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RZ[fU�Mgd �ch �Zijij�Fh Ie[kW�XZY	KNIeXZlm]nElpo�lelLHqMg[\KrRZ],KNTM

YSMgsaEIeY0MPHJMP[\KNb�]nRjYrKNT�MVO�MPtjY0MPM�RZ]
U�RFduKNRjY�RZ]v^*TILleRjb0RjWT\`QIL[w^*T\`cbSILdPb
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{ TMrb	KNEOF`|RZ]�KSTM�KSYNXZ[b0ILKSIeRj[VYSMgtjIeRj[}Ie[|KSTM�O�MPbSdgYSILW�KNILRj[~RZ]�M;�FdPleE�bSIL�ZM�WYSRcdPMgbSb0MPb�XZ[O|T�XZOY0Rj[
b0KSYSEduKNEY0M h ]nY0RjH�KSTM~[aEdgleMPRZ[F��HJMPb0Rj[�OMPtZYSMPMgb6RZ]�]nYSMgMPORjH�Ie[fHqMgbSRj[F��Mu�Fd�T�XZ[�tjM�HqRcOMPlLb�X�K
leR���MP[�MPYSt�`~KNR�KSTM�saE�XZYS�j��tjleERZ[�OMPtjY0MPMgb%R�]�]nY0MPMgORjH�IL[�W9���rU�X�K*TILtjT�MP[MgYStZ` h IebvMgbSbSMg[\KNI�X�l
]nRjY6Eb�KNRkE[�OMPY0b0K�X�[O�KSTMqb	KNY0Rj[tkIe[\KNMgYNXZduKNILRj[�� { TM�OIL�mMPY0MP[\KNIeXZlvdgYSRjb0b}b0MPdgKSIeRj[�HJM�XZb0EYSM;�
HJMP[\KNb6]nRjY6M;��dgleEb0IL�ZMqY0M�XZduKNIeRZ[b�X�K6o��FMPO�dPMg[aKSMPY.��RZ]���H�XZb0b�XZ[tjlLMPb6Mg[�XZGlLMJE�b�KSRkIe[\�jMgb0KNILt\X�KSM
KNT�M�dPRZ[b0KSILKNE�MP[\K�dPRZE[\KNIe[�t�YSElLM h ��TIed�T�M;��W�leIedgILKSlL`�dgRj[[MgdgKNb}KNTM�saE�X�YS�j��tjlLERj[�OMPtjY0MPMgb~RZ]
]nYSMgMPORZH@KNR�KNT�MVMg[MPY0tZ`kOMgWmMg[OMP[�dPM|R�]_OIp� MgYSMg[aKSI�XZl dPYSRZbSb�bSMgdgKNILRj[bg�

�j  XZG¢¡_�FWmMgYSIeHJMP[\K�¡%£�¤���¥ i ¤���XZb�dPXZYSY0IeMPO/RjE�KqIe[§¦�XZlel�¨���ILKNT©K���R(T�IetjT©YSMPb0RjleEFKNIeRZ[
bSW�MPduKNY0RjHqMuKNMgYSbP��ª�K6IL[dPlLEOMgOfKNTM�dgRjIe[�dPIeO�MP[dgM~dPY0RjbSb�b0MPduKNIeRZ[�HqMPXZbSEY0MPHJMP[\K6]nRjY5KNTM|«�¬�
®_¯\° WY0RFdgMPb0br��ILKNT�X~OMgE�KNMgYSILEH±KNXZYStjMuK5XZ[O�KSTM6bSIL[tjleMgb�HqMPXZbSE�YSMPHJMP[\K�]nRjY"KNTM�« °  ®�² ¬
WY0RFdgMPbSbV��ILKST(XkTa`cOY0RjtjMg[(K�XZY0tjMgKP� { TM�E�[aKNXZtjtjMgO³Y0M�XZl�WTR�KNRj[bV��MgYSMqtjMP[MgYNX�KSMPO(G\`'KNT�M
MPlLMPduKNYSRZ[�G�M�X�H@IeHJWIL[tjIe[�t|Rj[�X~dPRZWWmMgY�YNXZOIeX�KNRZYP� { T�MVW�TRZKNRZ[�Mg[MPY0tjIeMgb�YNXZ[tZMPOQ]nYSRjH�¥j�p¥
KNRw´F�µ´k¶�Mu· h dgRjYSY0MPbSW�Rj[O�Ie[tQKNRQKSTM�dPMP[\KSMPY	��RZ]���HqXZb0b6MP[MgYStjILMPb6]nYSRjH¸¥j�µ¹�KSR � �º¤f¶6Mg·~� { TM
WILRj['dPMP[\KSMPY	��RZ]���HqXZb0b}X�[tjleMgb6��MgYSM�o��FMPO(X�K~´ ij»Ph ¹ ij»Ph £ ij»gh X�[O³X�lebSR'¥ iZij»Ph ¥j¥ ij» X�K}X�]nMg�
MP[�MPYStZIeMPbg�

