
���������
	���
�����
�	������������
	���������������
�������
 �"!��#�$�%
����%������!&�$�'�%��
�()�����'*+
��

�%���$�������#�$�%
���,

-/.#02143658791;:�1=<?>A@+BC.ED2FHGJIK<?>&LE.#D&M$N$O6GHM$791P<Q>&L
.#D2R4STGU<Q>AVXW=.
D2O674YTOZGH14N$583[<]\"^_.ED23`1)STI=O`1=<?>AV
a".KD236b$GH5)< \cV 0+.Kd�58O6M$38< \c\ 0X.�d�b�14M=7$< @cV De.Kd�FHRfM=N$58FU< @cg LE.Kd�RfOZ74b$Gh< @cg W=.�d�RfI$ijb=58k4< \

W=.
d�I$O67fI$5[l%m%no143%l`5[FHFh< \c@�p .
no1)3Zq
58O8< @cr n2.#no1ts)1)l`1=< \ De.En�5[O6sf5[O`1=< @cg ^_.#uv.En�b$R$<xw"W=.E0+.En�b$R4Gh<xw
yX. p RfOZ5)< >Az�{ .
B�3Zq$GJM�14Fh< > -/.
|'5[ijb$M$5[O8< \ BC.E|�5[OZM�14M=N$58k)< >o} .
|'I=STI=N�1=< >A~ W=.E�"R4��5[k�m%no1)N$58M�1)38< \c@
a".'��O`14M#<]\c\���.
0214OZ1=<Q>AV���.
02143658791;:�1=<�@c@�^_.'021;Y91)3Zb$GU<Q>A@ } .'021;Yf1)l`R$<]�2a".'��.'0&5[FH��58O8<�@c~&W=.
0&GHFJFh<�@c\

^_.#0�GHOZ14GHN$5)< >A@ W=.#0�Rf3`14S�1=< \cV De.E^_.E�cijb$GJS�1t:�1=< � -/.#�cGJMTI=��1=< r D+.E�cS)58N�1=< >U� ��.E�cM�1)7914S�Gh< >A@
��.
�c36b$GHN$1=<��&^_.
�c36b$GHb$14O`1=<�\cV2��.'�c36b$GHGU<��&-/.'�c3Zb$G�l`36I$S�1=<]\Z> } .'��l`Rt:"<�\cV���.'��:o1436b$GJl`1=<]�20+.'�j.EWf14M$7=< w
BC.EW=.EW458RfMK<�@cV��j.ELE.EW458R4M$7$< w ^_.
W4RPR=<]@cV���.EW4Rtsf5[O8<?>&n2.
^�.EW4I$M=7$<]@c\&��.#^"1��6G�lj1=<�\Z>CW=.'^X1)��5[N�1=<�\cV

^_.#^"14M$5�YTI$S�Gh<�\Z>2�j.#^"1)l`R$<?>A@"BC.K^�5;1)OZM$3[<]@ p .E^�58OZO[<]@c\+n2.Ku_.#^�GH��<Q>c> -/.K^�b�14�=GH�$I$FJFHGJMK<]z
D+.�^�b$R4lA�Z1)M�lZ3Z5�sE<�z p .K^"GJ58FJi8k85�: 3ZS�1=<�\ w`� @Z>�W=. } .�^"GJ��< w LE.�^�GJ��<�@cV"��.�^�GJlZijb$GHM=7$<]@c~

^_.
^�Rf��1;Y91)3Zb$GU<]@c\���.E^�Rf��1;Y91)3Zb$GU<���De.E^"R4M�14S�1=<�@c~ } .E^�Rf3Zb=GHR$<�\cV&��.
^�OZRfq=qK<]@cr�W=.#^�I$�
R4lj1P<Q>A@
} I#.#^�I$N$5[M$S4R=<]z } .E^�I$M$R$<?>Ar"��.#^�I=l6l`5[O8<?>A\ � @��"W=.#��5814OZM=58NK<�@cz+LE.#��GJSTb=RPN$5[NK<�@��j.E��.#��GJ��< w

��.E|�.'��Rtsf5[OZOZ5)<Q>Az"��.
��I$N$RtsTGHi[Gh<?>Az�0+.E-�1)583`1)S)1P<Q>A@XW=.E-�14FJFH5�l;<�\�n2.E-�14O6G�14M=Gh<?>Az&��.E-�14O6I=Y91)��1=<]�
L
.#-�1)l`36I$M$R$<�@cz2�v.E-�1�lZsf5[5[s
<�zXn2.#-�14I$7f5[O8<�@Z>�^_.#-�itn�RfM$M=58Fh<?> w n2.E-�i;�"O65[:"<�@c\XLE.E-�GHS�b$5�Yf5[s
<�z
D+.K-�GJM�14��GHM$R=<]\cV�LE.K-�GHM$5)<]@crXuv.E-�GHM=585[s
<�z+n2.K-�G�l`36I$N�1=<�\cVX-/.#-�GHI$OZ1=<�\cV } .#-�RfO6GH7fI$ijb=Gh<?>AV
��.�-�R4OZGJl`1=<?>A@XLE.�-�RfO6GJYf14��1P<]\cV���.��&14S�14N�14GJO`1=<?>A@"-/.��&14S�14b�1)l`1=<]\cV"^_.��&14S�14�vI$OZ1=<]�

�j.K�&14S�14M$R$< >U� ��.#�214S�1;Y91=< >A@ LE.E�214S�1;Y914��1=< \Z> ��.#�&14�v��1P< \cV a".#�&14�v�$I#< \cV LE.E�21;:�14M$7$< r
^_.#�&GH36b$GHS�1;:�1=<Q>A@X^_.K��GJl6lj1=<]��|�.#�&Rts)1=<Q>2��.K�&Rts458FHFH1=<�\c@ } .�u���1;Y91)3Zb$GU<]\cV"De.�u�S�14N$1=<]\Z>
^�.#u�S�I$�vI$OZ1=< \Z> L
.�-/.Ku�3658O[< @��&} .�u2Y914��1=< � -/. } .K��14i4< ~ |�.E��GH58O6OZ5)< \ D+.Ka RPN$O6GH7fI=58k4< >
n2.�LP1��6Gh< \Z> -/.KL=14S�I$N�1=< � � >U� |�.KL=1)M$ijb$58k)< > De.#L=14O6O`1)l8< @c\ ��.KL=143Z14S�Gh< >A@ ^�.#LPijb$R4FH�
58OZ7=< g � > w

aX.
LPijb=OZRT5[l`5[O8< @cg -/.ELP5[STGJ7fI$ijb$GU< >AV B .ELPb$14OZS)5[Y
< @c\ -�.#LTb$GHRfk81;:o1=< \cV ^_.ELPb$GJO`14GJ3Zb$GU< \c\ �_.
LPGJl��6583[< \c@
-�.KLP�+YE<�@cr�0X.KLPR4�E5[Fh<�@cr�W=.#LTl`RfM=54<�@���.#LTI$F�14S'<�@�De.#LPI$k[I$S�Gh<?>AV } .#LPI$k[I$S�Gh<�\cV���.E��14S�14b�1)3Zb$GU<]r
} .#��14S45[M�14791=< \Z> } .E� 1)S458I=ijb$Gh< \cV ^�.
��14S�Gh< \cV } .
� 14S�I$�
R$< >Ar �+.E� 14�eI$O`1=< >Ag -/.E� 1)M�14S�1=< �
aX.
��58OZO6Gh<�@c\�LE.
��¡�Wf14��q
58M=38<�\�De.
��R4OZM$5[OZR)mc��R4qE5[k4<�\c@ } .
��R)l`3ZI=S)1P<���L
.#y�58N�1=<?>A@"-/.'��147fGJM$38<�@cr
n2.x��.
�¢14F�l`58O[<]g ��.$�¢14M$7$<�@�a".£W=.$�¤GJFHS)5838<�\c\�L
. } 1)��14N$1=<]z&LE. } 14��14��R4l`R=<Q>A@&n2. } 14M�1474GH3`1;:�1=<�@c\
�+. } 5[OZ3Zb=R�s
< z 0+. } RfS)RtY914��1=< @ w"-/. } RfS)R�Yf14��1=< >A@ W=. } RPR$< @cV -�. } R43Zb$GJN�1=< >Ar 14M=N¥W=.E¦K14FHGJq$3ZS�1 @Z>

§ �Cb$5¨^X©4^ n�RfFHFH14�ER4O`1)lZGHRfM'ª



���������	�	�	
��
�����������	������� ����������� �!�#"%$&�'���)(+*,���.-/�0")���.�'�1����
2�'3/�43&56�
���87��/"9���#�:3/�4�/(;� <>=/?�@1A1BC7��0�D�:�&���0"�"9�FE.7��/"9���0��3&�4��GH(�I/J��/�.�

K#L;�MJ��/"#�	5N�0�O�P3RQTSVU�WX���	�0�)(V7�3X���'3&�Y*Z���.-/�0")���.�	WX( 7�3X�#�'3/�2( [C�X�)�0�1�#U�
\�]�0�%�.�^=X_1_\@1`X(�*,I\�
a�Lb�bSdcb�9�e(
f��d�gI4���0�:�/WX(;A1@1@�A1@FhV� Q�<i��
�"�</j,-/�0�%���kfl�>���)m/(e�n"R�&�4���

oHL;�MJ��/"#�	5N�0�O�P3RQTSVU�WX���	�0�)(Tf,U\3/�O�4�/5pcT�&�	�%3/�4�/�q*,���.-/�0")���.�	WX(VrTs��/�\$9t�
�`�=1=X<#uH`2u0(vr;3/">�>�
w L;�iJ2�/"��	5x�0�O�q3RQNSVU�WX���	�0�)(bL
3/�y$/��U��.�z*,�O�D-&�#"����	�	W{(bcT�Rt�
|`/_�=X<�u{@0}�(Pr;3/">�>�

~ L;�iJ��/"#�	5x�#�O�P3RQTS U�WX���%�#�)(VLq
\�&�k*Z���D-&�#"����	�	WX(VL�
�"�U\�/5
( cT3/"#�.U�f��&"R3/���.�4�+_Ou1u{=/?&(^*ZI\�
�)� �:$/U^� �!�#"%$&WN�������#���#"9�&�'3/"T�����0�)�/"9�#U�� "%$��&���:�H�&�	�%3/��E.re�dr�GH(T����
\�X
��)�X(��0�>�/"9�X�{� By=&`&<9=/?\=&@X(��2��J��/�

��hV"9�1�/
��&���+I4�0U\3]3/�b39QN�b�/-/�/�4���)��I4�0�'�#�4�����83RQ�[k�&�%���0")( � �."R3/�)U��.5N�
*,���.-/�0")���.�	WX( � �:$��X��U��.< � �D"93X��U��D5N�X( � �D"93X�)Uy�D5N��u]B�A/<R?�`&B\={(N����J��/�
�����2�#�	�.�	
2���qQ#3&"^ce
��]�:�)�/"������]�>�/"9�#U�(
[k3X�0�)3/s�@1@2u]By@/_&(
��
\�)���%�

�)��r;3�����*,�O�D-&�#"����	�	W{(Tr;3�����( � W13>$�3��1`2u0<R?�`�=&@X(^����J��/�
�>�#L
�MJ��/"#�	5x�#�O�
3RQ6S U�WX���%�#��(�r;3/"9�)�F*Z���.-/�#"����	�	WX(eI��>3/
���@&By�/<�u{=1@X(er;3/">�>�
�9K#L;�iJ��&"��	5x�#�4�q3RQ;S U�WX���%�#��(�rTW&31�'3�*,�O�D-&�#"����	�	W{(brTW13&�'3C��=1�X<R?�`�=X_&(
����J��/�

�)a L;�iJ��/"#�	5x�#�O�;3RQ�S U�WX���%�#���/�4���e���	"93/�43/5;WX(T��3/
��D���%�/�4��IO�'�&���
*Z���.-/�0")���.�	WX(q7b�1�'3/���v3/
1$y�#(q��3/
������	�&�4��u{=/?y=&B&<.}�=1=&@X(C*ZI\�
��o L;�iJ2�/"��	5x�0�O�N3RQ^S U�WX���%�#�)(T[C�X�)�0�1�#U�
\�]�0�%�.�8�������	�	�	
�����39Q
���>�0U��43/�:3>$1W{(�f��/5x�#"��	�]$\��(
[C�X�)�0�1�#U�
\�]�0�%�.��=X_\@&B�AX(C*ZI\�

�>w�L;�MJ��/"#�	5N�0�O�b39QTSVU�WX���%�#��(V[��.W1�]$&�
*,�O�D-&�#"����	�	W�3RQq���/
��)�1�	�	3/��(�I��#���1�/��A&?y=/<9=/?H}O`X(b�2��J��&�
��~)L;�MJ��/"#�	5N�0�O�P3RQTSVU�WX���	�0�)( c��D�:$��1�'��*Z���.-/�#"����	�	WX( c��D�:$��&�'�/( ce�.�:$��&�'��A1`�=X<M_y@&?y@X(��2��J��&�

���)L;�iJ2�/"��	5x�0�O�b3RQqS U�WX���%�#�)(��V�&�/W1�/5N��*Z���.-/�#"����	�	WX(��V�/�/W1�/5N�X(q�V�&�/W1�/5N�Cu{=�=X<M?y`&By={(�����J2�/�
�>��L;�MJ��/"#�	5N�0�O�e3RQTSVUyW{���	�0�)(T�V�0�X�/��*Z���D-&�#"����	�	WX(
�O3/W13/���X�/�X(6�V�#�/�/��`��1=X<>=1=#}�B&(P�2��J��&�

�>� *Z���.-/�0")���.�	Wk3RQ6�v3/5x������I4��J��%�0�\�]�k�&�4�+�9c���cP( ��<>=1=1=1@&?�`��v3/5x��(����'�/��W
K�� L;�iJ2�/"��	5x�0�O�e3RQ
SVUyW{���	�0�)(PI��>3&
\��cq�&�	�%3/�4�&�q*Z���D-&�#"����	�	WX(bI��)3/
��V@1`1@&<�u>}�u#(br;3/"9�)�

K)� �T vI43/���'�/�¡���2���	�	�	
2���PQ03/"xce
��0���>�&"�IO�	
��/�'����(
=1=X<>�/?�@£¢��/"��#�/s�(PS�3/�:�/�4�
K>K ���#�0�>�&"R�0U|fl�#�4���#"�Q03/"ecT�0
��	"��.�43^I4�0�'�#������(e�O3XU�3X�{
�*Z���D-&�#"����	�	WX(�I��#���1�/�D(l[��DW1�]$1�dA&?y=X<R?�`2uH?/(�����J��/�

K)a�L;�MJ��/"#�	5N�0�O�63RQ�SVUyW{���	�0�8�&�4���P�#�	"R3/��3/5;W{(6IO�'�1����*Z���.-/�0")���.�	W
3RQ�cT�0s¤jO3/"��H(;IO�'3/��W�7�"R3]3/�H(TcT�0s¥jO3&")�C@1@2u{A0}2<RB1?y=1={(�*,I\�

Kio{L;�iJ��&"��	5x�#�4�b3RQqSVUyW{���	�0�)(T�43X�{W13�*,���.-/�0")���.�	W¦3RQ;I4�]�%�0�4���#(lcT3]�1�/(
f,U��'�>�8_4u]?&<>=1=X_1_&(�����J��/�
K)w\�n���y*n[+��(�§��&�4�)3/
�-&�#"�(P7�"��	�	����UFf�3&�¨
�5x�#�%�©§����Y_/��B/(�f��/�4�1�1�

K�~)LPSdcxf,(VI��>�H�	�	3/�|���qS U�WX���%ª0
O��(6*Z���.-/�#"����	�	W¦3RQ8h��#���0-X�X(qf � @/_y@1@X(;h��#���0-X�6}�(vI�s��	���H�0"��:�/�4�



K���L
�MJ��/"#�	5x�#�O�;3RQxSVU�WX���	�0��� �e���	"93/�43&5
WX(�*,�O�D-&�#"����	�	W�39Q�7�"��	�	����U
f�3&�¨
�5x�#�%�X(k§��/�4��3/
�-/�#"�(e7�"��.�	�D�)U f�3/��
�5N�0�	� §���� @��Z@X(�f��/���1�1�
K)�#L
�MJ��/"#�	5x�#�O�63RQ�S U�WX���%�#�+�/�4���e���	"93/�43/5;WX(k*Z���D-&�#"����	�	W�3RQ
f��/��� Q#3/"����%�X(T��"�-{�D�!��(q��"�-{�D���#(8f��&�¨� Q#3&"����%�¡A/_\�1A2u0<	}O`2uH`X(�*,I\�

K)��L;�MJ��/"#�	5N�0�O��3RQeSVU�WX���%�#�T�&�4�x�e���	"93/5N3/��WX(
*Z���.-/�0")���.�	W�3RQ � �/s��/�.��( � 3&�43/��
\��
\( � �/s��/�.�VA��/?1_1_&(6*,I��
a)� r;�/5;�%3X�/� �����]�#"�-X�&�'3&"�WX(q���2���	�	�	
2���eQ03/"Cf�3X��5
�%�8�v�/W������0�)�/"9�#U1(

*Z���D-&�#"����	�	W�3RQ��43X�XW&3/(qr;�&5
�%3X�&�X(+hV� Q�
 `�=��X<R@&_\=&`X(x�2��J��&�
a)� �����]�>�/"9�#U fl�#�4���#"�Q03/"�f�3X��5;�%�^c
�#
2�	"��D��3X�)(b���2�#�	�.�	
2���PQ03/"�f�3X��5;�%���v�&W
���#�0�>�&"R�0U1(�*Z���.-/�0")���.�	Wk3RQk�O3/�{W13X(Pr;�X��U��.s��X(�f,U��'�>�k_Ou1u0<R?�`&?1_&(T�2��J��/�
a>K#���2���	�	�	
2�'3��y�^����D���%�)��f�3/"�J4
\�#�0
��:�/"�(q�v<.}��1=�uH@Y§��/���#�4�]�	�/(TI/J��&�D�

a>a�L;�iJ��&"��	5x�#�4��3RQPS U�WX���%�#��(
*Z���.-/�#"����	�	W^39Q�¢��/�)U��.�y$1�'3&�2(VI!�>�&�%�	����(N¢��X��U��.�y$1�'3/��A&?�@1A1`&<R@1`y�1={(x*ZI\�
a�o{�������	�	�	
����^3RQT��m�J2�0"��.5x�#�O�'�&�ZSVU�WX���	�0�)(x¢��/"��#�&s *Z���.-/�#"����	�	WX(�=1=X<>�/?�@�¢��/"��#�&s�(vS�3&���/���

���
	��
������������������� �!��"�"$#$%

& �'���(�*)����+�-,.�'�-��/-0��1��23�-)$45	6/-��	���7�,823)��97:,;	��-<����>=?7(0;�-�-��@A�
7B)$,;�(�-��@C�
����)$@D�;��) �;0�7B�-�1)$@
�E@;�;0;7B����F G�4H0;)$@D@.��0.�
�:��@.)$/JI����-,K	L4M��	�@���@.�(�-<�G�)�2JN�OQPSR9�(T'O*UV,;�W�;	��-	L	����H7B)$���1��7B�
���
I+�1�-,6	'2�0;���1GM	�7B�-�1X��Y/�7(��@C�-�E����	��
)��Z�;�(�
��7B�
)�����@6�-,.�\[W��[]�1)$@.<�=^F�	�/
���E��@.�+@;��0.�
����@.)H)$/-7(�����E	��-�1)$@
�B_>�`�(����4M��@A�(Oba+)'�(X>���.��@�7B�
�E/c)�F�/
�(�-X�����	�@;�S	�@�0.���*�(�J���E4d�1�b)�2e">fQg�"ihjN(" k @ ��/c/
�(�J)$@S�-,;�
7B��)$/-/�/
��7B�-��)$@K��	��-�1)L)�2e7B)$,;�(�-��@C�+���1)$@S�;��) �;0�7B�-�1)$@S�
)d�-,.�Y�
)��-	��l7�,�	��-<����>=?7(0.�-����@C���E@C�
�(��	�7m=
�-��)$@6	��Z�-,.�9n�"Cop7B)$@.q��.��@�7B�+�1�(X����rOsUV,���/b��/t�-,.��q;�:/
�b�B_>�*�(�:��4M��@A�-	�������4L�1�s2u)��Z�-,.�+7B)$,;�(�-��@C�
7:,;	��-<����D���1)$@S�;�-)>�;0;7B�-��)$@���@S�-,.�\��@.�(�-<�GS�-�(<$��)$@�)�2s	i2u�(IvR
�(THO

