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LS: 4.5 × 10–6 eV

HFS: 5.9 × 10–6 eV

FS: 45 × 10–6 eV
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KK -KK -

J/ψ

ηc ψ χc0 χc1 χc2 hc
ηb Y χb0 χb1 χb2 hb

Ι=0>d,u [more (uu+dd)] Ι=0>s [more   (ss)]  

3π -
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 π ρ a0 a1 b1
a2 η' ϕ f0f0 h'1f'1 f'2η ω f0 f1 h1
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π0π0,ηη
ηη'

KKπ

x2 =98%
x2 = 98%

x2=99.9%x2=99.9% x2 =63%
x2 =63%

78%    ππ
22%    KK
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=



=

L=0 L=1

500

0

-500

[ MeV ]

500

0

-500

[ MeV ]

40%    N

12%    S
48%    M






, '

��X[h]e�TPMK��B	�dMAqsM�Q»OP}�_bMAl3MNO/Z
	�l3MNO®Zj\LO�c 	½ZjT # 	 �DZ]\ QSaUc�}�ZjTPT�MNO#�LZ]\¿fçX[\bhHWPZ^W�_bMDQ[MAqsM�QpOmO®_bZNg¯\
X[\ ��X[hbGB�]G���_bM9qsM8TPW®Xp}AKAQ¨K�k XpO�TPM���TPMNOYMA\JWtO»W�_bM�MA\bMAT�h]a fçX M�MATPM8\L}�M9W�Z¶W�_bM7� 5 h]T�Z]eb\¿f^O®W�KNWPMsG���_JXpO
OP}8K�Q[Mmg¯KjO�}~_�ZsO®M8\)WPZ;	yK]}~XnQnX[W�K%W�MDK=}�Z]l;�LK%TYXpO®Z]\^Z
	�WP_bM�QSM8qsM�Q¨OP}�_bMAl3MNO�Z�	�l3MNO®Zj\LO�g�X[WP_ fsX.M�MAT�MA\ W
WPZjW�KAQ�l=K]O�O®MNO�G	��_bM@_bZ]TYXDC8Z]\ W�K�QÎK�k XpO;T�M��bT�MNO®MA\ W�O �	��Z]T �����EG	��_�M)OYaJl4�LZNQrO	½Z]T3WP_�M)fsX.M�MAT�MA\ W
l3MNO®Zj\LO�KNTPM�h%X[qsMA\@eb\¿fJMAT¯WP_�MD�Lh]e�TPM9WYX[W®Q[MNO 	½Z]T�MNKj}~_ � ��� Gb�	K]}�_ O®WtK%WPM�XpO¯TPM��bT�MNO®M8\JW�MNf�� aDK4�LZ�k
Z]T¯QnX[\bMscbWP_�M/_�M�X[h]_ W¯Z�	¨g¯_JXp}~_ }�ZjTPTPM�O#�LZ]\Lf�O�WPZmW�_bM�g�XpfJWP_HO`GL��_bM�\Je�l4�£M8T�X[\)W�_bM1�£ZAk@ZjT�K��LZNqsM
WP_�M9QoX[\bMmX[\LfçXp}AKNWPMNO�WP_�MmTPMNOYW�MA\bMAT�h]aDX[\HF)M �mGLK -���Z]W�WPZj\JX[ebl�> �$-�}�_LK%T�l¶Zj\JX[ebl�>�}�-¯VjKNZ]\LO+RWYg�Z
XpO®Z fJZje*�JQ[MAWtO/�LMAT �£ZAk -3> f -1XrOYZNqsMN}�WPZjT�O@+R��P^�jcbK�WPT®XC�JQ[MAW�Z�	¨OYW�K%W�MNO �LMAT �LZ�k -�G ��_bM�XrOYZsO�}AK�QpK%TtO»_¿K�qsM
�LMAMA\=O®M��¿K%T�KNWPMNf3K]}8}�Z]TtfçX[\bh9W�Z/W�_bM�X[T�fJZ]lmX[\LK%\ W@�seLKNTPV3}�Zj\JW�MA\JW8G]��_�ZsO®M�g�XSW�_¶l3Z]T�M�R�)� ) R
�
/_¿K�qsM
�LMAMA\ ��ebW�XS\`+yM�-�cdW�_bZsOYMDg�X[WP_6l3Z]TPMKRX
X;X[\`+ 	]-�G1��_bM�	½TtK]}�WYX[Z]\HZ
	�WP_bM=fJZ]lmX[\LK%\ W3}�Zjl��LZ]\�MA\JW�XpO
X[\LfçXp}AKNWPMNf7� a�� 
/P 0D0 %�X 	1WP_�M�\bZj\bMAW�l;Xnk XS\�hmK%\�h%Q[M�XrO	VJ\�Z%g¯\�G¿��W�_bMATPg�XpOYM�WP_bM�fJZjl;X[\LKN\JWãfJMN}AKAa
l3Z fJMNO�K%TPM�X[\LfçXp}AK%W�MNfdG���_bMAT�M9KNTPMCWP_bT�MAM�M�kL}�M��bW®X[Zj\LO�WPZ3WP_JXpO¯TPeJQ[MCZ�	�}~QpKjOPOuX ��}8K%W®X[Zj\�B�WP_bM�� ( +u|]xjz -
_LKjOD�LMAMA\^KjOPORXShj\bMNf)W�Z7�LZ]WP_ +RM�-ãK%\¿f%+ 	]-tcdKN\Lf�� ( +3���jz]zA-�KN\Lf�� ( +3���]|]zA-¯_LKAqsM1�LMAMA\���ebW»X[\ WPZ�+_	]-
�LMN}AKNeLO®M@WP_�M@}�Z]T�TPMNOa�LZ]\LfçX[\bh �JQpK]}�M¶X[\ +yM�-�gãK]OCK�Q[TPMNKjfJaHW�ZsZH}�T�ZNg�fJMNfdGB�¯K]OYMNf±Zj\ W�_bM7�bT�MNO®M8\JW
V \bZNg�QSM�fJh]MCZ�	¨WP_bM�X[T�fJM�}AKAa¶l3Z fJMNO�c�� ( +3���]zjz -ãK%W�Q[MNK]OYW�OY_bZ]e Qrf��LMÎX[\ +RM�- >J_bZNg�M8qsMAT?�£M8TP_LK
�LOãX[W�XpO
\bZjW�Km\bZ]T�lDKAQ1l¶M�O®Z]\�G