{ TM �j  XZGw¡�£Z¤��N¥ i ¤�O�X�KNXJWY0MPb0MP[\KNMgO�Ie[kKNTILb�KNTMgbSIeb�dgRj[\K�XZIL[�]nRjE�Y5IL[\KNMPY0MPb	KNIe[�tJ]nMPX�KNEY0MPbg�
{ TMJO�X�KNXkM;�FTIeGIpKVXQtjleRjGXZl_b0d�XZlLIe[tkG�MPT�X��cIeRjY�]nRZY6GmRZKST ®¼¯ X�[O ®B² W�TRZKNRZWYSRcOEduKNIeRZ[�X�K
TILtjT�Mg[MPY0tjIeMgb�XZ[O�T�IetjT�KSYNXZ[�b0�jMgYSb0M6HqRjHJMP[\KNX h dgRj[b0Ieb0KSMP[\Kr��IpKNT�KSTM�dgRj[b0KSILKSEMP[\K�dgRjE[\KNIL[t
YSE�leMqXZ[O³KSTM�M;��ILb0KSIe[t ® ² WTR�KNRjWY0RFO�EdgKSIeRj[�O�X�K�XF� { TILb|ILHqWlLIeMgb�KNT�X�KVKNT�M�saE�XZYS�j��tjleERZ[
OMgtjYSMgMPb�R�]�]nYSMgMPORjH½b	K�XZY	K"KSR|WleX�`JX}YSRZleM5X�K�KNTILb"Mg[MPY0tZ`JbSdPXZleM�� { TM�OX�K�XVbSEtjtZMPb0K�WmRZbSbSILGleM
bSE�Gb0KSYSEduKNEY0MJR�]*KNTM~b0d�XZlLIe[tqGmMgT�X��cIeRjY h ��TILd�T�HqILtjT\K�G�M~Rjb0dPIelLl�X�KSIeRj[�b�X�YSRjE[�OfKNTM|bSd�X�leIe[�t
��XZleE�MZ� { TMgYSM�XZYSM5bSMu�jMPYSXZl�WmRjb0bSILGleM�HJMPd�T�XZ[�IebSHJb�KNT�X�K%dPXZ[�dPXZEbSM�RjbSdgIelLl�X�KSIeRj[b h ]nRjY�Mu��XZHJWlLM
KNT�M�Rj[M�X�bSbSRcdPIeX�KNMgO§��ILKST§KNTM�tZMP[MgYNXZlLIe¾PMgO§dPRZ[b0KSILKNE�MP[\KkdPRjE�[aKSIe[t³YSElLM�Ie[\�jRZlL�cIe[t�saE�XZYS�
RjY0GILKNXZl\XZ[tZEl�XZYBHJRjHJMP[\KNE�Hw� { TM%O�X�KNX5b0TR��¿XZ[VMP[T�X�[dPMgHqMg[aK¼Ie[�KNT�M%b0d�XZlLMPO}dPYSRZbSb,bSMPduKNILRj[
X�K,dPMg[\KNMPY.��RZ]���H�X�bSb,MP[MgYStZ`�[MPXZY � � � ¶6Mg· h ��T�MPYSM"G�XZY	`jRj[}YSMPb0Rj[�XZ[�dPMPb_XZYSM%[RZK¼XZb��"MPlela�a[R���[
XZb�KNT�RjbSMVX�K5leR��8MP[MgYStjILMPbg� { T�M}OIp� MgYSMg[aKSI�XZl dPYSRZbSb5bSMPduKNILRj[wYSX�KNILRjb�]nRjY�M;�FdPleE�bSIL�ZMV«�¬f ® ¯ °
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G�XZb0MPOwRj[kRj[Mu��T�XZY0OF��tjlLERj[F��Mu�Fd�T�XZ[�tjM6OI�X�tjYNXZHJb�X�K�T�IetjTkMP[�MPYStZIeMPbg�

{ TMgbSIeb�DFEW�MPY	�cIebSRZY	��¦�X�IL`\X�[�¶�XZR
{ ILKSleM
�v¨�b0bSRcdPI�X�KNMV^*YSRZ]nMgbSbSRZY
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{ TILb5KSTMPb0Ieb5dPRjElLOw[�Mg�jMgY�T�X��ZM|G�MPMP[wdPRjHJWlLMgKNMgO���IpKNTRZE�K�KNTMVTMPlLWwR�]vHqXZ[\`kWmMgRjWleMVXZ[�Ofª
�"RjEleO�leIL�ZM�KSRqM;�FWYSMgbSb5H|`QM�X�YS[Mgb0K�XZWWY0MPdPIeX�KNILRj[�KNR���XZYSO�b�X�lel�RZ],KNT�MPH��

� IeY0b0K5RZ]�X�lel h ªrbSIL[dPMgYSMPlp`kKNT�XZ[��QH|`kYSMgbSM�X�YSd�T'XZO��cILbSRjY5¦�X�IL`\X�[�¶�XZR h ��TR�W�YSR��cIeOMgOfHJM
��ILKST�dPRZ[b0KNXZ[\KrMP[�dPRjEYSXZtjMgHqMg[aK�XZ[O�tjE�IeO�XZ[�dPM�G�RZKST�Ie[qYSMPb0M�XZY0d�T�XZ[O�IL[�leIp]nMZ�¼ª�XZOHJIeYSM5TMgY
MP[\KSTcE�bSI�X�bSH XZ[O�OMg�ZRZKNILRj[�KSR ��XZY0Ob|TMgYV�"RjY0� h XZb���Mglel%XZbVTMPY���Ieb0ORjH XZ[O�Ie[b0IetjT\KVIe[\KSR
WT\`cbSILdPbP�%¨�b�X~b0EdPdgMPb0b0]nEl���RZH�XZ[QIL[QWT\`cbSIedgb h b0TM�Ieb�X~Y0RjleM�HJRcOMPl�]nRjYrHJMZ�*ª�]nMPMPl leEd��\`�KSR
G�MVT�MPY�b0KSEOMP[\KP�

� M;�FK h ª�KST�XZ[�fXZlel�KNT�M � Mg�mMPYSb0Rj[   X�G�� �j  XZG
	�b	K�X��mb�� KNMPd�T�[IedgI�XZ[b�]nRZY�WYSR��cIeO�Ie[t�T�IetjTF�
saE�XZlLILK�`kG�M�XZH XZ[�OftjRcRFO���RZYS�aIe[tqMP[\�cIeY0Rj[HJMP[\K���ª�KST�XZ[��¦�X�lelB¨ ¡�£Z¤���¥ i ¤JdPRZlel�X�GmRjYSX�KNILRj[
HJMPH~G�MPY0b�]nRjY�KNTMgIeYBdgRj[\KNYSILGE�KSIeRj[b�KSR�KNTILbBMu�FWmMgYSILHqMg[aK h MPbSW�MPdgI�XZlLlL`��RjtjO�X�[���R��	KSbSMP�aTR���b0�cI h
� I�X�[F�.^*Ie[�t(��TMg[ h DFdPR�K�DFWILMPtjMgl h�� RjG�MPY0K��wILd�T�XZMPlLb h � Iel�X�[t\X   Ip`\XZ[XZtjM h U6X��ZM��wMPMg�aIe[b h
U�RjEtZl�XZb�¦5IetjIL[cG�RZKST�XZH h ¨�YSE�[¢D�XZTX h � RjT�[   MPY0RjbSM h ¡*O � RjlpKNb�XZ[O©¦�X�lel�¨ leMPXZOMPY��6MPMgb
OM � XZtjMgYqX�K �j  XZG h�� R�`¿¦5RjlLK h � RjT�[©¨�YSYSIL[tZKSRj[ h �6Y0IebST�[I���I��0MgbSRcRjYSIp`\X h ¡*l�XZIL[M�DFd�TaElLKSM
XZ[Ok^¼XZEl � MgIeHJMPY"X�Kr¨�YStjRj[�[M � X�KNIeRZ[�XZl   XZG h�� Rj[k¶6IelLH�X�[ h�� IeXZRFO�Rj[t � IeXZ[t|XZ[O���X�KSTa`
�wd���RjYSHJIed���X�K � EFKNtjMgYSb ��[Ip�jMPY0bSIpK�` h!� I�XZRcd�T�XZR#" TMP[�t�XZ[O���l�XZEO�M���ILleleIeXZHJbSRj[�X�b}�"MPlel
XZbk¦�XZIL`jXZ[8¶VXZR%$ºb�Y0MPb0M�XZY0d�T tjY0RjEW�X�K&�fX�bSbNX�d�TcE�bSMgK0KNbwª�[b0KSILKNEFKNM�RZ] { Mgd�T[RjlLRjtZ`'�(�wª { 	 h
�fXZY0IeEbw��RjHqXZ[8XZ[O ^¼MgKSM)�fX�YS�ZR���IpKN¾�X�K � leRjY0IeO�X(ª�[\KSMPYS[X�KNILRj[�XZl��5[IL�ZMPYSb0ILK�`Z�*�RjtjOXZ[
��R��	KNb0MP�aTR���bS�aI�Wl�X�`jMgOJX�leM�X�OIe[t�YSRjlLM�Ie[�W�YSMPWXZYSIL[t�XZlelaKNT�M�OMgKSMPdgKSRjYSb*]nRjY¼KNTM�M;��W�MPY0IeHJMP[\K,+
DFdgRZK"DFWILMPtjMgl�OILO~KNTMrKSMPd�T[ILd�XZl�"RjY0�|RZ]mXZb0bSMPH|GleIL[t�XZ[�XZMgYSRjtjMglOMuKNMPduKNRjY-+ � I�XZ[F��^*Ie[t���T�MP[
tjEILOMPOJHJM5IL[\KNR�KNTM�YSMgbSMPXZYSd�T�lLIL]nM�X�K �j  XZG.+ � R `J¦5RjlLK���MPW�K�X}dgleRjb0M�Mg`jM�Rj[�KNTM5Mu�FW�MPYSILHqMg[\K
XZ[OwWYSR��cIeO�MPOfY0MPtjE�l�XZY5XZ[O�b0KSIeH~E�l�X�KSIe[t�b0EtjtjMgb0KNILRj[bg��¦�XZIp`\XZ[f¶VX�R�$ºb�Y0MPbSMPXZYSd�T�tZYSRjEWk��XZb
MPb0bSMg[aKSI�XZl�IL[©X�dPdPRZHqWlLIeb0TIe[t�KSTMkMu�FW�MPYSILHqMg[\K���WmRjb	KNORcdgKSRjYNX�l�XZbSb0RFdgI�X�KSM�¦�Rj[t � IeXZ[t'OILO
XZ[�Mu�FdPMglelLMP[\K/�0RjGkIe[kdPRcRjYSO�Ie[�X�KSIe[t}KNTM6��TRjlLM�dPRjlLl�XZG�RjYNX�KNIeRZ[�XZ[OkKNMgd�T[ILdPI�X�[b h IL[wX�OOILKSIeRj[
KNRJXZb0bSMgH~GleIL[t�OMuKNMPduKNRjY0b5XZ[O�XZ[�XZlp`c¾PIe[�t�O�X�K�X0+WmRZb0KNO�RFduKNRjYSXZlBXZb0bSRcdPI�X�KNM6U�ILW�XZ[tj��XZYrU�E�KSKNX
TMgleW�MPO/KSYSMPHJMP[�ORjEb0lL`�Ie[©GmRZKST§Rj[lLIe[M�XZ[�O§R21JIe[MwO�X�KNX³XZ[�X�lL`cbSILb�G�XZb0MPO§RZ[§TIebJ]nRjYSHJMPY
Mu�FW�MPY0IeMP[�dPMPb}XZ[O�saEIed��fleM�X�YS[IL[tkXZGILleILKSIeMgb3+.�³XZ[t � E�OIeO�KSTM�dPYSE�dPI�X�l_��RZYS��Rj[�bSR�] K��rXZY0M
G\`kK�XZILleRjY0Ie[t~KSTM|b0IeH~EleX�KNILRj[QWY0RjtjYNX�H4���r¡�¡%^8XZ[OwMg�jMg[\K6OMPdgRFO�Ie[tqWYSRjtZYNXZH ¡%D�^�¨5�r¡



�

]nRjY�KSTIeb�M;�FWmMgYSIeHJMP[\K3+ � MP[t � IeRj[t�X�lebSR�W�YSR��cIeOMgO}ILHqW�RjY0KNXZ[\KBXZb0bSILb0K�X�[dPM*KNR�KSTIebBM;��W�MPY0IeHJMP[\K��
ª��"RjElLO³XZlLbSRQKNTXZ[��HqXZ[\`fKNT�MPRjY0Ieb0KSb6]nRjY6KNTMgIeY6TMgleW�]nEl*dPXZledgEl�X�KNIeRZ[b6XZ[O�b0KSIeH~E�l�X�KSIe[t