w.xtyezH{�|$}+~A�:���:�e�:�$���m�$���Z�A� ����� ���C� w��:� ����������� ���

�Cb$GJ3���5�lZl`5[O�q=OZ583658M9l`3�l`b$5�OZ5[3ZI$F�lV��OZRf� 1"3Z5814OZijbD��RfO ijb�14O67f58N�i8I$O6OZ58M9l § nCnCª�i8Rfb=58OZ5[M9loq$GJRfM�q$OZR)m
N$I$i�l`GJRfM �9Y M$5[I=l`O6GHM$R43�: GJlZb 58M=58OZ74GH583�R ��16��5[: ��5[� I=3ZGHM=7el`b$5�14i8i[58FH5[O`1)lZRfO%m�q$OZRTN$I$i[58N����e�
5;1)� GJM
l`b=5 ^XB ^�l`R"^"14��GHRfS�1 FHRfM=7)mc��1)3Z58FJGHM$5�M$5[I=l`O6GHM$R�Rf36i8GJFHF�1�l`GHR4M+5��=q
58O6GH��58M9l § ^+©)^+ª�.4�Cb$5�nCn i8R4b$58O658M9l
q$GJRfM�q=OZRTN$I$i[lZGHRfM�GHM�M$5[I=l`O6GHM$R)m�M�I$i8FJ58I$3�3Zi81)lZlZ58OZGJM$7$<!�$�������¡  k �£¢b¤i���e<�GH3�1Xq=OZRTi858363�GJM�: b$GJijb
l`b=5_M$58I=lZOZGJM$R 3Zi81)lZlZ58O63�i8Rfb$5[OZ5[M�lZFJY�R ¥¢lZb$5_58M9l`GJOZ5vM�I$i[FH5[I$3�: GJlZb 1 3Z��14FHF�58M=58OZ7)Y�l`OZ14M$3���58O8.X��l�b�1)3
�
5858M ��5;1)3ZI$O658N GJM 1+M�I$�v�
58O�R ��5��Pq
58O6GH��58M9l`3d¦1§�¨*©�ªh<Pq$OZRtsTGHN=GHM$7e1+l`5[36lCR �#l`b$5�q$14O6lZG�14FJFJYvi[RfM$3658O6s458N
1C�PG�1)F�m�s458i�l`RfO�i8I=OZOZ5[M9l § ��n�D�nCª�b9YTq
R4l`b$5[3ZGJ3«¦Q¬$ªh.¤�Cb$5�5��PGH3%l`GJM$7¢N�1�lj1¢1)7fOZ5[5�: G�l`b lZb$5 a 58GJM 1)M$N
LP5[b$7914F���RTN$5[Fi¦Q­$ª���143658N RfM¢lZb$5 ��n�D�n b9YPq
R4lZb$5836GH3vGJM/l`b=5 M$58IPl`OZGJM$R�5[M$58O674Y/OZ5874GHRfM®��OZRf�¯­�lZR



§���� ��5[�e<K: b$GHFJ5el`b=58OZ5�GJ3�M$R ��58143ZI$O658��58M9lX1;s)14GHFH14�$FH5e14OZR4I$M$N §��"5��v.K�Cb$5�O658i85[M9leN$GJ3Zi[R�s458O%Y R �
M$5[I=l`O6GHM$R Rf36i8GJFHF�1�l`GHR4M$3 b�143�O658M$5�:�5[N/GJM�lZ58O65836l�GHM�lZb$5_M$58IPl`OZGJM$R)m�MTI=i8FH5[I$3�GJM�lZ58OZ14i[lZGHRfM GJM�l`b=5v3ZI$�¥lZR
��5[:��"5�� O6587fGJRfMK.C-�14M9Y�1�l`��Rf3Zq$b=58OZGJiX14M$N 1)i8i85[FH5[O`1)lZRfO%m���143Z5[N�M$5[I=l`O6GHM$R�Rf36i8GHFJF�1)lZGHRfM 5��PqE5[OZGH��58M9lZ3
I$365 GHM9l`5[O`14i�l`GHR4M$3+RA� M$58I=lZOZGJM$Rf3vGJM¢l`b$GJ3e5[M$58O674Y O6587fGJRfMK.��Cb=58OZ5���RfOZ5)< q$OZ5[i8GH365 S�M$Rt: FH5[N$7f5 R �ClZb$58�
GH3&GHM$N=GH3Zq
58M=3`14�$FJ5+lZR GH��q$OZRtsf5Xl`b$5v14i8i[I$O`14i�Y R � lZb$5vM$5[I=l`O6GHM$R R43Zi8GJFHFH1)l`GJRfM���5;1)3ZI$O658��58M9l`3[.X�cM lZb$GH3
��5[l6l`58O[<�:�5 i[Rf��q$14OZ5�RfI$OvO6583ZI=FJlv: G�l`b¢lZb$5 a�5[GHM 1)M$N LP58b=7914Fo��RPN=58F'¦ ­Cª��E5[i;14I=3Z5 GJleGH3Xl`b$5 RfM=FJY
��RPN$5[F l`b$1)lXq$OZRtsTGHN$5[3�l`b$5�S�GHM$5[��1�l`GHi[3�R ��q$GHRfM=3+1)M$N GH3"i8Rf����RfM$FJY�I$3658N�GHM M$58IPl`OZGJM$R�Rf3Zi[GHFHFH1)l`GJRfM
5��Pq
58O6GH��58M9l`3[.
�cM�lZb$5�^X©4^ 5��Pq
58OZGJ��5[M9l;<=q=OZR4lZRfM$3C14O6525��PlZO`14i�l`5[N�GJM 1j§f.E§� K3�3Zq$GJFHF'5[s458O%Y�©P.�©+3Z5[i8RfM$N=3
��OZRf� l`b=5

^"B ^ §�©"��5[�¤q$O6R4l`RfM�36YTM$ijb=OZR4lZOZRfM�14M$N�b$GJl�14M�1)FHI$��GHM�I$� lj1)OZ7f5�l;.���Rf3ZG�l`GJs458F�Yvijb�14O67f58N�3Z5[i8RfM=N�14O6Y
q�14O%l`GJi8FH5[38< ��14GJM$FJY¥q=GHRfM$3[<�14O65���RTi8I$3658N¨�9Y 1���147fM=5[l`GJi�b=RfOZM 3%YP3%l`5[� 14M$N N=58i;1;Y�l`R q=OZRTN$I$i85 14M
14FJ��Rf3%l�q$I$O65 §������ ªK�$� �
5;14� : G�l`b 1���5;14M 58M=58OZ7)Y RA�S§f.	�¢��5[� ¦ � < � ªh. �Cb=5�M$5[I=l`O6GHM$R��
5;14�
58M=58OZ7)Y+36qE5[i[lZOZI$� 14M$N+q$OZR�
$FH5�14OZ5���5;1436I$OZ5[Nel`b$O6RfI$7fb+M$58IPl`OZGJM$R2GJM9l`58OZ14i[lZGHRfM=3��9Y"l`b=5�M$5814O M=58I=lZOZGHM=R
N$5�l`58i�l`RfO63�FJRPi81)l`5[N������4� N$Rt: M$36lZOZ5814� ��OZRf� l`b$5 lj1)OZ7f5�l;. D&M 5[36l`GJ��1�l`GHR4M R ��l`b$5�14�$36RfFHIPl`5�
�I!�
b�1432F�14O67f5e1)�v�$GH74I$GJlcY N$I=5+l`R�I$M$i85[O6l`14GHM9l`GJ583�GJM�lZb$5vq$O6GH��14O6Y q$O6R4l`R4M �E5814� GHM9l`5[M$3ZG�lcYf<ElZb$5vq$O6R4l`R4M
lj1)OZ7f5�l`GHM=7e5���i[GH58M=i[Yf<'1)M$N b�14N$O6RfM q$O6RPN=I$i[lZGHRfM i[OZRf363C3Z5[i[l`GJRfMK.��Cb$5[OZ5���RfOZ5)<$GHM$3%l`5814N R ��N$5[OZGJsTGJM$7el`b=5
14�$36RfFHIPl`5Xi8OZR43Z323658i�l`GHR4M���RfO2nCn i8Rfb$5[OZ5[M�l�q$GHRfM�q$O6RPN$I=i[l`GJRfMK<'l`b$5Xi8O6Rf3Z323Z58i�l`GJRfM�OZ1)l`GJR�lZR�l`b=5+l`R)lj14F
nCn GHM9l`5[O`14i�l`GHR4M¢GH3e��58143ZI$O658NK.¥�Cb=5 N�1)lj1�14OZ5 i[RfFHFJ58i�l`58N : G�l`b R4M$5 R �ClZb$5 M$5;1)OvN$5[lZ58i�l`RfO638<J��I$FHF�Y
14i�l`GJs45�3Zi[GHM9l`GJFHFH1)l`RfO�N$5�l`58i�l`RfO § LPi8GHdo14O`ª�<;��OZRf� u�i[l`R4�E5[O ©������elZR�|�58�$O6I�14O6Y ©������$<=i[RfOZO6583Zq
RfM$N=GHM$7vlZR
§���­�� §�� >Az q$OZR)l`RfM$3 RfM l`14OZ7f5�l § ��u���ª�.
�Cb$5 LPi8GHdo14OXN$5[lZ58i[lZRfO ¦1§��$ª�i[RfM$3ZGJ36lZ3eR �M§��$< � � � 5��Tl`OZI=N$58N q$FH1436lZGHi�3Zi[GHM9l`GJFHFH1)l`RfO�3%l`O6GHq$3XOZ5814N RfI=l