�	_LKNTPl3Z]\JX[ebl KN\Lf �LZjWPWPZj\JX[ebl +Y��X[hbG �]K6K%\Lf`�$-=K%T�M^M�X[h]MA\¿O®W�KNWPMNODZ
	mWP_�M }~_LKNTPhjM }�Z]\bi
FPebhUK%W®X[Zj\�Z��LMATtK%WPZjTK�3c�_bM8\L}�M^}8K%\`�LM }~_¿K%T�Kj}�WPM8T®X CAMNf2�Ja6WP_�M)WP_�TPMAMH�çeLKN\JW�ebl \ ebl4�LMATtO � � �
+R_�Z]T®X CAZj\JWtK�Q�}�ZsZ]T�fsXS\¿K%WPM'-�G���_bM�qsMAT�W®Xp}AKAQ¨}�ZsZ]TtfçX[\LK%W�M;XpO¯WP_bMCMA\bMAT�h]aDZ
	�W�_bMCO®WtK%WPMCTPM�QpKNW®X[qsM9W�Z¶W�_bM
Q[ZNg�MNOYW9OYW�KNWPMDg�X[WP_ ����� P � 5 5 G1
»QnQ	W�_bM=fçXpO#�JQpKAasMNf O®W�KNWPMNOCK%T�M¶qsMAT�a@\LK%T�TPZNg�cdXRG MsGd_LKAqsM3KDQSZj\bh
QnX 	½MAW®X[l3M�X[\D}�Zjl��¿K%T®XpOYZ]\@g�X[WP_Dl3ZsOYW�Z
	�W�_bM»QnX[h]_ W�l3MNOYZ]\LO�GJ��_ XrO`XpO�Z]\�M�Z
	�WP_�M�T�MNK]OYZ]\LO	g¯_JaCWP_bMNOYM

|



WYg�ZjiÌQ[MAqsM�Q¨O�}~_�MAl¶M�O�_LKAqsM 	½Zjeb\Lf@WP_bM�X[T�g¯KAaDX[\JW�Z¶_JX[hj_biM8\bMATPhja��b_ a�OuXp}AO¯WPM�k�W,�LZsZ]V�O�l3Z]T�M9T�K
�JXpfçQ[a
WP_¿K%\)W�_bM�QnXShj_JW�l¶MNOYZ]\LO�G