OILbSdPE�bSbSILRj[b � � RjGmMgY0K ��IeYSIL[t\X5XZ[O�¦�XZY0KSH~E�KST~¨�Y0MP[T��R��jMPl�Rj[|KNT�MrHqRZHqMg[aKSEH OIeb	KNY0IeGE�KSIeRj[
RZ]�KSTMQ[MPEFKNYSRZ[�Ie[³KSTM�OMgE�KNMgYSRj[�K�X�YStjMuK h ^_X�[��X � � XZIe[(RZ[(KNTM�[aEdgleMPXZY|KNYSXZ[b0W�XZYSMg[dg`³RZ]
OMgE�KNMgYSRj[ h ª�tjRjYJDaKNYNX��ZR��cbS�\`¿Rj[�KNTM�Dc¨�ª.U����w¨�ª.U�HJRcOMPl�XZ[O¿G�XZY	`jRj[�YSMgbSRj[�X�[dPMgb h X�[O
¦�X�[a�"MP[f¦�E�X�[tqRZ[kKSTM������	��
���������������

�����	��
����������� ���
YSX�KNILR�

ª�[�YSMgt\XZYSO~KSR�KNT�M�KNTMgbSILbvILKSbSMPlp] h ª�KST�XZ[��KNTMgbSILbvdPRjHJHJILKSKSMPM%HqMgH~G�MPYSb h ��IelLleIeXZH4U�Rj[�[MPlLlL`
XZ[O � E[M��fX�KSKSTMg��bvX�K ��ª { h ]nRjY�b	KNIeH|El�X�KSIe[t�dgRjHqHJMP[\KSbP�,¨�leb0R h ªmKNT�XZ[�� � I�XZ[F��^*Ie[t���TMP[ h
U�RjEtZl�XZb�¦5IetjIL[cG�RZKST�XZH¸XZ[O/MgbSW�MPdgI�XZlLlL`¿��leXZEOM���ILleleIeXZHJbSRj[³]nRZY�d�XZY0Mg]nEl�YSMPXZOIL[t�R�]�KNT�M
KNT�MPbSILb5XZ[O�TMPlLW�]nEl�b0EtjtjMgb0KNILRj[b�Rj[kKNTMgbSILb���Y0ILKSIe[t�

  XZb0K6G�E�K6[RZK�leM�X�b0K h ª�KNT�XZ[��wH|`wMP[\KSIeYSM}] XZHqILlL`kMgbSW�MPdPIeXZlelp`kH|`wTcE�bSG�XZ[�O ��Ie[���E h ]nRZY
leR��ZM"X�[O}b0EWW�RjY0KP�¼ª���RZEleO}XZleb0R�KNT�XZ[���KNTM*]nMgleleR���b0KSEOMP[\KSbvXZ[O6]nY0IeMP[�Ob,X�K �wª { � � I�X�RFd�T�X�R
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��E�XZ[\KNE�H ��TYSRZHqR\U�`c[�X�HqILdPb � �V�rU�	�ILbBdPEY0YSMP[\KSlL`�KSTM*]nE[O�XZHJMP[\KNXZljKNTMgRjY0`�]nRjYBOMPb0dPY0IeGIL[t
KNT�M�b0KSYSRj[�t~Ie[\KNMgYNXZduKNILRj[ h GE�K�ILK"Ieb%[RZK�X�HqMg[�XZGlLM5KSR~XZ[�X�lL`aKNILd�XZl9bSRZleE�KSIeRj[bg� { TMgYSMu]nRjYSM�b0RjHJM
O�`c[�XZHJIedPXZlHJRFO�MPleb_RjYvKNTMgRjYSILMPb�T�X��jM�KSR}G�M�OMg�ZMPlLRjWmMgO�� �wMgbSRj[F��Mu�Fd�T�XZ[�tjM�HJRFO�MPleb_Ie[�KNMgYSHJb
RZ]*KSTM�[aEdPlLMPRj[F��HqMgbSRj[�O�MPtjY0MPMPb6R�]*]nYSMPMgORjH YSMPW�YSRcOEdPM~KSTM~[aEdgleM�X�Y�WT\`cbSIedgb�O�X�K�XJ��MglelvX�K
leR��½Mg[MPY0tZ` h XZ[O�WmMgY0KNE�YSG�X�KSIL�ZMQ���rU � W��V�rU�	�IL[�KNMgYSHJb}R�]�KNT�M�saE�XZY0�\��tjleE�Rj[�O�MPtjY0MPMPb}RZ]
]nYSMgMPORZH b0EdPdgMPMgOb�Ie[qMu�FWl�X�Ie[IL[t}HqXZ[\`�Mu�FW�MPY0IeHJMP[\KNb�X�K�TILtjTJMP[MgYStZ`Z� "E�KrlLILKSKSleM�ILb"�a[R���[
XZG�RjE�K*KSTM�KNYNX�[bSIpKNIeRZ[�GmMuK���MgMP[qKSTMPb0M5K��"RVYSMPtZIeRj[bg� { MPb0KSIe[t6KSTM�dPRj[b	KNIpKNEMg[aK%dgRjE[\KNIL[t�YSElLM
]nRjY_KSTMrM;��dgleEb0IL�ZM5Y0M�XZduKNILRj[bvILb_Rj[Mr��X�`|KSR6b0KNE�O�`~KNT�M�KNYSXZ[bSIpKNILRj[~RZ]9KNT�MrbSEG�[cE�dPleMPXZY�OMPtZYSMPMgb
RZ],]nYSMgMPORjH��

{ TMVdPRj[b	KNIpKNEMg[aK�dPRZE[\KNIe[�tJY0EleM6Mgb0KNXZGleILbSTMgb�X�OILYSMgdgK5dPRj[�[MPduKNIeRZ[wG�MgK��"MPMg[wKNT�M}saE�XZY0�j�
tjlLERj[�OMPtjY0MPMgb�RZ]_]nY0MPMgORjH�XZ[O�KNTM}MP[MgYStZ`�OMgWmMg[OMP[�dPM~RZ]_KNTMVOIL�mMPY0MP[\KNIeXZl�dPY0RjbSb�bSMPduKNILRj[
X�KVo��FMPO(dgMP[\KNMgY	��RZ]���HqXZbSb|XZ[tjlLMPbg� { TIebVYSElLMJ��XZbVo�YSb	K~OMgYSIL�ZMPO³]nY0RjH-bSILHqW�leM�OILHqMg[bSILRj[�XZl
dPRZE[\KNIe[�t  ¥ h �Fhv� � XZ[O(��XZb�l�X�KNMPY}dPRj[Fo�YSHJMPO�IL[¿X�bSTRjY	K0��OIeb	K�XZ[dgM�W9���rU XZWWY0R\XZd�T  ¤ � �
ª�K~ILb|dgRj[bSILb0KSMP[\K~��ILKST(HqXZ[\`�M;�FdPleE�bSIL�ZM�HJM�XZb0EYSMgHqMg[aKSb  ��h ¹ h V h £ � ��¦5R �"Mg�ZMPY h KSTMPY0MQXZY0M
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b0KSIelLl*bSRjHJM�WE¾P¾gleMgbP� { TIebVYSE�leM�GmMgtjIe[�bVKSR�XZtjY0MPM���ILKST�M;��W�MPY0IeHJMP[\K�X�l%OX�K�XwX�KVMP[MgYStjILMPb~X�b
leR�� X�b�¥Q¶6Mg·  V � h ��TMPY0M�XZb~W��V�rU±Ieb|[�RZK|M;�FWmMgdgKNMgO(KNR�G�M��ZX�leIeO�X�K}bSEd�T�lLR��½MP[MgYStjILMPbg�
¨�lLbSR h KNTM�T�XZOY0Rj[zTMPlLIedPIpK�`¢dPRZ[bSMgY0��X�KNILRj[zYSElLM h XZ[�RZKNTMgYwRZE�KNdgRjHqM'RZ]}KNTM�bNX�HqM'W9���rU
]nYNX�HqMu��RjY0� h ORcMPbJ[RZKqXZtjY0MPMk��ILKST©O�X�K�X'Ie[¿KNTMkbNX�HqM�MP[MgYStZ`�X�[O/HJRjHJMP[\KNEH¸KNYNX�[b0]nMgY
YSMgtjIeRZ[  ¥ iFh ¥j¥ � � { TM�WY0Mg�cIeRZEbSlp`�IetZ[RjYSMgO�W�XZY	KNRj['RjY0GILKNXZl_X�[tjEleXZY�HJRjHqMg[\KNEH�bSMgMPHJb�KSR
G�MwMgbSbSMg[\KNI�X�l5KSR�M;��W�l�XZIL[�KSTMwTXZOYSRZ[©TMgleILdPILK�`([Rj[dgRj[bSMgY0��X�KSIeRj[/XZ[O�RZKNTMgYqW�RjleXZYSIL¾�X�KSIeRj[
HJM�XZb0EYSMgHqMg[aKSb  ¥ �Fh ¥ � � �vª�[QX�OOILKSIeRj[ h KNTMgYSM�X�YSM5bSRjHJM�X�[RjHqXZleILMPb*G�Mg`jRZ[O�KNTM5dPRZ[b0KSILKNE�MP[\K
dPRZE[\KNIe[�tJY0EleM6IL[QKNTM�Mu�cKSMP[b0IL�jMglL`kb	KNEOILMPO °j° bSd�X�KSKNMgYSIL[t�WYSRcdPMgbSb  ¥�¤ h ¥ ´ h ¥ � � �

DFIe[�tjleM�d�TXZYStjMgOwW�IeRj[QWT�RZKNRjW�YSRcOEdgKSIeRj[QILb�X�tjRcRFO�W�YSRcdPMPb0b�KNT�X�K�dPXZ[kGmM6E�bSMPOkKNR�b	KNEO�`
KNT�MvKNYNX�[bSIpKNIeRZ[�bSIL[dPM*KNT�M*dPYSRZbSb�bSMgdgKNILRj[�OMPdgYSMPXZbSMgb¼Y0MPl�X�KNIL�ZMPlp`�b0leR���lL`�XZb�KNT�M*MP[MgYStZ`6IL[dPY0M�XZb0MPbg�
¨�[�OfKNTM ® ¯ � ® ² dgYSRjb0b�bSMgdgKSIeRj[wYNX�KSIeRJIeb�XZHqMg[�XZGlLM6KNRqKSTMPRZYSMgKSIedPXZl�WYSMgOIeduKNIeRZ[b�bSIe[�dPM|b0RjHJM
[Rj[c��W�MPY0KSEYSGX�KNIp�jMw] X�dgKNRZYSb�HqX�`�d�XZ[dgMPl�RjE�K�IL[§leMPXZOIL[t�RZYSOMgYP� { T�MPYSM�TX��ZM�G�MPMP[¢b0RjHJM
WY0Mg�cIeRjE�b}HJM�XZb0EYSMgHqMg[\KNb}]nRZY ®B² WTR�KNRjWY0RFO�EdgKSIeRj[�X�K}Xk]nMu�±¶�Mu·  £ � h G�E�K}KSTMPY0M�X�YSMJ[R
O�X�KNXJ]nRjY ®_¯ WTRZKSRjWYSRcOEduKNILRj[�XZG�R��jM � ¶�Mu·~�9ª�K�ILb�ILHqW�RjY	K�XZ[\K�KNRqHqMPXZbSE�YSM|G�RZKST ®_¯ X�[O