�9Y�:�1;sf58FJ58M$7)l`b 3Zb$GE� l`GJM$7�
��
58O63"14M$N �eI$FJlZG�m�1)M$RPN=5e��-��C3[.+B 14ijb FH1tY458O�i[RfM$36GH36lZ3�R � lc:�R q$F�14M=5832lZR
��5;1436I$OZ5 b$RfO6GHk[RfM9lj14F414M$N�sf5[O6l`GJi;14F9q
Rf36GJl`GJRfMK.��Cb$5 36i8GHM9lZGHFHFH1)l`R4OK14FJ3ZR 14i�l`3�143Kl`b=5�M=58I=lZOZGHM=RCGHM9l`5[O`14i�l`GHR4M
lj1)OZ7f5�l���G�l�GJ3 1 ��I$FJFJY 14i�l`GJs45�N$5�l`5[i[l`R4O 14M$N b�1)3 b$GH74b 5���i8GJ58M$i�Yv��RfO�FHRt: ��Rf��5[M9l`I$� q�14O%l`GJi8FH5[38.
LPi[GHM9l`GJFHF�1�l`RfO 3%l`O6GHq$3�: GJl`b�N$GH��58M=3ZGHR4M$3�RA�J§��	��� ©���©��������+i8��\C14O6521)OZO`1)M$7f58N�GHM�¬��eFH1tY458O638. �Cb$5236GHk[5
R ��l`b$5_N=5[l`5[i[lZRfO"GH3���������������� §�­�� i8��\"q$OZRtsTGHN$GJM$7 l`R)lj14F ��14363�R �W§$©�l`RfM$3[<K: b$GHFJ5�1�sfRfFJI$��5_R �
© ¬�� �X© ¬��!��§��>©��£©2i[��\ §�� ."� � l`RfM=3jª GH3 I$3Z5[N�1)3 1#
�N$I$i[G�14FTsfRfFJI$��5�GHMvlZb$GH3�1)M�14FJYT36GH38. p I$5�lZR�l`b$5$
�M=5
3Z5[7f��58M9lj1)lZGHRfM#<'lZb$5X��GJM$GH�vI=� OZ5[i8RfM=36l`O6I$i[l`14�$FJ5+l`OZ14ijS FH5[M$74l`b�GH3 � i[��.oD�l`OZ14ijS�
�M$N$GJM$7�5%��i8GH5[M$i[Y
R ����RfOZ5 l`b$14M ����� GJ3�14ijb=GH5[s458N8��RfO�1e3ZGJM$7fFJ5�lZO`14ijS_: GJlZb 1+lZO`14ijS�FH5[M$74lZb R ����RfOZ5�l`b�1)M §��4i[��.��Cb$5
l`OZ14ijS&
�M$N$GJM$7e5%��i[GH5[M$i[YD��RfOo1X3Z5[i8RfM$N#<$3Zb$R4O6l`5[O�lZO`14ijS�GH3�FHRt:�58O�lZb�14M�lZb�1)l+��RfO�lZb$5236GHM$74FH5 l`O`1)ijS�N$I=5
l`R Rts458OZFH14q¥: GJlZb lZb$5_q$O6GH��14O6Y l`OZ14ijS'.v�Cb$GJ3�5���i8GJ58M$i�Y¥GHM$i[OZ58143Z5[3": G�l`b lZO`14ijS FJ58M$7)l`b 14M$N O65;14ijb$5[3
� � � 1�l21�l`OZ14ijS FH58M=74l`b�R �'���)i8��.o�cM¥LPi[G�do1)O8<�l`b$5+5��Pq
58OZGJ��5[M9lj14F�3ZGJ7fM�1)lZI$OZ5"R � nCn i8Rfb$5[OZ5[M�l2q$GHR4M



q$O6RPN$I=i[l`GJRfM¢GJ3+lZb$5�5��=GJ36lZ58M$i[5 R � 5��=14i�l`F�Y�lc:�R�lZO`14ijS�38<��
R4lZb i8RfM=3ZGH3%l`5[M�le: GJl`b/��GJM$GH�eI$��GHR4M$GHk[GHM$7
q�14O%l`GJi8FH5[38<P14M$N FJRt:���R4��5[M�lZI$� l`OZ14M$3:��5[O�N$5%
�M$5[N�1)3���@�� §�� ��� ��� ª�@t<T: b=58OZ5 � �e14M$N �	� 14O65H��RfI$O
��Rf��5[M9l`I$� R � �eI$RfM�14M$N�M$58IPl`OZGJM$R$<$O65836qE5[i[l`G�sf5[FJYf.
�Cb$5 �&B�y�� q=OZRf7fOZ14��FHGJ�$O`14O%Yj¦�§>§�ª$GH3 I$3Z5[N�lZR�3ZGJ�vI$F�1�l`5 l`b$5CM$5[I=l`O6GHM$R2GHM9l`5[O`14i�l`GHR4M$3 : GJlZbvl`b$5�MTITm

i8FJ58I$3[. nCn i8Rfb=58OZ5[M9l q$GJRfM�q$O6RPN$I=i[l`GJRfM�GH3�36GH�vI=F�1)lZ58N���1)3Z58NXRfM�l`b=5 a�5[GHMX14M$N+LP5[b$7914Ff��RTN$58F�¦Q­$ªU.��Cb$5
i8O6Rf3Z323Z58i�l`GJRfM 1;sf5[O`147458N¥Rtsf5[O2l`b$5e^X©4^ M$58IPl`OZGJM$R�5[M$58O674Y�3Zq
58i[lZOZI$� GH32©�� � ©&� §�� k w V`i8��@�
)M�I$i[FH5[RfM
��RfO�i;14O6�ER4MK. �Cb$5���5[:�58FHF�YTM�LP��GJl`bX��RPN$5[F ¦�§�©$ª$14M=N+l`b=5Ca�5[GHMe14M$N_LT58b$791)FP��RPN=58F ¦�§��AªP14OZ5�58��q$FHRtYf5[N
��RfO
��I�1436G�mc5[F�143%l`GJi §�� B�ª 36i;1)l6l`58O6GHM$7 § ���W��� �  8���'ª 1)M$N�ijb�1)OZ7f5[N i8I$O6OZ5[M�l&3ZGJM$7fFJ5Xq=GHRfM § nCn'§ ¢�ª
q$O6RPN$I=i[l`GJRfM § ���b��� �  '��� ��¢�ª�<f: b$5[OZ5�� GJ3 1�MTI=i8FH5[RfMK<�OZ5[3Zq
58i�l`GJs458F�Yf.��Cb$5�1C�PG�1)F=sf5[i[l`R4O���14363
GHM lZb$5�N$GHq
RfFJ5 ��RfOZ�eI$F�1�RA��lZb$5_M�I$i8FJ58RfM«��RfOZ� �A14i[lZRfO�GH323Z5[l"lZR��
5 §f.E§��"5����)i @ ��RfO��
R4l`b � B 1)M$N
nCn'§ ¢�GHM9lZ58O`1)i[l`GJRfM$3
¦�§��Aªh. |'R4O N$585[q�GHM$5[F�143%l`GHi�3Zi81)lZlZ58OZGJM$7 § p �%L=ª�<):�5CI$365��XaK� � ��M�I$i8FJ58RfM�36lZOZI$i�l`I$O65
��I$M$i�l`GJRfM$3 ¦1§$©Cª�: GJlZb 1�i[RfOZO658i�l`GHR4M �9Y d�RTN$5[S¢14M=N } 14M$7 ¦1§�¬$ªh< : b=GHijb OZ5[N$I$i[583vl`b=5�i8O6Rf3Z3e3Z58i�l`GJRfM
�9Y/©>© � R4M¢1;sf5[O`14745D��RfO�lZb$5�^+©)^ M$5[I=l`O6GHM$R�58M$5[OZ74Y 36qE5[i[lZOZI$��. ��I$i8FJ5;14O"5�¥E58i�l`3+14OZ5_l`14S45[M¢GHM9lZR
14i[i8RfI$M9l2GHM �9m�� 3Zi81)lZlZ58OZGJM$7$. D23W��RfOCl`b$5+q$GHR4M$3&R4OZGH74GHM�1)lZGHM$7S��O6Rf� M$5[I=l`O6GHM$R�GHM9l`5[O`14i�l`GHR4M$38<E14�$36RfOZqPm
l`GJRfMK<E58F�1)36l`GJi+36i;1)l6l`5[OZGHM=7 14M$N¥ijb�14O67f5v5��=ijb$14M$7f5_GJM$3ZGJN$5+lZb$5elj1)OZ7f5�l�M�I$i8FJ58I$3"14O65ei[RfM$3ZGJN$58O658NK.X��GHR4M
i8O6Rf3Z3�3658i�l`GHR4M$3�14O65vi;14FJi8I$FH1)l`5[N I$36GHM$7 lZb$5v��RPN$5[F �9Y L=14FHi[58N$R 5�l"14FU.c¦1§$­Cª�: b$GHijb 1474OZ585[3�: GJlZb q�143%l
5��Pq
58O6GH��58M9lj14F
N�1)l`1�¦�§ � ªU<P: b$GJFH52q=GHRfM GJM9l`58OZ14i[lZGHRfM�RfI=lZ3ZGHN=5&l`b=52lj14O67f58N M�I$i[FH5[I$3oGH3�3ZGJ�vI$F�1�l`58N���143658N
RfM l`b=5XR)l`b$5[O�5��PqE5�l`GH��14M9lj1)FKN�1)l`1£¦1§ � ªU.
n�b�14O67f58N i[I$OZO658M9l § nCnCªX5[sf5[M9l`3�14OZ5�3Z58FJ58i�l`58N¨�9Y/OZ5���I$GJOZGJM$7�l`b$1)l�1)leFH5;1)36lvR4M$5 OZ5[i8RfM=36l`O6I$i[lZ58N

l`OZ14ijS 36l`14O6lZGHM$7�GHM l`b=5 
�N=I$i8GH14F�sfRfFJI$��5"R ��LPi8GHdo14O GH3 ��1)l`ijb=58N�: G�l`b�1�lZO`14ijS RfO b$G�l`3�GHM l`b$5X�vI$R4M
O`1)M$7f5 N$5�l`5[i[l`R4O § -�a p ªj¦�©��AªCFJRPi81)l`5[N��6I$36l��
58b=GHM$N LPi[G�do1)O § LPi[G�do1)O%m%-�a p 3Z14��q=FH5tª�.¥�¤GJl`b lZb$GH3
i8O6GJlZ58OZGJRfMK<�l`b=5�lZb$OZ5[3Zb$RfFJN®��R4OX�eI$RfM���Rf��58M9lZI$��<��`�T<�GH3 �;©���-�5���
)i). D2i[i8RfO6N$GHM$7 l`R�l`b$5�-�R4M�lZ5
no14O6FHR § -�nCª�3ZGH�eI$F�1)lZGHRfM#< ����� R �"l`b$5 5[s458M9l`3�3Z5[FH5[i[l`5[N �9Y l`b$5¥O65���I$GHO658��58M9l�14OZ5¥nCn GHM=N$I$i85[N
5[s458M9l`3[< 1)M$N¥l`b$5_O65836l+14O65vM$5[I=l`OZ14F i8I=OZOZ5[M9l § ��nCª2GJM�lZ58OZ14i[lZGHRfM$3"1)i8i8R4��q�1)M$GH5[N¥��Y 1 ijb�14OZ7458N q$GHR4M
RfO+q$OZR4lZRfM : b$GJijb qE5[M$5[lZO`1)lZ583vGJM�lZR�l`b=5 -�a p .��Cb$5 ��Rf��58M9l`I=� RA�Cl`b$5 �eI$RfM GJ3eOZ5[i8RfM=36l`O6I$i[lZ58N
��OZR4� G�l`3oOZ14M$7f5�lZb$OZRfI=7fb�LPi8GHdo14OC1)M$N�-�a p .P�Cb$5"OZ5[3ZRfFJI=l`GJRfM$39��RfO��`�_14M=N l`b$5"14M=7fFH52: G�l`b O6583Zq
58i�l
l`R lZb$5vM$5[I=l`O6GHM$R �
5;1)� N$GJOZ5[i[l`GJRfM! � 14OZ5 � �9-�5[��
)i_14M=N §4.�¬�N=587fO658583[.+�Cb=5�nCn�5�sf58M9lZ3": G�l`b¥RfM=5
RfOelc:�R�OZ58i[RfM$3%l`OZI=i[l`5[N lZO`14ijS�3�14OZ5 3658FJ58i[lZ58NK.¢�Cb$5 3`14��q$FH5�R � lc:�R l`OZ14ijS¢5�sf58M9lZ3�GJ3_N$GJsTGHN=58N GHM9lZR
lc:�R�i81)l`5[7fRfOZGJ583 R � � B 3`14��q$FJ5"14M$N�M$RfMPm � B 3`14��q$FH5��9Y I=3ZGHM=7�S�GHM=58��1)l`GJi�GHM*��R4OZ��1)l`GJRfM«¦�©!§�ªU. �Cb$5
3Z5[i8RfM=N lZO`14ijS GHM l`b=5¥M$RfMPm � B 3`1)��q$FJ5 GH3�l`b$5[M i[F�14363ZG 
�58N¤143 q=OZR4lZRfMPmcFJGHS)5 § M=RfMPm � B mcq=OZR4lZRfM'ª�RfO
q$GJRfMPmcFJGHS)5 § M=RfMPm � B mcq=GHRfM'ª���143Z5[N�R4M#"%$'&("*)�GHM*��RfO6��1�l`GHR4MK. �Cb$5"q�1)O6l`GJi8FJ5�GHN$5[M9l`G 
$i;1)lZGHRfM i814q�14�=GHFHG�lcY
GH3 sf5[OZG 
�58N I=3ZGHM=7ei8R43Z��GHi�O`1;Y��vI$RfM=3o14M$N�l`b$5&3Z5[i8RfM$N lZO`14ijS�3�GHM�lZb$5 � B 3Z14��q=FH54<9: b$5[OZ52lZb$5�F�1)l6l`58O



