;y�NPA - : - H:;<��' - ������R·����.� + ��l��=@�3: �
 - <��S�3���G�;y�NPA - : -  + ��l��=@�3:; - <��I<3h V �YXKD � �3��� V � � D � :9� + :9�3���T:;<��'�= - lP�� - <�� + b 	 - =.��:; + NQ��:;�=@�PR jPO� +.- ��/
� ��=@: - � � D�<3�<�Rd<�����A b

�©a'a À���mWte�����W�%a'l%z{mWa�����¯%�Cce��cTd×�Cm�ted%�R�Cz�d%� ��mWte���Wz�cTd%b1�%bWz{d%�qt �Dt�� W ° B W ~ z�bEcTbW¯%z{d2m�t���z�c
c�� S ^ L f(��ce��¯(t�mWa�l×�Wcµ�W�%a W ° B W ~½mWt���z{c��(tebWa�lócTdó��cTdN�WaOy	t�mWs�cqbEz��_�%s�t���z{cTd%b�fCz�dC��s��Cl%z�d%�_tes�s
cT�Cm*a �Ta�d«��bWa�s�a�����z{cTdBted%lx�R�(temW�ea�lB�Wm�te�R¶«z{d%�[ted%lx�R�(temW�ea�lO¯%temE�Wz���s{a�z�lCa�dN��z�Ç(��t��Wz�cTd�b8�}b8��a��¢t��Wz���b
È ` S ^ L . fD¹�z��T�%mEa È É

�©a[��cT�µ¯(temWa1���%a�%mWted%�R�%z{d%�F��m�te� ��z�ced%b#�(tebEa�lµcTdµt�lCz�mWa�������cTdN��z�d«�%�C� l(t���t�bE�%�C�Wm�te� ��z�ced
È z�d%��s��%l%z{d%�µ³8iC��É���b�^>t×�¿cTdN��aqy	temEs�c�bWz��O�%sut��Wa�l¿³8iC� bE¯ja����WmW�%� bW�%�}��m�t�����z{cTdSf�¤�%z��R�mEa�s{z�a�b
cTd����%aB¯%bWa��%l%c�|ú¯%�%ce�WcTdÞ�Ta�dCa�m�t���cTm��c2bEz��_�Csut��Wa��W�%a_��cTdN��mWz{�%�C�Wz�cTd���mWcT� ��cTdN��z�d«�%�C� lCa���t���b
c�� W °�f � f �
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º'�%m×�%d%��a�m8�Rtez{d«�´�ìz�d/�W�%aÞ�¢t��Td%z{�W�%l%ac��x�W�%aÞ��ced«�Wz�d«�%�%� bW�%�}��m�t�����z{cTd�z�b2lC�%a��cçcT�%m
�%dC��a�m8�Rtez{dN�´�×z�d2�W�%a>cTd}|úmWa�bEcTd(tedC��a>��b�^�ceÄD|´mWa�bWcTd%ted%��a>s{�%�µz�d%cTbEz{�´�µbW��tes�z{d%� È � 0�� f(t��%bWcTs{�C��a�É ^
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z{d%�<���Ca��cTdCbWz�b8��a�d%���ìc���cT�%m�l(t��Rt½��cðt¾�Tz��Ta�d/��c�l%a�s È a�z{�W�%a�m¢¹Lz�a�s�lHcTm×��temW��zut�|~i}ce�Wc«É_�«�
Ç%�E��z{d%�ÞcT�%mql(t���tÞz�d¾�´¤1c©l%z{bE�Wz�d%� �q¯%�%ce�WcTdç��cT�µa�dN�W�%� z{d«�Wa�m8�et�s�b È S�P � L�� s � � SQP � L ��b�^
S�P � L�� s � � S�P � L É fÆtedClHt�s�bWcÞ�N�<z�z¼É���cT�µ¯(temEz�d%��W�%a×mWa�bW�%s���b�cT�}�Rtez{d%a�l���mEcT� Ç%�Wb_��cÞ���Ca
¹Lz{a�s{l¢�µc}l%a�s�¤z����×mEa�bW�Cs{��b�cT�C�Rt�z�d%a�l���mWcT�+���Ca�Ç%��b1��c_���Ca��xt�mW��z�t�|8i�ce��cx��c�l%a�sjc��Ta�m	���%a ���%s�s
Ç%�E��a�l�s � z�dN�Wa�mE��tes²^ È �<aA���%mEmWa�dN�Ws{��tebWbE�%�µa[�W�%a'p>cTs{s�a�m~|ú�<tes�bE�q¯%mWa�bW��mEz�¯C�Wz�cTd���cTm����%a�ted%�T�Csutem
l%z{bE�WmWz��C�C��z{cTdçz�bµ��cTmEmWa�� ��ftedCl/tebEbWz��edìd%c©bE��bE�Wa���t���z{��a�mWmWcem ��cTm�t©¯�cTbEbWz��Cs�a ��cTmEmWa�bW¯�cTd%l%z{d%�
�%dC��a�m8�Rtez{dN�´�T^ Éqo��%a�z{mWmWa�l%�%��z��%s{a��µc}l%a�s�|úl%a�¯�a�d%lCa�d%��a>a�mWmEcTm	z{b	¯%mWa�bWa�d«�Wa�lóteb	���%a>s�tebE�	a�mWmEcTm	z{d
cT�Cm�Á��Cce��a�ló�%mWted%�R�%z{d%�1��m�te� ��z�cedS^
·[ce��a[���(t��1��temWz�t���z{cTd�c��Y���%a[Ç%�	mEa��Tz{cTd×tes{bWcO¯CmWcT��a�b��W�%a��Cd%��a�mE�Rt�z�dN�´�¢lC�%a���cOa��Ta�dN�bWa�s{a�� ��z�ced
mEa�Á«�%z�mEa��µa�dN��b�^���cTb8�#z��µ¯�cTmE��tedN��z{b��W�%a��µz�d%z{�_�%� �R�%temW�Ta�l_��mWte�R¶B�O�%s{�Wz�¯%s{z���z��´�'mEa�Á«�%z�mEa��µa�dN��f
¤�%z{�R��z{b�z�d%��mWa�t�bWz�dC�Ts{�BbWz{�Td%z{Ç%��tedN�Æteb s � ' 0 tedClµ�W�%a[t���tez{sute�Cs�a	¯%�%tebWabW¯%te��a���cTm��(tel%mEcTd%z{£�t�|
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z{bLbW�C�%bE��tedN��zut�s�s{��s{a�bEb�bWa�d%bWz���z{�ea���c�bW�%�R�q¯%�(t�bWa	bE¯(te��a�a Ä:a����Wb�^�o��%a���cTd%bEz�bE�Wa�d%� �_c��(�W�%a���te�T�Ta�l
� È 0 i%É�ted(t�s{��bWz{b È bEa�d%bEz{�Wz{�Ta_�Wc�� È 0 iCÉA�R�(temE�Ta�l �_�%s���z{¯%s�z{��z{�Wz�a�b�� È É'ted%l���Ca_l%z�mEa�� ��ted(tes���bWz�b
tes{bWcqs�z{��z���b����%a���te�Td%z����%lCa>c����W�%z�b�b8��bE��a��¢t���z���a�mWmWcem�^