® ² WTR�KNRjWY0RFO�EdgKSIeRj[�X�K�b0Mg�jMgYNXZl_¶6Mg· KNR�KSMPb0K5KNT�MVdgRj[b	KNILKSEMP[\K5dPRZE[\KNIe[�tJY0EleM�X�[O�KSR�KNMPb	K
KNT�MVW�YSMPO�IedgKSIeRj[�br]nRjYrKNTM�d�T�X�YStjMgOfWILRj[QYNX�KSIeR�

{ TIeb�KSTMPb0Ieb�]nRcdPEb0MPb'Rj[ Mu�cKNYSXZdgKSIe[t§KSTM¿OIL�mMPY0MP[\KNIeXZl|dgYSRjb0b'bSMPduKNILRj[b�]nRjY�KSTM�bSIL[tjleM
d�T�XZY0tjMPO8WIeRZ[zW�TRZKNRZWYSRcOEduKNIeRZ[8WY0RFdgMPb0bSMPb h « °  ® ² ¬ XZ[O�«�¬> ® ¯ ° h RZ[M�R�]|KNT�M
HqX �0RjY�tZR\XZleb"RZ] �j  XZGkMu�FWmMgYSILHqMg[aK�¡%£�¤���¥ i ¤  ¥�¹ � � { T�M6WTRZKSRj[kGmMPXZH±Mg[MPY0tZ`QYSXZ[tjMgO�]nYSRjH
¥�KNR � ¶�Mu·~� { T�M6WIeRj[�dPMP[\KSMPY	��RZ]���HqXZb0b�XZ[tjlLMPb%��MgYSM�o��FMPO�X�K�´ ij»Ph ¹ ij»Ph £ ij» XZ[OkX�lebSR�¥ ijij»Ph
¥j¥ iZ» X�K�X~]nMu�4MP[�MPYStZIeMPbg� { TM�YSMPb0ElLKSb5X�K�£ ij» T�X��jM}XZleY0M�XZOF`�G�MPMP[wWEGlLIeb0TMPO  ¥�V � �

{ TIeb�KNT�MPbSILb�Ieb�OIL�cILOMPOJIe[\KNR6]nRjE�Y%d�TXZW�KNMgYSbg�%��T�XZW�KSMPY5¥�IL[aKSYSRcOEdgMPb*KNTM�KNT�MPRjY0MgKNILd�XZl9X�[O
Mu�FW�MPY0IeHJMP[\K�XZl�G�XZd��atjY0RjE[O�]nRZY �j  XZG�� � Mg�mMPY0bSRj[   XZG
	�Mu�FW�MPYSILHqMg[\K�¡�£Z¤��N¥ i ¤ h dPY0RjbSb�bSMPduKNILRj[
HJM�XZb0EYSMgHqMg[aKSbvRj[~b0Ie[tZleM%d�T�XZYStZMPO�WILRj[|WT�RZKNRjW�YSRcOEdgKSIeRj[}WYSRcdPMgbSb0MPb�X�K_WTRZKSRj[~MP[�MPYStZIeMPb¼RZ]
bSMu�jMgYNXZl9¶6Mg·|�\��T�X�W�KNMgY � OMgbSdPY0IeG�MPbvKSTMrMu�FW�MPY0IeHJMP[\K�XZlFXZWWXZYNX�KSEbvEb0MPO�G\`|KSTIeb¼Mu�FW�MPYSILHqMg[\K
KNTX�K*�rX�b*d�XZY0YSIeMgO�RjE�K�X�K%¦�XZlelF¨§RZ] �j  XZG��*��TXZW�KNMgY � bSTR���b�KNTM�O�X�K�X6XZ[�X�lL`cbSILb*WYSRcdPMgOEYSMgb
]nRjY*M;�FKSYNXZduKNIL[t6KNTM�OIp� MgYSMP[\KSI�XZldgYSRjb0b�bSMPduKNILRj[bP� { T�M5leXZb0K�d�TXZW�KNMgY�WYSMgbSMP[\KSb"KNT�M5Y0MPb0ElLKSb"X�[O
OILbSdPE�bSbSILRj[��"DFRjHJM6G�XZb0Ied6OMuo�[IpKNIeRZ[b�XZ[Ok]nRjYSHqXZlLIebSH dPXZ[wG�M6]nRjE[OkIL[�¨�WW�MP[OI �k¨|�
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{ TMgYSMJXZYSM}]nRjEY��a[R���[�K�`cWmMgbVR�]%]nE�[O�XZHJMP[\K�X�l_Ie[\KSMPYNX�dgKNILRj[b�IL[fKNT�M�E[IL�ZMPY0bSM ��KNTM�b	KNYSRZ[t
Ie[\KSMPYNX�dgKNILRj[ h KNTM�MPlLMPdgKSYSRjHqXZtj[�MgKNILdQIe[\KNMgYNXZduKNILRj[ h KSTMk��MPXZ�¿Ie[\KNMgYNXZduKNIeRZ[/XZ[�O©KNT�MwtjYSX��FIpK�X��
KNILRj[�XZl�Ie[\KSMPYNX�dgKNILRj[�� { TM6dgRjHJW�XZYNX�KNIL�ZM�b0KSYSMg[tZKNT�b5R�],KSTM�]nRjY0dPMPb�G�MgK��"MPMg[�K��"RqW�YSRZKSRj[b �0Eb	K
Ie[kdgRj[\K�XZduK�X�YSM�YSRjE�tjTlL`w¥ �p¥ i ¯ � �p¥ i ¯ $ �L¥ i ¯ ��  ¥�£ � �

{ TMJb0KNY0Rj[tkIe[\KSMPYNX�dgKNILRj['d�XZ['G�M�OMPb0dPYSILGmMgO�G\`����rU h Rj[�MJR�]"KSTM�dPRjHJWmRZ[MP[\KNb�RZ]%KNT�M
D%� � � 	 � D%� � � 	 � � �	¥ 	*DaK�XZ[OXZYSO �wRcOMPl � { TM�b	KNY0Rj[t�Ie[\KNMgYNXZduKNILRj[~d�X�[JG�M�Mu�FWleXZIe[�MPO�G\`~KNT�M
Mu�Fd�T�X�[tjM�RZ] tjleE�Rj[b%GmMuK���MgMP[QsaE�XZY0�cb"��ILKNTJdPRZleRjY�d�T�XZY0tjMPb�� RjY%bSILHqW�lL`�dgRjleRjY0b�	;�_ª�KrILb�bSIeHJIeleXZY
KNR�KNTMwMu�Fd�T�XZ[�tjM�RZ]6WT�RZKNRj[�b�G�MgK��"MPMP[�W�X�Y0KNILdPlLMPb���ILKST§d�T�XZY0tjMPbqIe[©KSTMfMgleMgdgKNY0RjHqXZtj[MuKNIed
Ie[\KSMPYNX�dgKNILRj[ h Mu�FdgMPW�K,KNT�X�K¼tZleERj[�bBd�XZY0Y0`6dgRjleRjY0b���TMPY0M�XZb,WTR�KNRj[b�dPXZYSY	`�[R�MPleMgdgKSYSIedPXZljd�T�X�YStjM��
¨½saE�XZY0�fd�X�YSYSILMPb�RZ[M�RZ]�KNTM~KSTYSMgM�dPRjlLRjYSbg� { T�MPYSMJXZY0M~KNTY0MPM�tjMg[MPYSX�KNILRj[b�XZ[�O�bSIp� �9X��jRjY0b
� RZYvK�`FW�MPb 	�R�] saE�XZY0�ab%IL[�KNRZKNXZl � { TM�HqMgbSRj[�b ��"��"2	vXZ[O�G�X�Y0`jRZ[b���" " "2	vXZYSM�dgRjleRjY0leMgbSb*bSIL[tjlLMgKNb
HqXZOM6RZ]¼saE�XZYS�ab � "2	rXZ[OwXZ[\KNI ��saE�XZY0�cb ���"2	;�

{ TM�b	KNY0MP[tZKST|RZ]�KNTM%b0KSYSRj[t5Ie[\KSMPYNX�dgKNILRj[VIeb�saE�XZ[\KNIpo�MPO}Ga`�KSTM"b	KNY0Rj[t�dgRjEWlLIe[t�dgRj[b0KNXZ[\K
� �u� { RQleMPXZOIe[�t�RjYSO�MPY h ��5OMPdgYSM�X�bSMPbVXZb�KNTM~HJRjHJMP[\KNE�H�KSYNXZ[b	]nMPY ��IL[dPY0M�XZb0MPb�XZdgdPRjY0OIe[�t
KNR  �Zi �

� �-��� 	 � ¤ ®
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��TMgYSMr¬ �rIeb�KNTM"[cE�H~GmMgY¼R�]KNTM"saE�XZYS���9X��jRZYSb¼��IpKNT}H�XZb0b_lLMPbSb�KNTXZ[ ��X�[O � Ieb,dPRj[b	KNYSXZIe[MgO
Mu�FW�MPY0IeHJMP[\K�XZlLlL`qKNR�GmM i �p¥ � i��µ� ¶6Mg·~� { T�MPYSM}XZY0MVb0Mg�ZMPYNX�l,��X�`Fb�KNRJOMuKNMPY0HqIL[M6KNTM�b	KNYSRZ[t
dPRZEWleIL[t�dPRZ[b0KNXZ[\K�X�K � �  �� h KSTM'H�XZb0bQRZ]VKNTM��2t\XZEtjM�G�Rjb0Rj[�� { TM�X��ZMPYSXZtjM'RZ]
KNT�M��"RjY0leO�O�X�K�XQILb ��-�  �� 	 � i�� ¥Z¥ ¹�� i��µiji �Fh dPRjY0YSMgbSW�Rj[OIL[t�KSR � � � ¥ � ² � 	¯ � � ��Mg·  ��i � �
{ TMwb0KNY0Rj[t�dPRjE�WleIL[t'dPRj[b	K�XZ[\K�X�KqXZ[\`¿MP[MgYStZ`�bSdPXZleM�d�X�[/G�M�O�MPOEdgMPO§]nY0RjH KNT�M��"RjYSlLO
X��jMgYNXZtjM  � ¥ � � � RjY�M;��XZHqW�leM h ��-�	¥�¶�Mu· 	 � i�� ´ iji XZ[O � �-� ´j¶6Mg· 	 � i�� � ¥ i ��¡*scEX�KNILRj[(¥j�p¥
IelLleEb	KNYSX�KNMgb�KNTMVXZb	`cHqW�KSRZKNILd�]nYSMgMPORjH@WTMP[�RjHqMg[Rj[ ��� �* i XZb �w � �

¨rKQbSE��qdgIeMg[aKSlL`/TIetjT/MP[MgYStZ`©bSdPXZleMgb���TMPY0M�KNTMfb0KNY0Rj[t�dgRjEWlLIe[t�dPRj[b	K�XZ[\KkILb�bSHqXZlLl h
W9���rU§d�X�[|G�M�Eb0MPO~KNR�d�XZlLdPEleX�KNM*KSTM�b	KNYSRZ[t�Ie[\KSMPYNX�dgKNILRj[���ILKNT}KNTM"WmMgY0KNE�YSG�X�KSIL�ZM"M;��WXZ[bSILRj[
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KNMgd�T[ILscE�MZ� { TMqRZYSIetZIe[�XZl_XZ[O'b0KSIelLlvRj[M�RZ]%KNTM�HJRjb0K�W�R���MgY0]nEl�saE�XZ[\KSILK�X�KNIL�ZM�bSEWW�RjY	KNb�RZ]
W9���rU�IebvKNT�M5O�MPbSdgYSILW�KNILRj[�RZ]mKSTM � � � MgsaE�XZlKNR6KSTM�H�XZtZ[ILKSEOMrRZ].�fXZ[�OMPlLb0K�X�H���XZYSIeXZGleM 7 	
Mg�ZRjleEFKNIeRZ[�RZ]�KSTM�b0KSYSEduKNEY0M�]nE[duKNIeRZ[b h ��TIed�TkXZlLbSR}WYSR��cIeOMgb�KNT�M�HqRZb0KrW�YSMPdgIeb0M�HqMuKNTRcOq]nRZY
OMuKNMPY0HqIL[Ie[�tJKSTM~b0KSYSRj[�t�dPRZEWleIL[t�dgRj[b	K�XZ[\K���¨�b6X�[fMu��XZHJWlLM h � IetjEY0M�¥g��¥  �Zi � dgRjHqWXZYSMgb
KNT�M}�"RjYSlLOfO�X�KNXqRj[�KNTM}WYSR�KNRj[�b	KNY0EdgKSEYSMV]nE[dgKSIeRj[�
 �� XZb�X�]nE[dgKSIeRj[wRZ]  �0RZYS�ZMg[� �% �
���� ��� ��ILKST��(KNT�MwMg[MPY0tZ`�KNYSXZ[b0]nMgY�	�X�K�K��"R � � ��XZleE�MPb���ILKST/X'W9���rU dPXZledgEl�X�KSIeRj[ �n��ILKST
� � D { �Ziji ¥�W�XZYNX�HqMuKNMPY0Ie¾PX�KNILRj[  � � � 	u� { T�M'XZtjYSMgMPHJMP[\KQILb�YSMgH�XZY0��XZGlL`¿tZRFRcO�� ¦�R��"Mg�ZMPY
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* ; I4? * �'V 4 ;=1&- �'V 	 ? &)(5-7-/$4* , 026+6/* ,e-%&H0214(i;A/&/ ? &)*	-�-%0�-%$4* 6%;�C ,.6/02(+(�(+* ,.-/&)021 < 026 5 &H14* @D;=-/&), (
;=- . ��� �
	 ��� 3';=(jCE* ?H? ;=(E*.(+-%&H@ ; -%&)0<14( 0 < -/$4*i( + (+-%*.@ ; -%&),7* 6+6/026+( V * $4* 5 &)14*.@ ; -%&),.(j;=- 0=-%$4*.6
, *.1K-%* 6�� 0 < � @ ;=(/(7;<1 4 ? * (f$B;�:<*�(+&)@�& ? ;=6 I 6+*�; 5 -40oCG14(.V
* ; I4? * �'V 4 � G 026/6+* ,e-%&)0<14(�;<1�-	( + (+-/* @D;=-%&H,�* 6+6/026+( < 026i, 02&H14, &2-4* 1', * Q � /4$40<-/0 /46+0?- 7 ,.-%&H021	; -. ��� � 	 � � V  

 

Coin3 Coin6 Coin20 Coin9 Coin12 Coin15 Coin17 Error_sys

Photon Yield 11.3% 12.8% 13.4% 15.3% 15.4% 16.9% 19.9% 3.0%

Target Density 2.0% 2.0% 2.0% 1.0% 2.0% 2.0% 2.0% 1.0%

Tracking 3.0% 1.5% 1.5% 1.0% 1.0% 1.0% 1.0% 3.0%

Scintillator/Trigger 2.0% 2.0% 2.0% 2.0% 2.0% 2.0% 2.0% 1.0%

PID 2.0% 2.0% 2.0% 1.0% 1.0% 1.0% 1.0% 2.2%

Muon Contamination -6.6% -6.2% -6.1% -5.7% -5.1% -4.6% -3.7% 3.0%

Transparency 22.5% 37.0% 27.7% 23.2% 22.1% 21.0% 19.3% 5.0%

Nuclear Absorption 7.5% 12.0% 11.4% 11.5% 11.8% 12.2% 11.8% 4.2%

Acceptance 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 3.0%

Dead Time 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 2.0%

Trial Cross Section 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 2.2%

Energy Loss 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 2.0%
Random Coincidence 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.0%

f(E_gamma) 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.0%
Momentum
Distribution

0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.0%

Beam Charge 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.0%

Total 49.6% 74.9% 63.2% 57.0% 58.7% 60.7% 63.4% 10.1%

U���������� W �� �!" ('���!$#��"[\� '#[&%('*)�+-,X��� �$. �.�"�/!&!� ('
* $4*F,.026/6+* ,.-/&)021'(�6/* ? ;=-/*	-	-/0 -%$4*�6%;A-4&);=-%0<67CE* 6+* /46/*.(/* 1K-/*	- &)1 H *.,.-/&)021 �'V 4 V @ V * $4*F,.026/6+* , �
-%&H0214(G&)1I-/$4*h/'$40<-%0 + &)* ? - - 7 *"-%0L-%$4* 6/*�/ ? ;=, * @�* 1K-70 < -%$4*"-%$4&H1�� 6/;A-4&);=-%026E,�; ? , 74? ;=-%&H021vCG&H-/$
-%$'&), 5 � 6/;A-4&>; -%026E,�; ? , 74? ;=-%&H021DCE* 6+*�; I 0 7 -�n.! V ;=-f(/*e:2*.6%; ? S *>U I *�;<@ * 14*.6 4 + 34CG&H-/$ � V 7 1 �
, *.6+-%;<&)1K-%&H* (.V * $4* $ N & ( S < ;<,.-/026	3 I *.&)1 4 7 (/*�-[&H1 ( 7&I -%6/;<,.-/&)1 4 -/$4*�6/;A-4&>; -%026�0 7 - I ;<, 5 4 6/0 7 1&-N ; ? (/0 (/*.*�(/*.,.-/&)021 �'V O S 3KC ;=( ,�; ? , 74? ;=-%*�-�-/0 I *�;=6/0 7 1�- � V O ;=-E(/*e:2*.6%; ? S *;U�V � (+( 7 @�&)1 4 -%$B; -
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 solid, full cross section

dashed, t-channel + contact + nucleon poles

dotted, t-channel + contact

dot-dashed, Delta (s+u)
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γ n → π- p with Θcm at 90o
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