q$O6R�sTGJN$58321�q$O6R4l`RfM�3`14��q$FH5�: G�l`b 1�q$I$OZG�lcY R ����RfOZ5"l`b$14M � � � .��Cb$5+q$OZRf�$14�$GHFJGJlcY�l`R ��GH3�mcGHN=58M9l`GE� Y
1_�vI$RfM l`OZ14ijS 143 q$O6R4l`R4MPmcFJGHS452GH3M§f.�­ � : G�l`b�1_q$OZR4lZRfM 5���i8GJ58M$i�Y R � � � � .
�Cb$5onCn¢i8Rfb$5[OZ5[M�l q$GHR4Mei;1)M$N$GHN$1)l`5[3 14O65�5��Tl`O`1)i[l`5[NS��OZRf� lZb$5�M=RfMPm � B mcq=GHRfM"3`1)��q$FJ54.��Cb$5���1��6RfO

��14ijS�7fO6RfI$M$N/GH3XnCn'§ ¢ GHM9lZ58O`1)i[l`GJRfM¥: GJlZb�q=OZR4lZRfMK<Z�$�M� � �   k �]¢b¤��#��<�: b$5[OZ5�l`b$5�q$O6R4l`RfM�GH3
�
58FHRt:�lZb$OZ5[3Zb$RfFJN�RfO�Rtsf58O6F�14q=q$GHM$7X: GJlZb�R4lZb$58O�q�14O6lZGHi[FH5 l`O`1)ijST3[.�LPRf��52R �#l`b$Rf36525�sf58M9lZ3 14OZ5&OZ5��65[i[lZ58N
�9Y�OZ5���I$GJOZGJM$7�lZb$5eq$GJRfMPm�FHGHS)5�l`O`1)ijS�74RP5[3W��RfO%:o1)OZN N$I=5+l`R�l`b$5+��Rf��58M9lZI$� i8RfM=3Z58O%s)1)l`GJRfM£��RfO��
5;14�
N$GJOZ58i�l`GJRfMK.�B sf5[M Gu��l`b=5vq$OZR)l`RfM¥GJ32M$R4l2OZ5[i8RfM$3%l`O6I$i[lZ58N/143�1�l`OZ14ijS'<KGJl2i;14M¥�
5vN$5�l`5[i[l`5[N�143�1�FH14OZ7f5
58M=58OZ7)Y¥N$58q
Rf36GJl�GJM l`b$5vs458O6lZ5���3%l`OZGJq¥RfO�14N=N$GJlZGHRfM�1)F�b$G�l`3�1)OZRfI$M=N lZb$5vsf5[O6lZ5��E.�| GH74I$OZ58§ § 19ª&36b$Rt: 3
1 N$GH3%l`O6GH�$I=lZGHRfM¥RA��5[M$58O674Y¥N$5[qERf36GJl"GJM lZb$5_sf5[O6l`5���36lZOZGHq ��RfO�lZb$5�M$RfMPm � B q$GJRfM 3`14��q$FH5).v�Cb$5�- n
q$O658N$GJi[l`GJRfM£��R4O&l`b=5eN$GJ36l`O6GH�$IPl`GHR4M�R � 5[M$58O674Y�N$58q
Rf3ZG�l2GJM�l`b=5+sf5[O6lZ5��¥3%l`O6GHq GJ3�s458OZG 
�58N : G�l`b�lZb$5 � B
3`1)��q$FJ54<�: b$GHijb¢b�143eM=R�i8R4M�lZOZGJ�$I=l`GJRfM«��OZRf��M$R4MPm�sTGH36GH�$FJ5�q�14O6lZGHi[FH583[< 1)3+36b$Rt: M GHM/| GH7$.J§ § �'ª�. �Cb$5
5[s458M9l`3X: GJlZb�lZb$5�5[M$58O674Y N$5[qERf36GJlXFH5[3Z3�l`b$14M ­ -�5�� 14M=N¢M$R�14N$N$G�l`GJRfM�14F�b$GJlZ3+1)OZRfI$M=N�lZb$5�s458O%l`5��
36lZOZGJq 1)OZ5 3Z5[FH58i�l`5[NK. |�I$O%l`b$5[OZ��RfOZ5)<25�sf58M9lZ3 14O65¥OZ5���I$GJOZ5[N l`R¨b�1;s45/O658i8R4M$36lZOZI$i�l`58N �)@�FH5[3Z3 l`b$14M

0

50

100

150

200

0 10 20 30
(MeV)E in vertex strip

E
nt

rie
s 

/ M
eV(a)

0

40

80

120

0 10 20 30
(MeV)E in vertex strip

E
nt

rie
s 

/ M
eV

CC Coherent π
CC1π, DIS, NC
CC QE

(b)

��� RiOZN����t@.�(��<�G��.�(�`)$/-�1�Y�;��/-�
���1F�0.�-��)$@ ��@ �-,.�6X��(�-�
�B_£/
�
������2u)��'�-,.�8��	C%Y@.)$@.=���� �!�1)$@�/-	�4M�!�1���3F*%	���
/-	�4M�!�1��O
�bX���@A�-/VI����-,�	�7B�-�1X ���?G��1��/-/J�-,�	�@���
K�(T 	��-�H/
���1��7B�
����O

�=.E§�� § �"5����)i;ª @ �ElZb$GH3&OZ5�lj14GJM$3�14�
RfI=l � � � R � i[Rfb$5[OZ58M9l�q=GHRfM�5[sf5[M9l`38.��/5vO658i8R4M$36lZOZI$i�l�� @ ��OZRf� �`�
14M$N� �P<=: b$58O65XlZb$5"M$58IPl`OZGJM$R���R4��5[M�lZI$� § � � ª�GJ3Ci;14FJi8I$FH1)l`5[N�1)3Z3ZI=��GJM$7 � B GHM9l`5[O`14i�l`GJRfM�143

� ��� §
©
§�� @� ��� @� ªs� ©��\� §���� ���eª � §���� ���+ª%@���\� � §���� ���eªs� �*��i8Rf3  �

: b$5[OZ5 � ��� ��� GJ3 l`b$5¥q$O6R4l`R4M § M$5[I=l`O6RfM'ª���143Z3[<��8� GJ3�l`b=5��eI$RfM���143Z3 14M=N���GH3�l`b$5¥M�I$i[FH5;1)O
q
R4l`5[M�lZG�14F�3Z5�lX1)l"©>­ -�5[�v.#D2FJlZb$RfI$74b � B¤GHM9lZ58O`1)i[l`GJRfM¥GH32143Z36I$��58NK<KlZb$5 �)@i��R4O2l`b$5�nCn i8R4b$58O658M9l
q$GJRfM/q=OZRTN$I$i[lZGHRfM#<�: b=GHijb GJ3X5��PqE5[i[l`5[N¢l`R��
5�s458O6Y�36��14FJF�N$I$5�l`R l`b$5�3Z��14FJF�3Zi;1�lZl`5[OZGJM$7�1)M$7fFH5���RfO
�vI$R4MK<$GH3CO658i[RfM$36lZOZI$i�l`5[N�: GJlZb�1_O6583ZR4FHI=lZGHRfM R � �=.	�*§�� § ��5[����itª @ 14M$N�3Zb=Gu� l R � �=.	��� � § ��5[���)itª @ .



�Cb$5���14ijS�7fO6RfI$M$Nvi[RfM9lj14��GHM$1)l`GJRfM�GHM"l`b$5�3`1)��q$FJ5 GH3�583%l`GH��1)lZ58NX��Y�lZb$5�- n¢3ZGJ�vI$F�1�l`GHR4MK.K�cMeR4OZN$5[O
l`R�i8RfM=36l`OZ14GHM�l`b$5�I$M$i[58O6l`14GHM9lcY�N$I$5�l`R�lZb$5�M$58I=lZOZGJM$R�GJM�lZ58OZ14i[lZGHRfM/i8OZR43Z3e3658i�l`GHR4MK< M�I$i[FH5;1)Oe5�¥E58i�l`3[<
14M$N�l`b$5&N$5[lZ58i�l`RfO�36YT36lZ58��1)l`GJi838<Tl`b$5�OZ5[i8RfM=36l`O6I$i[lZ58N ��@ § ��@

�����
ª�N$GH3%l`OZGJ�$I=lZGHRfM$3 R �#l`b$5�5[s458M9l`3o: G�l`b ��@

�����
��RfOZ5elZb�14M �=.E§�� § �"5����)itª @ GHM�lZb$5_RfM$5vlZO`14ijS'< � BC<#M$RfMTm � B q$O6R4l`R4M 14M$N¥M$RfMTm � B q=GHRfM¥3Z14��q=FH583
14O65 
$l6l`5[N 3ZGJ�vI$FJl`14M$5[RfI$3ZF�Yf.o�cM�l`b$5 
$lZlZGHM$7=<'lZb$5XM$RfMPm � B lZR � B�OZ5[F�1)lZGJsf5"i[OZRf36323Z5[i[lZGHRfM OZ1)l`GJR$<$l`b=5
��147fM$G�l`I$N$5+R � l`b$5_M�I$i[FH5814O�5�¥E58i�l`3X14M$N lZb$5_��Rf��5[M9l`I$� 3Zi814FH5S��R4O2�vI$R4M$3"14OZ5+l`OZ581)l`5[N�143#
$l6l`GHM=7
q�14OZ14��5[l`5[OZ3[.�| GJ7fI$O65X©�36b$Rt: 3&l`b=5 ��@

�����
N$GJ36lZOZGH�=I=l`GJRfM$3CR ��l`b$5"N�1)l`1�: G�l`b l`b$5+- n 3ZGH�eI$F�1)lZGHRfM 1C� l`58O

l`b=5 
=lZl`GJM$7$. �Cb$5�� @ s)14FHI=5"1)l l`b$5X�E5[36l 
$l�GHM l`b=5XO6587fGJRfM$3C: GJlZb � @
�����
74OZ5;1�l`58OClZb�14M �=.u§�� § �"5����)itª @

GH3W­��=.£© ��RfO � ©_N=587fO658583�R �t��OZ5[58N$Rf� § p u�|�ª�.