��_bM�TPMNKjO®Zj\�	½ZjT�W�_bM�Q[Z]\bh�QnX.	½M8W®X[l¶M�XrO	fJM�OP}�TYX �LMNf4� a9WP_�M�OYZ]iy}AK�QnQ[MNf©���L�1TPeJQ[M�� c�!yGs
�}A}�Z]T�fsXS\�h
WPZ=WP_JXpO�T�eJQ[Msc�fJMN}8K�a�O�g¯_bMAT�M7R���9KN\Lf R ��� KN\b\JX[_JXnQpK%WPM=K%T�M3O®e*�6�bTPMNO�O®MNf^}�Z]l;�LK%T�MNf©W�ZDWP_bZUO®M3fJM�}AKAabO
g¯_bMAT�M�W�_bMNO®M �çe¿K%TPV�O`KNTPM�W�T�KN\LOY	½MAT�TPMNf�WPZ�W�_bM¯f MN}AKAa(�bT�Z fJeL}�WtO�Gs
�\CM�k¿K%l;�JQ[M�Z�	�KN\D�/�L�L	½Z]T��JXpfbfJMA\
fJMN}8K�a3XrO1R��� + R��
 ) R
��9+u��X[hbG*csKA-�G

d

c d
u


c
u


d

s



s

d



u
c


u
d


c

c
p

s
K0

K0*

ϕ

π

s

d
pc

a) b) c) d)

��X[h]e�TPMc BL�EkLKNl��JQ[MNO�Z
	¯���L��	½Z]T,� Xrf�fJMA\^KN\Lf)KAQnQSZNg�MNf��bT�Z }�MNO�O®MNO�B$+YK -�	½ZjT,�JXpfbf MA\^fJM�}AKAaDZ�	�}~_¿K%TPi
l3Z]\JX[ebl X[\ WPZ \bZ]\biy}�_LK%T�l¶MNf l¶MNOYZ]\LO]> + �$-�K�QnQ[Z%g�MNf6fJMN}AKAa^Z
	�}�_LK%T�l¶Zj\JX[ebl XS\ WPZ l¶M�O®Z]\¿O/g�X[WP_
Z��LMA\ }�_LK%T�l�>G+Y}�-B	½Z]T,� Xrf�fJMA\��@l¶MNOYZ]\;�bTPZ f eL}�W®X[Zj\©X[\ R��� KN\b\JX[_JXnQpK%WYXSZj\B> +uf -¨K�QnQ[Z%g�MNf7�bTPZ f eL}�W®X[Zj\
Z�	�l¶MNOYZ]\LO�g�X[W�_)Z��LMA\ O®W�T�K%\�h]MA\bM�OPO�G


�\ M�kLKNl�� QSMCZ�	ãK%\ ���L��K�QnQ[Z%g�MNf^fJMN}8K�aDXpOR��� + R� 
 ) � R
�+Y��XSh�G$c�� -�G���_bM¶���L�¯TPe QSM�K�QpO®Z
K��6�JQnXSM�OEWPZ�fJMN}AKAa�OdZ�	:RX
X��LKAX[T�O1K%\Lf�WPZ�WP_bM	XS\ qsMATtO®M��bT�Z }�MNO�O®MNO�g¯_bMA\C_bMNKAqJa �çeLKNTPV(�¿K�X[T�O +]RX
X ��R� � � R ��� -
K%T�M1�bTPZ fJe¿}�MNf�+Y��X[h�G*cs}�KN\Lf@f -�GL��_bM�WP_bT�MNO®_bZNQpfbO 	½ZjT¯WP_bMC�/�L��KAQoQ[ZNg�M�f)fJMN}8K�a�O�W�Z�� R�7KN\Lf�	 R	
K%T�MmOY_bZNg¯\©X[\ ��X[hbG �JG

�	Z]l;�LKNT®X[\bh3g�XSW�_)W�_bMC!�K%W�Z]l +u��X[hbGU��-tcbZ]\bM�\bZjW®Xp}�MNO 0 K
�LK%T�W�	½TPZjl+WP_bM�hNXShUK%\ W®Xp}9fsX.M�MAT�i
MA\L}�MÎX[\ WP_bM�MA\bM8TPh]a'OP}AKAQSM�O +uK�	yKj}�WPZjT�Z
	5�Az � - 0 W�_LK%W�WP_bMCOa�JQnXSW�W®X[\bh��LMAWYg�MAM8\)��+u� P-zA-¯KN\Lf)�
+Y�9P ��-	OYW�KNWPMNO`XrO�OuX[h]\ X.�£}AK%\ W�X[\7�LZ]W�_ }AK]OYMNO�c K%\¿f;W�_LK%W�WP_bM�_JaG�LMAT#�¿\bM�Oa�JQnX[WPW®X[\bh4�LMAWYg�MAMA\�
��¨K%\Lf
� T � XrO�QpK%T�h]MsG¨
 }�Z]l;�LKNT®XpO®Zj\HZ�	1R� �mKN\Lf R ��� O®_�Z%g�O�W�_LK%W8c�X[\6Oa�JX[WPM3Z�	ãWP_bM3qjK]O®WYQ[a fçX MdM8TPMA\ W�TPMNOYW
MA\bM8TPh%X[MNO�cG�]z]|s{�F)M�� 	½ZjT � T�� K%\LfD|
cA�jz9F)M�� 	½ZjT 1+ � & -�c]W�_bM¯MA\bM8TPh]a3OYM��LKNT�K%WYX[Z]\LO?�£M8W®g�MAMA\mW�_bM
Q[MAqsM�QpO�K%TPM�qsMAT�aDORX[l;XnQpK%T8cdg¯_JXp}~_DXpO�K;T�MAlDKNTPVjK�� QSM1	yK]}�W8G