o�te�%s�aµ³ ¬ bE�%�µ�¢temEz�£�a�b����%a�¯jce�Wa�dN��z�tes#bE��b8��a���t��Wz��¢a�mWmEcTmWbBbE���Cl%z�a�l¾z�d½���%z{bOted%tes{��bWz{bOt�d%l<���Ca�z�m
a�b8��z{�¢t��Wa�l a�Äja�� �[cTd^D � ^

� � ��� �%��� ���Q���]�g������� � �t���Q� � �p� � ' � � � �

o�te�%s�a ¬ ��cT�µ¯(temEa�bO�W�%a×mWa�bW�%s���b�c�����Cz�bqted(t�s{��bWz{bO¤z{�W�¾���%cTbEa×cT�C��tez�d%a�lð�N�ð¯%mWa ��z�cT�%b�aãÀ}¯ja�mWz�|
�µa�dN��bz�d2¤�Cz��R� ���%a>cT�CbWa�m8�Ta�lód«�%�_��a�mc�� � È 0�� É ' $p$%+ a��ea�dN��b¤�a�mWaxl%a��Wa�mE��z{d%a�l �%bEz�d%�q¹Lz{a�s{l3ewb
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���Ca�cTmEa���z{��tes:��c�l%a�s:cTd%s{�e^

� � � � �p� �
�©aO�(t��Ta�mEa |ú��a�tebW�%mEa�ló�W�%a�� È 0 i%Éo' + $p$ V � È 0 i%Éo' $%$%$ �%mWted%�R�%z{d%����mWte���Wz�cTd È D � Éãf:cT�}�Rtez{d%z�d%�

te�TmEa�a���a�d«��¤z{�W�/¯%mWa ��z�cT�%b¢mWa�bE�%s{�Wb�^7�©aÞtes{bWc©�(t��TaÞ��tel%a�Ç%mWbE�2��a�tebW�%mEa��µa�dN��b¢c��,D � È È i%É�t�d%l
D � È>. i%É ^�º'�%mmEa�bW�Cs{��bAtemEaef(¤z{�W�%z�d a�mEmWcTmEb�fD��ced%bWz{bE��a�dN�A¤z���� ���%axd(tez��Taxa À}¯ja�����t���z{cTd¿�W�(t�� D � È 0 i%É `
D � È È i%É ` D � È/. iCÉ f�tes{�W�%cT�%�T�����%t��La�Á«�(tes�z��´��l%c�a�bLdCce�L�CcTs�l,��cTm*�W�%a�mEa���a�dN�Æy	�!¥Æº �µa�t�bW�%mEa��µa�dN��b�c��
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����.� b �{�3Ax��� + <3l�.� - �����I� +.- ��/M�3�I�;y�NQ<������' - �3A_NP��=@�3Rd�9�= -B� �� - <��G6���J3�W6��3� + U + ���R>�� - :,�9=.=.<3= + �r=.� �_��:; - ��/
+ ��� +@-  - J - fU>�<k=.�9/ - <��S:@6�< + ���gho<3= + :9�3AC�T��<3=@R>�3A -C� �� - <���<3h��;y�NQ<������' - �3Az<��� +.- ����.6��,NQ����2�=.�9/ - <�� � hr<3=�.6 -B+
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� ��� ��,b�� ��R>�� - ����	��
 ��������� <�ABAx��l bC�N� 6'U + b Ft�9J b � ���Q� �YX �3���3�Eb
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