0

500

1000

0

50

100

0

50

100

100

200

 (a) 1 Track (b) QE

(c) non-QE Proton (d) non-QE Pion

Data
CC coherent π

CC 1π, DIS, NC
CC QE

0 0.5 1
q2   (GeV/c)2rec

0 0.5 1
q2   (GeV/c)2rec

0 0.5 1
q2   (GeV/c)2rec

0 0.5 1
q2   (GeV/c)2rec

��� RiOe� �LU�,.��� @����� �;��/
�
����F�0.�-�1)$@;/
23)��i�-,.�j��	C%6NB�
��	�7
	!�9�3F*%	� �V����7�%H@.)$@.=����s=^�;��)��
)$@��s	�@;� ���*%Y@.)$@.=����s=
���1)$@ /-	�4M�!�1��/(O��c��	�7
	S7(�1��7(�1��/c/-,;)�I �-,.�
)�F�/
�(�-X�������	��-	'	�@��6)��`��@��.,;	��-7:,.�����;	�@;� q��E�1���L,;�E/
�
)�<���	�4d/c/-,.)�I
��� 7B)$,.�(�-��@A�\���1)$@j�;��) �;0�7B�-�1)$@�� ��� =�N���� � ��� � a � ��	�@;� � � �(X���@C�-/\��/-�-��4d	��
���8F GD�-,.� 
 � /-��4'0;��	��-�1)$@��
�-��/
�`��7B�-�1X�����G�Ob�+���*q;<$0;�-��/c	��-�\@.)���4d	������(���LF GL�-,.�\@ 0;4HF*�(�c)�2 �(X���@C�-/JI+�1�-,�� @����� 4d)��-�
�-,;	�@S">O�N("6R9�(T�� 7 @ O

| GJ7fI$OZ5 ��3Zb$Rt: 3�l`b$5��)@
�����
N$GH3%l`OZGJ�$I=lZGHRfM ��RfOCl`b=5 
�M�1)F nCn i8Rfb$5[OZ5[M�l2q$GHR4M�3Z14��q=FH54.��Cb$5eM�I$�e�E5[O

R �C5�sf5[M�lZ3vGHM/5;14ijb¢3Z58FJ58i�l`GHR4M¢36lZ58q GJ3+36I$����14O6GHk[58N�GHM�� 14�=FH5���l`Rf7f5�l`b$5[OX: G�l`b�l`b$5�5���i8GJ58M$i�Y¢1)M$N
q$I$O6GJlcY4. �cM¢l`b$5�3ZGJ7fM�14F�O6587fGJRfM¢R ���)@

�����
FJ58363+l`b$14M � �E§�� § ��5[���)i;ª @ <+§>§�� i8Rfb$5[OZ5[M�lvq$GHRfM�i;1)M$N$GHN$1)l`5[3

14O65 ��RfI=M$NK. �Cb$5�5���i8GJ58M$i�Y R �XnCn i8R4b$58O658M9l q$GJRfM q$OZRTN$I$i�l`GHR4M 143�1®��I=M$i[lZGHRfM R �2lZb$5�M=58I=lZOZGHM=R
58M=58OZ7)Yf<K5[36l`GJ��1�l`58N���Y�l`b$5_- n 3ZGH�eI$F�1)lZGHRfM#<
GJ3236b$Rt: M�GJM¥| GJ7$. �$.��Cb$5elZR4lj1)F 5���i[GH58M=i[Y GJ3�©!§4.u§ � .
�Cb$5 5��=q
58i�l`5[N M�I$�e�E5[OvR � ��14ijS�7fO6RfI$M$N¨5�sf58M9lZ3�GJM/lZb$5 OZ5[7fGHR4M GH3�§>§>§f. �$. DW� l`58Oe3ZI$�=lZO`14i�l`GJM$7�l`b=5
��14ijS�7fO6RfI$M$N�14M=N�i[RfOZO658i�l`GHM=7i��RfO�lZb$5C5���i8GJ58M$i�Yf<9l`b=5CMTI=�v�E5[O�R �'i8R4b$58O658M9l�q$GHRfMe5[sf5[M9l`3�GH3 ��5;1436I$OZ5[N
l`Re�E5d­ ��¬���� ©����	��� § 3%lj1)l��£ª�<P: b$GJFH5 �;­��e5�sf58M9lZ3&1)OZ525��PqE5[i[l`5[N ��Y�l`b$5�- n 3ZGJ�vI$F�1�l`GHR4MK.�D&3C1eO6583ZI=FJl;<
M$R�5[sTGJN$58M$i[5+RA� i[Rfb$58O658M9l&q$GHRfM q$O6RPN=I$i[lZGHRfM GH3
��R4I$M$N�GHM l`b$5"q$O6583658M9l2N$1)lj1_3Z5�l;.



0

40

80

120

0 0.2 0.4 0.6 0.8 1 1.2

   Data
CC Coherent pion
CC1π,DIS,NC
CC QE

q2   (GeV/c)2
rec

��� R'O`P �tUV,.�
�-��7B)$@�/
�
��0;7B�
��� � @ ����/
�
���1F!0.�-�1)$@L�E@��-,.�\q�@;	���/�	�4M���1��O

�
	��-	 � � 7(�1��@;7BG��t0.�����?G
� 7(���c	��
=�
���� N("�"��Cn � �AOQn$o P OQg$o
UJI�)M�
��	�7
	 P�P�n�g P�# OQ#$o # O�N�o
a�)$@.=����«����)$@ ���CP � �AO ��o N	�.O
�$o
� ��7B)$@;���
�:	�7
	��;�1�-��7B�-��)$@ � ��P � �AOQP$o N�# O
�$o
a�)d	�7B�-��X �1� G�	��-)$0;@;���-,;�\X��(�-�
�B_ ��n � ��P OQn$o ��� OQ�$o
� @�����
� ">f�N(";�^R9�(T�� 7�% @ N�N�P �>N�O�N�o � �AO�N�o

Ul����� � � �!UV,;�W@A0�4WF`�(�V)�2s�(X���@A�-/(�`�-,.�	
 � � � 7(�1��@;7BGK	�@;�D��0.���1� G6)�2b7B)$,;�(�-��@C�9���1)$@K�(X���@C�-/
	�23�
�(�+��	�7:,
/
���1��7B�-��)$@�O

�Cb$5�l`R)lj14FKM�I$�e�E5[O�RA��nCn GJM9l`58OZ14i[lZGHRfM=3CGH3C583%l`GJ��1)lZ58N �9Y I$36GHM$7�l`b$5+LPi[G�do1)O%m%-�a p 3`1)��q$FJ54.�D&3
3Zb=R�: M GHM¢� 14�=FH5 �j<+§������ � 5[sf5[M9l`3�14OZ5 GJN$58M9lZG 
�5[N¨143el`b=5�LPi8GHdo14O%m�-�a p 3`14��q$FH5).¥�Cb$5 N$5�l`58i�l`GJRfM
5���i[GH58M=i[Y�14M$N�q$I$OZG�lcY���RfO�nCn GHM9l`5[O`14i�l`GJRfM�GJM�lZb$5�3`14��q$FH5�14O65&5[36lZGH��1)l`5[N�l`RX�
5i© ¬P. ��� 1)M$N ��� ."� � <
OZ5[3Zq
58i�l`GJs458F�Yf<��9Y l`b$5 - n 3ZGH�eI$F�1)lZGHRfM#. d�Y�i8RfO6OZ5[i[l`GJM$7���RfO"l`b=5�5���i[GH58M=i[Y¢14M$N q$I=OZGJlcY4< l`b=5�l`R)lj14F
M�I$�v�
58O R �vnCn 5[sf5[M9l`3�GJ3 Rf�=l`14GHM=58N¤143 § §�� ­�� � � �"�f© § 3%lj1)l��£ª6ª � §�� w . �Cb$5 i8O6Rf3Z3 3Z5[i[lZGHRfM¤O`1�l`GHR
R �vnCn i[Rfb$58O658M9l�q$GHRfM�q=OZRTN$I$i[lZGHRfM�lZR¨lZb$5 l`R)lj14F"nCn GHM9l`5[O`14i�l`GJRfM�GH3 ��5;1436I$OZ5[N lZR¨�E5 § � �"��� �

� ��© ��§ 36lj1�l���ª ¤$V�� \c@k V�� \c~ § 36YT36l��?ªZª$� §�� k @;.
LTYT36lZ58��1)l`GJi�I=M$i85[O6lj1)GHM9l`GJ583Z��R4O�lZb$5oi8O6Rf3Z3�3Z5[i[l`GJRfMvOZ1)l`GJR�14O65�36I$����14O6GHk85[NeGJMe��14�$FH5��Z�j.��Cb$5���1��6RfO

i8R4M�lZOZGJ�$I=l`GJRfM$3�i8Rf��5Y��OZRf� I$M=i858O%lj14GJM9l`GH5[3�R �KMTI=i8FH5814O�5�¥E58i[lZ3C14M$N�l`b$5&M$58I=lZOZGJM$ReGJM�lZ58OZ14i[lZGHRfM���RTN$5[Fh.
�Cb$5 I$M$i[58O%lj14GJM�lcY¨N=I$5 l`R M�I$i8FJ5;14O_5�¥#5[i[l`3�GH3_5[36lZGH��1)l`5[N ��Y s)14O%YTGHM$7 lZb$5 i8OZR43Z3�3Z5[i[l`GJRfM$3�R �&q$GHR4M
14�$36RfOZqPl`GHR4M 14M=N 5[F�143%l`GHi 36i;1)l6l`5[OZGHM=7/�9Y � ��� � ��143658N RfM lZb$5�14i8i[I$O`14i�Y R ��O65���58O658M$i[5�N�1�lj1 ¦�§ � ªh.
�Cb$5XI$M$i[58O6l`14GHM9lZGH583 GJM � B 1)M$N nCn'§�¢¢GJM�lZ58OZ14i[lZGHRfM$3 1)OZ5"583%l`GH��1)lZ58N �9Y ijb�14M$7fGJM$7_l`b$5X1C�PGH14F#sf5[i[lZRfO