��_bM l¶ZUO®W��bT�Z]lmXS\�MA\JW fçX M�MAT�MA\L}�M �LMAWYg�MAMA\ WP_bM²K��LZNqsM^QSM8qsM�QCOP}�_bMAl3MNO3K%\Lf¹WP_LKNW©Z
	@#
l3MNO®Zj\LO&+Y��XSh�GU�]}
-�XpO�WP_LKNWAc 	½ZjT�WP_�M/QpK%W�WPMAT8c�K�QnQ?�be�W�Z]\bM3OYW�KNWPMNO�KNTPMmT�M��bTPM�O®MA\ WPMNf7� a��LZAkbM�O�G���_bM
_bM�X[hj_JW	Z�	�W�_bM@�LZ�k�MNO�XpO`M
�seLK�Q�WPZ�WP_bM¯g�XpfJW�_7ODZ�	�WP_bM�TPMNOYZ]\LKN\L}�MsG ��\ QSaCWP_bM@�¿O®MAeLf ZsOP}8K�QpK%T�h]TPZjeb\Lf
O®WtK%W�M9Z�	�WP_bM�VjK%Zj\LO�}AKN\b\bZ]W�fJMN}8K�a �Ja@OYWPT�Z]\bh¶X[\ WPMATtK]}�WYX[Z]\U>bX[W�fJM�}AKAabO�g�MNK%VsQ[asGd
¯QoQ1ZjWP_bM8T�O�fJMN}AKAa
O®W�TPZj\bh%Q[a K%\¿f©T�K
�JXpfçQ[a$>�WP_bMAT�M�XrO�\bZ©���L��OYe*�*�bT�MNOPORXSZj\^Z�	�WP_�M9f MN}AKAasGL��_bM1�LT�OYW�TtK]fçXpK�QnQ[a iM�k¿}~X[WPM�f
O®WtK%W�M¶g�X[WP_ ��� PÀz 5 _¿K]O�\bZ]W�asMAW5�LMAMA\^MNOYW�K
�JQnXrOY_bMNf^g�X[WP_²}�MATPWtK�X[\ W®aUGd��_bMm_ aG�£M8T#�L\bM3Oa�JQnX[WPW®X[\bh
�LMAWYg�MAM8\9z 5 K%\¿f�� 5 h]T�Z]eb\¿fmO®W�KNWPMNOdXpO cszjz�F)M �mc�lmeL}�_�QpK%TPhjMAT1WP_LKN\mWP_bM�}�ZjTPTPM�O#�LZ]\LfsXS\�h9Oa�JQnX[WPW®X[\bh
Z�	�WP_bM;R���Îl3MNOYZ]\LO�GL��_bM&�LTtO®W�T�KjfçXpK�Q¨M�kL}�XSWtK%WYXSZj\^Z�		W�_bM;� 5 KN\Lf©W�_bMC��O®WtK%WPM�O�K
�*�LMNK%T�KjO�KAQ[l¶ZUO®W
fJMAhjMA\bMATtK%W�Msc K%W�Q[MNKjO®W�TPM�QpK%WYX[qsM�W�Z9WP_�M�X[T�g�XpfJWP_¿O�Gb��_�M�hUK��7�LMAWYg�M8MA\¶W�_bM8� 5 hjTPZjeb\Lf@O®WtK%WPM�K%\¿f;X[W�O
�LTtO®W¯T�KjfçXpK�Q1M�k¿}~X[W�KNW®X[Z]\DXpO@�]zjz¶F)M �mc]g¯_JXp}�_)OYMAMAl=O�W�Z�LM�Km}AKN\bZ]\JXp}AKAQ1\Je�l4�£M8T 	½Z]Tã�"�>� l3MNOYZ]\LO�G
��_bM@# l¶M�O®Z]\¿O�K%T�Mm\bZ]W�M�XShjMA\LOYW�K%W�MNO�Z�	5�3cdW�_bMATPM]	½Z]TPMCWP_bM3OYW�KNWPMNO�g�X[W�_ � � P �;+ " , " KN\Lf * , " -lmXok�G