0
0.25

0.5
0.75

1

0.25
0.5

0.75
1

CC all Coherent π

CC all

0 1 2 3
Eν (GeV)

0 1 2 3
Eν (GeV)

0 1 2 3
Eν (GeV)

0 1 2 3
Eν (GeV)

A
rb

itr
ar

y 
un

it

A
rb

itr
ar

y 
un

it

Coherent π


��� RiO �.�tU�)����bUV,.�\@.��0.�
���E@.)H��@;�(�-<�G6/
�`��7B�
��0�4 2u)��J�-,.�\�
)��-	���7�,;	��-<����D7(0.�-�-��@A�c�(X���@C�-/+	�@;�S�-,.�\7B)$,.�(�-��@A�
���1)$@L�(X���@C�-/�O � @L�-,.�9q;<$0.�-��/(�A�-,.�+,�	��-7�,.���S,;��/-�
<���	�4d/t/�,.)�I �-,.�+�;�(�
��7B�
���S�(X���@C�-/(O �Z)��
�
)$4K�tUV,.�V� � 7(�1��@>=
7(�1��/\	�/\	S2�0;@;7B�-�1)$@j)�2�@.��0.�
����@;)6��@.�(��<�G���/
�-�E4d	��
���8FAG 
 � /���4H0���	��-�1)$@�O � X��(�:	����e� � 7(�1��@;7(����/9	����L#�g OQn$o
	�@;�D�>N�O�N�o 2u)�� ��� ��@A�
�(��	�7B�-�1)$@�	�@;� ��� 7B)$,.�(����@C�V�!�1)$@S�;�-)>�;0;7B�-�1)$@�� ����/
�`��7B�-�1X����1G�O

��143Z3+��Y � �=.u§�� ��5[���)i @ .�|�RfOXN$5[58q GHM=58F�1)36l`GJi�3Zi;1�lZl`5[OZGJM$7$< lZb$5�5�¥#5[i[l_R ��l`b$5�d�RPN=58S/14M$N } 14M=7
i8R4OZOZ5[i[lZGHRfM GJ3e5�s41)FHI�1)lZ58N �9Y/ijb�14M$74GHM$7�lZb$5 i[RfOZO658i[lZGHRfM¢��Y � ��� � . �Cb$5 � @

�����
N$GH3%l`OZGJ�$I=lZGHRfM�R �Cl`b=5

M$RfMTm � B q$O6R4l`R4M 3`14��q$FH5�GHM$N$GJi;1)lZ583_1)M 1)N$N$GJlZGHRfM$14F�N=5�
�i[GJl�R ����14ijS�7fO6RfI$M$N 5[s458M9l`3�GHM lZb$5 OZ5[7fGHR4M
� @
�������

� �E§��"��5[����i @ .�nCn'§�¢�GJM9l`58OZ14i[lZGHRfM_N=Rf��GJM�1)lZ583 5�sf5[M�lZ3�GJMvl`b$GJ3 OZ5[7fGHR4MK<4: b$GJFH5oG�l`3 i[OZRf363�3Z58i�l`GJRfM
b�143 36GH7fM$G 
�i;1)M�l I$M$i85[O6l`14GHM9lcY_N$I=5 lZR"MTI=i8FH5814O 5�¥E58i�l`38. �/5C583%l`GJ��1)lZ5ol`b$5 1)��RfI=M�l RA�#q
Rf3Z36GH�$FJ5oN$5%
�i8G�l
: GJlZb lZb$5 3`14��5 ��1)M$M$58O�1)3�N$5[3Zi[OZGJs458N GHM ¦�©!§ ªC: G�l`b¨l`b$5 RfM$5 lZO`14ijS'< � B 14M=N M$R4MPm � B q$O6R4l`R4M
3`1)��q$FJ583[. �¢5#
$M$N l`b�1)lC1�©�� � 3ZI$q$q=OZ58363ZGJRfM�RA��nCn'§ ¢�5[sf5[M9l`3�GHM�lZb$5��)@� ��� � FH5[3Z3olZb�14M �=.E§��_��5[����i @
GH3�14FHFJRt:�5[NK<T: b=GHijb GJ3�l`O65;1)lZ58N i[RfM$3658O6s)1)lZGJs458FJY�143�1e36YT36lZ58��1)l`GJi2I$M=i858O%lj14GJM9lcYf. �Cb$5�I$M=i858O%lj14GJM9lcY�N$I=5
l`R"q$GJRfM_GHM9lZ58O`1)i[l`GJRfM_RfI=lZ3ZGJN$5Cl`b$5ol`14OZ7f5�l M�I$i8FJ58I$3 GH3�5[36lZGH��1)l`5[N��9Yvs)14O%YTGHM$7�lZb$5 i8OZR43Z3 3Z5[i[l`GJRfM���143658N
RfM l`b$5+14i[i8I$OZ14i[Y�R ��l`b$5XOZ5���58OZ5[M$i85+N�1)l`1 ¦1§ � ª�14M$N���RfI$M=N�l`R��
5+M$5[7fFHGJ7fGH�=FH54. �/5+14FH36R�i[RfM$3ZGJN$58O l`b=5
I$M$i[58O%lj14GJM�lZGH5[3XRA��lZb$5�5[sf5[M9lv3Z5[FH5[i[l`GJRfMK<�: b$5[OZ5_l`b$5�N$Rf��GHM$14M9l�58O6OZRfO"i8R4��5[3d��O6Rf� lZO`14ijS¥i[RfI$M9l`GJM$7$<
N$5�l`58i�l`RfO O6583Zq
RfM$365+36I$ijb 1)3�36i8GJM�lZGHFJF�1)lZRfO���I$5[M$ijb$GHM=7$<'14M$N�M$58IPl`OZGJM$R�58M$5[OZ74Y 36qE5[i[lZOZI$� 36b�14q
54.
u�I$O�OZ5836I$FJl�GH3�i8R4M$3ZGJ36l`5[M9l : GJlZb+l`b=5�M$RfMTmc5��PGJ36l`5[M$i85�R �
nCn¢i8R4b$58O658M9l�q$GJRfMeq$O6RPN=I$i[lZGHRfMK<)14M$Neb$58M$i[5

:�5+365[l&14M I$q$q
58O FHGJ��G�loRfM lZb$5"i8OZR43Z3�3Z58i�l`GJRfM O`1)lZGHR�143[<

� § nCn i[Rfb$58O658M9lW¢�ª � � § �$� ���eª � � ��¬�� � §�� k @ § � � � no��ª%�

�Cb$5�Rf�=l`14GHM$5[N+I=q$qE5[O�FJGH��GJl#GH3�GHM$i[RfM$36GH36lZ58M9l�: GJlZbXlZb$5�q=OZ58N=GHi[lZGHRfM"R �Pl`b$5���RPN$5[F9�9YXa�5[GHM+14M$NeLP58b$7f14Fh<
©�� ¬.­ �M§�� k @t. |�RfO�OZ5���58O658M$i[54<fl`b=5�lZR4lj14FTnCn¢i[OZRf363 3658i[lZGHRfM+GH3�i;1)FHi8I=F�1)lZ58N+143+§��"�.­ �M§�� k \crji8��@��)M�I$i[FH5[RfM



�t�-�-)���/-)$0.��7B� 0;@;7B�(�-�-	��E@C� G`�BhVN(" k @ %
a90;7(�1��	��+���*��7B�-/ �
">OQ��P =?">OQ���
� @A�
�(��	�7B�-�1)$@D4d) �.�����
">O�N(" =?">O "$n
� � N���/-0.���;�-��/-/-��)$@��
">O�N	� =
�tX���@C�9/
���1��7B�-�1)$@ �
">O�N�N =?">O�N �
�9�(�
��7B�
)��
�-��/
�`)$@;/-���
">O "$n =?">O�N�g
�Z@.�(�-<�G�/
�`��7B�
��0;4 �
">O "$P =?">O "$P
U )��-	�� �
">OQP�� =?">OQP�#

Ul����� � � � �;UV,.�Y/-0�4d4d	��-G6)�2l/
G>/
�
��4d	��-�E7\�(�-�-)���/���@S�-,.�W7B�-)$/�/V/
��7B�-�1)$@D��	��-�1)

GHM�l`b$5&M$58IPl`OZGJM$R_-�n 3ZGH�eI$F�1)lZGHRfM��9Y�1;sf58OZ147fGJM$7eRtsf5[O�l`b=5�^X©4^ M$5[I=l`O6GHM$Re�E5814� 58M$5[OZ74Y4. �Cb$58O65�14O65
R4lZb$58O���RTN$5[FH3�q$O658N$GJi[l`GJM$7XFHRt:�5[O�i[OZRf363�3658i[lZGHRfM=3i¦�©f©�¨=© �AªU<P�$IPl�lZb$5[Y�N$R+M$R4l�q$O6R�sTGJN$5�lZb$5�STGJM$58��1)lZGHi83
R � q$GJRfM$3214M$N G�l�GH3&N$G ��i[I$FJl�l`R ijb=58ijS�lZb$58� N$GHO658i�l`FJY4.2D&3Z3ZI=��GJM$7�l`b=5vOZ5[F�1)lZGHRfM � § nCnCª � © � § �2nCª
N$5[OZGJs458N ��OZR4� GH36Rf3Zq=GHM O658F�1�l`GHR4MK<ElZb$5_OZ5[3ZI$F�l"GH3�14FJ3ZR GJM$i8R4M$3ZGJ36l`5[M9l�: GJl`b lZb$5 
�M$G�l`5_i[OZRf363�3Z58i�l`GJRfM R �
� § ��n i[Rfb$5[OZ58M9lM¢�ª � § ©>­��p­fª � §�� k w V`i8��@�
)D&F�M�I$i[FH58I=3�OZ58q
RfO%l`58N���Y�l`b$5+D�14ijb=58MPmc� 14N$OZ1 7fOZRfI=q
¦�©>©CªK: G�l`b�14M�1ts458OZ147f58N��E5814� 5[M$58O674Y R � ©P.	����5[�e.
�cM�3ZI$����1)O6Yf<�:�5+O658q
RfO6l&RfM�1�365;14O6ijb���RfO&nCn i8R4b$58O658M9l�q$GJRfM�q$OZRTN$I$i�l`GHR4M��9Y��vI$R4M�M$5[I=l`O6GHM$R43

: GJlZb 1 ��5814M¢5[M$58O674Y�R �i§4."���"5��v.��Cb$5�N$1)lj1�i8RfO6OZ5836qER4M$N$GHM=7�l`R®§���­��v§��T>Azv��u�� 1)OZ5�OZ58i[RfOZN=58N
: GJlZb_l`b$5�^X©4^2m%LPi[G�do1)O N$5�l`58i�l`RfO[. �&R"5[sTGJN$58M$i[5&RA��nCn¨i8Rfb$5[OZ5[M�l�q$GJRfM_q$OZRTN$I$i�l`GJRfM�GH3c��RfI$M=N�1)M$N�14M
I$q$q
58O&FHGJ��G�l RfM�lZb$5vi8O6Rf3Z3&3Z5[i[l`GJRfM OZ1)l`GJR�R ��nCn i[Rfb$5[OZ58M9l"q$GJRfM�q=OZRTN$I$i[lZGHRfM�l`R�l`b$5Xl`R4l`14F�ijb$14OZ7f5[N
i8I=OZOZ5[M9l�GJM�lZ58OZ14i[lZGHRfM�GH3�365[l�l`RX�E5 � § i[Rfb$5[OZ58M9lW¢�ª � � § ��� ���+ª � � � ¬�� �8§�� k @ §�� � � no��ª��9�Cb=GH3 OZ5[3ZI$F�l
GH3vlZb$5�
�OZ3%l�5��Pq
58OZGJ��5[M9lj14FCFJGH��GJlL��RfOvijb�14O67f58N i8I$O6OZ5[M�l�i[Rfb$58O658M9l�q$GHRfM q=OZRTN$I$i[lZGHRfM¨�9Y M$5[I=l`O6GHM$R43
: GJlZb 58M$5[OZ7fGJ583 R � 1K��5�:���5[�v.
�/5�l`b�14M=S�l`b$5X^"B ^ 14M=N��%noa�a N$GJOZ58i�l`RfOZ1)l`5[3
��RfOol`b=58GHOC3%l`O6RfM$7�3ZI$q=qERfO%l&14M$N�58M$i[RfI$O`1)7f58��58M9l;.

^X©4^ GJ3C��1)N$5"qERf363ZGJ�$FH5��9Y lZb$5"GHM9sf5[M�lZGJs458M$5[3Z3�14M=N�lZb$5"N$GHFJGH7f5[M�lo5�¥ERfO6lZ3�RA��lZb$5X^XB ^2m���L ��1)ijb$GHM$5
7fO6RfI$q 1)M$N �
5;14� ijb�14M=M$58F
7fOZR4I$qK. �/5&7fOZ1)l`5���I$FHF�Y�14ijS�M$Rt: FH5[N$7f52lZb$52i[RPR4qE5[O`1)lZGHRfM�R �KlZb$5�^"14��GHRfS�1
-�GJM$GHM$7�14M=N_LP��58F�l`GHM=72n�R4��q�1)M�Y4. �Cb$GJ3�:�RfO6S"b�143��E5[58Mv36I$q$q
RfO6lZ58Ne�9Y"l`b=5o-�GJM$GH3%l`O%Y�R ��B�N$I=i;1)lZGHRfMK<
n�I$F�l`I$O654<=LPqER4O6l`3[<PLPi8GJ58M$i[5�14M$N���5[ijb$M$RfFJRf74Y�R �El`b$5��"Rts458OZM=��5[M�l�R ��Wf1)q�14MK<9l`b=5�Wf14q$14M LPRTi8GJ5[lcY���RfO
��OZRf��R4lZGHRfM RA� LTi8GH5[M$i85)<=l`b=5"y+.�LE. p 58q$14O6lZ��5[M�loR ��B M=58OZ7)Yf<$l`b=5"^"R4OZ5;1_a 58365;14O6ijb�|�RfI=M$N�1)lZGHRfMK<�l`b=5
^�RfOZ581¥LPi[GH58M=i85 14M$N B M=7fGHM$5[58O6GHM$7¥|�RfI=M$N�1)lZGHRfMK< ��L=B aCn no14M�1)N�1¥14M$N no14M$14N�1¥|�RfI$M$N$1)l`GJRfM ��RfO



�cM$M$Rts)1)lZGHRfMK<)l`b$5C�c3%l`GJlZI=l`R��214k[GHRfM�1)FH5�N=G$| GJ3ZGHi81��&I=i8FH5814OZ5 § ��lj1)FJY=ª�<4lZb$5�LPq�1)M$GH36b�-�GHM$GJ36lZO6Y+R �#LPi8GJ58M$i[5
14M$N���58ijb$M$R4FHRf74Y4<'14M$N���R4FHGH36b�^Xd���74O`14M9l`3��Y§t�'���fd$� � ©f©>­v14M$N®§t�'���fd!��� � © ¬P.

� N�� �lO;T
����	���@ �]�V�/�:  � ��� � � 
�= � � � )$���E	�F*)��:	��-�1)$@��^� �t,AG /�O ���(�
�(O	��

��
��*��g �K� N�n�n�P$%:O
����� �lO 
�	���	�<�� �]�V�&��  � � � � � & �9#�n � )$����	�F`)���	��-��)$@��^���lO �t,AG /�O����	
��!#���PD� N�n���n$%:O
��P�� �lO 
�	���	�<�� �]�V�&��  � � � � � & �9#�n � )$����	�F`)���	��-��)$@��^���lO �t,AG /�O���
�����N�n>N6� N�n���g$%:O
� ��� � O	�.O!R
��	�F`)$/-7�, �0�d�&��  � � [Y�sU � )$����	�F`)���	��-�1)$@��^���eO �t,AG /(O���
��;�*��"$PD� N�n���g$%:O
��#�� � O & ������) 7�� �0� �/��  � � a9� � �Zg�P�� � )$����	�F`)���	��-�1)$@��^� �Z,CG>/(O �V�(X*O������!�!��g�g>N � N�n�n�P$%:O
��g�� � O �tO��9�;�1�(��� �t,AG>/(O �V�(X*O
��
! `� �cn�g�P�� N�n�g��A%:O
� �"�6�'O ������@K	�@;� �tO 
�O � ��,.<$	��r�;a90;7(�rO �Z,CG>/(O �$#�#�
��!��nD� N�n���P$%:O
� ��� � O � O��9,;@ �]�d�/�:  � [W��[ � )$���E	�F*)��:	��-�1)$@��^� �t,AG /�O ���(�
�(O �$ �������N ���D�r��"�".N�%
��n�� � O;a9	 	�	�G$	�4d	 �0� �/�:  � [H��[ � )$����	�F`)���	��-��)$@��^��� 	��&%9��X!� ,.�(�;=^�B_ � "��$" �>N�P����
� N("'�6[MO;a9�1�
�-	 �]�V�&��  ��a90;7(�rO � @;/
�
��0;4KO 
D�(�-,�O��( �
	 `� N	� �K�r��"�"��A%
� N�N��*)iO � 	�G$	��
).�`a+0;7(�^O �t,AG /(O �t�-)>7�O � 0.�;�!�rO!�	�+#���N � N$�r��"�"$�$%
� N���� � O � O � �1�(IZ���E�1G @ � 4L�1�-,�� �t,AG /�O �V�(�;�(O�
��!��g>N6� N�n ���$%
� N�P��6�'O ������@K	�@;� �tO 
�O � ��,.<$	��r�;�9@;@�O �Z,CG>/(O���
	
�� ��n�� N�n��>N�%
� N	���LT'O ���(��@;	������ �bO �t��)$0;	��.��,;�����r�A	�@��-,WO`R'O 
D����/-/-@.�(�����;O �t,AG>/(O!R\��� � �HNd�r��"�"$�$%:�*,;�(�.=^��, � ".N(" � " ���
� N�#�� 
 O R
�/.0;7
	!� �VO �V�(G$	>�*	�@;�K�H�;Ts)�<��(���eO �t,AG /(O���0��*� �CP�PD� N�n�n�#$%
� N�g��6�HO ��) �;��	S	�@��1,WO�[dO�)t	�@.<.�!a90;7(�rO �Z,CG>/(O �b��) 7�O � 0;�;���rO�����#`� � "��r��"�"$�$%
� N �"� �tO �bO � 	��E7B���.)M�(��	��rO�a90;7(�rO �Z,CG>/(O	23�	4����!#�# �D� N�n����$%
� N ��� � O � O �'O � @.<���	�4 �0� �/��  � �Z,CG>/(O �V�(X*O � #��!��N�# ����� N�n���P$%
� N�n��6�HO � O � 	����-)$��� �0�V�/�:  � �Z,CG>/(O ���(X!O � �5���Qg�P�#j� N�n ��g$%
����"'�6U\O � /-,���� �0� �/��  � [W��[ 
 �+�pR9�-)$0.���^��a+0�7(�rO � @�/
�
��0;4�O 
D�(�-,�O��6�!4	#`�`�����j�r��"�"$�$%�� �b�-�:	��-0;4i=?�1F��E��O �

�!4�4��`g ��PK�r��"�"$�$%7�
���>N�� ��O��+�E��0 �0� �/��  � [W��[ � )$����	�F`)���	��-�1)$@��^� �Z,CG>/(O ���(X!O ���(�
�(O!8�����" �>N ��"$�j�r��"�"$#$%
������� ��O��WO �e	�/-7:,.)$/9	�@;�K�HO;THO;[W	��-�-	�X �-/
�(X*�!	��&%
�1X*� ,.�(�.=^��, � "$P�"$n>N	� � O
����P��6�HO �HO ����� 	�)�X 	�@;� �9O9�lO�[\)��`�����1)�X �E7�,�� � )�X*O:�;O a90;7(�rO �Z,CG>/(O
�!0�� �Cn�n£� N�n�� ��%3� )t	���O � � ��O
�!0�� � � �

� N�n�� ��%7�^O
�������6aHO�RiO [\����	 	���� ��O � /-�(�l	�@;� �lO � �(��@;	�@;�.���c�.� � )����.)�F!	>���Z,CG>/(O��V�(X*O �  � ��.N�n�g��L� N�n�n ��%�� 	��&%9��X!� @ 0;7(� =

�-, ��n�g�"$n�"�"$#��^O



����#�� � O � 	���/�/-@.�(� �]�V�/�:  � �t,AG /�O ���(�
�(O�� �+#	 `�Q��P�"8� N�n���P$%