��_bM	XrOYZsOa�JX[\¶W�T®XC�JQ[MAW	OYW�K%W�MNO ' ��)��� ( �NMAW�}]GNKNTPMãO®_bZNg¯\/X[\3��X[h�G��jfdGç��\JQ[aCWP_bM�\bMAebW�T�K�Q l3MAl4�LMAT
Z�	�MNKj}~_ WPTYX � QSM8W9XrOmKN\HM�X[h]M8\LO®WtK%WPM@Z
	1�3G`��_bM@ORX[l;XnQpK%TYXSWYa6Z�	�W�_bMDMA\�MATPhja^hsK��¿O9WPZ^WP_�M��bT�MAqsXSZjeLO
OP}�_bMAl3MNO�XpO�OYWPT®X[VsX[\bhbc�K
�LK%T�W/	½T�Z]l7WP_�M9_ a��LMATa�L\bMCO#�JQnX[WPWYX[\bh��£M8W®g�MAMA\ ' KN\Lf�LcLg¯_JXp}~_@XpO 	½ebT�WP_bM8T
X[\L}�T�MNK]OYMNfm}�Z]l;�LKNTPMNf9W�Z�WP_bM@��TPMAqsX[Z]eLO	}AKjO®MNO�G]��_bM�� ( +u|]xjz -�Q[ZsZ]V�O�QnX[VsM�K%\mZ]e�W�OuXpfJM8T �LMN}8K%eLOYM¯Z�	LX[W�O
l=K]OPO�csg�Xrf WP_=K%\Lf3fJMN}AKAa1�bTtK%\L}�_JX[\bh9TtK%WYXSZUO�Gs�YWEXpO	fçXpOP}�eLO�O®MNf3K]O	K�}AKN\LfçXpfbK%W�M/	½ZjT�K R.�. l3Z%Q[MN}�e QSMUc
WPZjh]MAW�_bMAT¯g�X[WP_ WP_bM�� ( +Y|jx]zA-�g¯_JXp}�_ K��*�LMNKNT�O¯WPZ;�£M�W�_bM��DP z4�LK%T�WP\bM8T¯Z�	¨WP_JXpO¯O®WtK%W�MsGL��_bMCOP}AKAQpK%T

�Az



O®WtK%W�M9KNW1�"cZ�]z3F)M���_¿K]O@�£M8MA\@fçXpOP}�Z%qsM8TPMNf¶Zj\JQ[aDTPM�}�MA\ W®Q[aK� ��!1K%\LfD\bMAM�fbO�}�Zj\��LT�lDKNW®X[Z]\�Gb�YWã}�Z]eJQpf
�LMmKN\bZ]W�_bMAT�}AK%\LfsXrf�K%WPM1	½Z]T¯W�_bM8�çeLKNTPVDl3Z fJM�Q1hjTPZjeb\Lf^O®WtK%W�MsG

�bZ]T¯W�_bM�XpO®ZUOP}AKAQrKNT�O�OY_bZNg¯\DXS\ ��X[hbG6�%MCK%\Lf�	�c WP_bM�lmXok X[\bhmZ�	¨WP_�M9� �&+Y� -�OuX[\bhNQ[MAW�KN\LfDZ }�WPM8W
O®WtK%W�MNO�l=K%VsMNO¯WP_bM�XpfJMA\ W®X ��}AKNW®X[Z]\ Z�	�WP_�M9WYg�Z;�b_ abORXr}8K�Q�O®W�KNWPMNO�MAqsMA\@l¶ZjTPM�fçX J@}�e QSW8G +YF)ZjTPMAZNqsMAT8c
X 	1h%Q[ebM��¿K�QnQpO�M�kJXpOYWAc K]fbfsXSWYX[Z]\LKAQ¨O®W�KNWPMNO�}�Z]l3M�X[\@K%\¿f;lmXnk�G -E� 	�g�M�W�KNVsM�K]O�K/\bMAg �LK]ORXpO 	½Z]T	W�_bM�WYg�Z
�seLK%T�V)l3Z fJM�Q�OYW�K%W�MNO � R�	� ) R
 
 � T 
 b@K%\Lf � RX
X �tc�OuX[\L}�Mmg�M3K%T�M9X[\JW�MATPMNOYWPMNf©X[\^W�_bM�RX
X¶}�Zjl��LZj\bMA\ W
Z�	�l¶MNOYZ]\LO�cbWP_bM1�b_ a�OuXp}AK�Q¨OYW�KNWPMNO�K%T�M/hNX[qsMA\�� a

� ��P z���� � � P � � R�)� ) R
�
 � T 
 b )�� � RX�X �

� �;P¹z���� P � � � R��� ) R
�
 � T 
 b ) � � RX
X��
g�X[WP_ � 
 )�� 
�P^�jGs!�MAT�M
	\P }�ZsO3+�� ������������ -tc]g¯_bMAT�M��»XpO�W�_bM�}�Zj\JqsMA\ W®X[Zj\LK�Q�\bZ]\�MAW	l;Xnk XS\�h9KN\bh%Q[M
K%\¿f������������JXpO¯WP_bM�XpfJM�K�Q¨}�Zj\JqsMA\ W®X[Zj\LK�Q�l;Xnk XS\�hDKN\bh%Q[M9Z
	:��� G ���NGb�bZjT ��� z 0 �9W�_bM�OYW�K%W�M � ��P z���� � �}�Zj\LOuXpO®WtO�fJZjl;X[\LKN\JWYQSa@Z
	1R�)� ) R
 
bcLKN\Lf � ��P¹z	���¯}�Zj\LOuXpOYW�O�fJZjl;X[\LKN\JWYQ[a©Z
	(RX
XsG


�}A}�Z]T�fsXS\�h©W�Z)W�_bM�X[TCfJZ]lmX[\LK%\ WKR� �D}�Z]\ WPM8\JW8cdWP_bM3l3MNO®Zj\LO�_LKAqsM��LMAMA\²K]O�OuX[h]\�MNfHWPZ@M�X[WP_bM8T
+RM'-	Z]T1+ 	]-�X 	¨WP_bM�lmXnkJX[\bh@KN\bh%Q[M�XrO¯V \bZNg¯\9+RWtK%VsX[\bh¶W�_bMCKAqsMAT�KNh]M�Z�		W�_bM�l;Xnk X[\bhDKN\bh%Q[MNO�Z��bWtK�X[\bMNf
g�X[WP_3WP_bM�QnX[\bMNKNT�K%\Lf;�çe¿K]fJTtK%W®Xp}¯lDKjOPO 	½ZjTPlmeJQpKNM�-�G]� 	LW�_bM¯lmXok X[\bhCK%\bhNQ[M»XpO`\bZ]W¨VJ\bZNg¯\�cjWP_bM¯l3MNO®Zj\
XpO�K]O�OuX[h]\�MNf4W�Z�+RM'-�X 		W�_bMmfJM�}AKAa'XpO�f Z]lmXS\¿K%\ W®Q[a©X[\ WPZD\bZj\biyO®WPTtK%\bhjM¶l3MNOYZ]\LO�KN\Lf©ZjWP_bM8TPg�XpO®M9X[\ WPZ
+ 	]-tGd��_bM�W�_bTPMAM�M�k¿}�M���W®X[Z]\LO�K%T�M�� ( +Y|jx]zA-¯g¯_JXp}~_@XpO�fçXpOa�JQpK�asM�f'X[\ +RM�-�KN\Lf%+_	]-�cLK%\¿f�� ( + ���jz]z -»K%\Lf
� ( + ���j|]z -tc£g¯_ Xr}�_^KNTPMCK]O�OuX[h]\�MNf)WPZ�+ 	]-�	½Z]T�WP_�M9O�K%VsM�Z�	�}~QpK%TYX[W®aUG

� >@,�(9,1�C(/#824$?.�(9BD<=24$@, *-,/.10324. <D2 > &@#A>@>@,�2 .�(9B=<D24$',�2),/.1.
!�ZNg K%T�MDl3MNO®Zj\LOmfJMAW�MN}�WPM�f±KN\LfH_bZNg+fJZsM�O9Z]\bM fJMAW�MATPlmX[\bM3g¯_bMAWP_�MAT9W�_bMAa²}�Z]\ W�KAXS\ X���RX

Z]T;RX�X��Î��_JXpOÎg�XnQnQ:�£MCZ]ebT�\bM�k�W�O®e*�GFPMN}�WAGb��O®_¿K�QnQ �¿T�O®WÎfJMNOP}�T®XC�LM9WP_�M�LKjOuXp} 	½MNKNWPebT�MNO¯Z�	�K¶l3Z fJMAT�\
fJMAW�MN}�W�Z]T&	½ZjT9l3MNO®Zj\6O#�LMN}�WPTPZUOP}�Z'�Ja +RZ�	�}�Z]ebTtO®Msc1WP_JXpO9g�XnQnQ5�£M=WP_bMDZj\bMD�CK%l X[\JqsZNQ[qsMNf±g�X[WP_$-tGE�
g�XnQnQ	WP_bM8\^fJMNO�}�T®XC�LM9_�Z%gÀOYW�K�� QSM3OYWPTtK%\bhjM9l3MNO®Zj\LO�cLeb\LOYW�K�� QSM3OYWPTtK%\bhjMml¶MNOYZ]\LO�K%\¿f)l¶MNOYZ]\LO¯g�X[WP_
RX
X�}�Z]\ WPMA\ W�K%T�M�XpfJMA\ W®X �LMNf¶g�X[W�_©W�_JXpO¯fJMAW�MN}�WPZjTAGs��XSTtO®W¯Z
	¨K�QnQdX[W�XpO�\bM�}�MNOPO�K%T�a¶W�_LK%W�g�M�eb\LfJMATtO®WtK%\Lf
WP_�M/WYX[l¶MCK%\¿f)O#�¿K]}�MCMAqsZ%Q[ebWYXSZj\)Z
	`MAqsM8\JWtO�X[\)g¯_JXp}�_)l3MNO®Zj\LO¯K%T�M�bT�Z fJeL}�M�f©KN\Lf)f MAWPMN}�WPMNfdG

��� � . 8E�b�� � ��
;��� � ��� �;��� 
;�?� ��� � ���"�L�N�

�O�K%\@M�k¿K%l;�JQ[Msc]QSM8W�eLO¯}�Zj\LOuXpfJM8T�R��� K%\�\JX[_JXnQrKNW®X[Zs\�G���_JXpOãXpO¯K1�bTPZ }�M�OPO�g¯_JXp}�_'XpO�MNOa�LMN}~XpK�QnQ[a

g�M�QoQ�O®e XSW�MNf©W�Z¶l3MNOYZ]\ O#�LMN}�W�TPZUOP}�Z'�JasG)��_bMA\ K9R� KN\b\JX[_JXnQpK%W�MNO�K%W�TPMNOYWAc*�bTtK]}�WYXr}8K�QnQ[a)Z]\ QSa l¶M�O®Z]\¿O
K%T�M�bT�Z fJeL}�M�fdGL
�l3Z]\bhmW�_bMAl cJM�k�Z]WYXr}�l¶M�O®Z]\¿OD+Rh%Q[ebZj\JXpKJcd_ aG�bT®XpfbO�c£MAWt}]G.-�K%T�M/M�k*�LMN}�W�MNfdG


�\ X[\ WPMAT�MNO®WYXS\�h OYM
�sebMA\L}�M^Z
	mMAqsM8\JWtO;WtK%VsMNO�� QrKj}�M MAqsMA\ �LM"	½ZjTPM WP_bM KN\b\JX[_JXnQpK%WYXSZs\�G���_bM
K%\ W®XC�bT�Z]W�Z]\�c�ORQ[Z%g�MNf)f Z%g¯\@X[\)WP_�M/WtK%T�h]MAW8c¿XpO�}AK%ebhj_JW5� a@K%\ � 
 l3Z%Q[MN}�e QSM�X[\^O®Zjl¶MC_JX[h]_ K%WPZjl;Xp}
Z]T��JX[WAcsMaFPMN}�W®X[\bhCK%\3M�Q[MN}�W�TPZ]\mX 	�W�_bM@�JX[\LfçX[\bhmMA\�MATPhja9Z�	�WP_bM7R� XpO¨QpKNTPh]M8T�WP_¿K%\3WP_LKNW�Z
	�W�_bM¯M�Q[MN}�W�TPZ]\�G
�bTPZjl W�_bM�T�KNW®X[ZDZ�	�TPMNfJe¿}�MNfDlDKjOPOYMNO»Z
	`W�_bMKR� � KNWPZjl KN\Lf©M�QSM�}�WPT�Z]\�cLWP_bM�X[\JX[W®XpKAQ	lDKAX[\K�seLK%\ WPebl
\ ebl4�LMAT�}8K%\��LMmMNOYW®X[l=K%WPM�f©WPZ �£M�K%T�Z]eb\LfK�jzJG�
@	½WPMAT�	½ZjTPl=K%W®X[Zj\�c�WP_bMKR��� KNWPZ]l+XpO�fJMAi½M�k XSW�MNf�� a
T�KjfçXpK%WYXSZj\HKN\Lf©W�_bMC
�ebhjMAT¯M"M�MN}�W¯eb\ W®XnQ�R� K%\Lf � _LKAqsMCK��*�bT�ZsKj}~_bM�f)}~Q[ZsOYM�MA\bZ]e�h]_)W�Z¶M�K]}�_©ZjWP_bM8T
	½Z]T�WP_�M9OYWPT�Z]\bh4	½Z]Tt}�M4+RT�KN\bh]MCZ�	�K��LZ]e�W�K&	½MAlmWPZjl¶M8WPTPM'-`WPZ3OYW�KNTPW�K]}�WYXS\�hbG

��_LKNW�K%TPM�W�_bM �&�;�������£�N�b� � � �C> 8E������ �A��� � WP_LKNW�WtK%VsM(� QrKj}�MCK%W�KN\b\JX[_JXnQpK%W®XpZ]\!�;��_bM
X[\L}�Zjl;X[\bh�R� }�Z]\LORXpO®W�O1Z�	LW�_bTPMAM	qjK�Q[MA\¿}�M¯KN\JWYX �seLKNTPV�O`K%\Lf�Z�	�OYMNK5�çeLKNTPV�OEKN\Lf9h%Q[ebZj\LO">jWP_bM � }�Zj\LOuXpOYW�O
Z�	 �9q]KAQ[MA\L}�M��çeLKNTPV�O�cLOYMNK4�çe¿K%TPV�O�K%\Lf@h%Q[ebZ]\¿O�G���_bM�M�Q[MAl¶M8\JWtK%TPa �bTPZ }�M�OPO®M�O�KNTPM4+Y��X[h�GL� -

� TPM�K%TPTtK%\bhjMAl3MA\JW¯Z
	?�seLKNTPV�O�KN\Lf)KN\JWYX �seLKNTPV�OãX[\ WPZ;�LK�X[T�O(+Rl3MNOYZ]\LO3-3>
� 	½eLORXSZj\6Z�	�KK�seLK%T�V±g�X[WP_²WP_bM@}�Z]TPT�MNO#�LZj\LfçX[\bh²K%\ W®X[�çe¿K%TPV^X[\JW�Z K©hNQSe�Z]\�c	KN\LfHWP_bM3TPMAqsM8T�O®M

�bT�Z }�MNOPO�0 fçXpOPOYZ }~XpK%WYXSZj\HZ�	�Kmh%Q[ebZ]\)X[\ WPZ3K9R���1�LK�X[T�>
� fçXpOPOYZ }~XpK%WYXSZj\^Z�	�K/hNQSe�Z]\DX[\JW�ZmW®g�Z9hNQSe�Z]\LO�cLK%\LfDWP_�M�T�MAqsMAT�OYMD��TPZ }�MNO�O 0 WP_bMD	½e¿OuX[Z]\@Z�	1WYg�Z

h%Q[ebZj\LO»X[\ WPZ3Z]\bMA>

���



� OP}8K%WPW�MAT®X[\bh3Z�	�W®g�Zmh%Q[ebZj\LO&+ cjihNQ[ebZ]\^qsMAT�WPM�k -�G

 p

 p

 q

 g     g

 q

 q

 q

a) b)  c) d) 

��X[h]e�TPM���B )���w �bT�Z }�MNOPOYMNO/WtK%VsX[\bh��JQpKj}�M¶X[\ R��� KN\b\JX[_JXnQpK%WYXSZs\ B/+uK -�T�MNK%T�T�KN\bh]MAl3MA\ WAc + �$-D	½e¿OuX[Z]\
K%\¿f��LKAXST�}�T�MNK%WYXSZj\�cU+Y}�-	hNQSe�Z]\ fçXpOPOYZ }~XpK%WYXSZj\�c�+Yf -?cjihNQ[ebZ]\ qsMATPW�M�k�G

�YW;XpO¶Z'�JqsX[Z]eLODW�_LK%W7� a K��*��TPZ���T®XpK%W�MH}�Zjl4�JX[\LK%WYX[Z]\�Z
	�WP_bM�O®MK�bT�Z }�MNOPOYMNO�c	\bZjTPl=K�Q�l3MNO®Zj\
O®WtK%W�MNO�cLh%Q[ebZj\JXpKJc$cji �seLK%T�V O®W�KNWPMNO¯Z]T�_ a��bTYXpfbO�}8K%\��LM(	½Z]T�l¶M�fdGL��_bMNOYM&��TPZ }�MNO�O®MNO�K%T�Mm}�Zj\��L\bM�f=X[\
_LKjfJTPZj\LO�K%\Lf^W�KNVsM9qsMAT�a)OY_bZ]T�W�W®X[l3MNO�c�Z�	�WP_bMCZ]TtfJMAT�Z
	1�Az 5 
�� O�G���_bM�QnX.	½M8W®X[l¶M�OÎZ
	�WP_bMm_LKjfJTPZj\LO
MAl3MATPhNX[\bh&	½T�Z]l WP_bM�X[\ WPMATtK]}�WYX[Z]\DqjK%T�a�	½T�Z]l �Az 5 
���W�Z4�����8z 5 � O�Gb�	Zj\LOuXpfJMAT�KmOa�LMN}~X ��}�M�k¿K%l;�JQ[Msc
WP_�M9KN\b\JX[_JXnQpK%WYXrZ]\

R����+ . (�� . 5 �
g¯_JXp}�_©X[l�� QoX[MNO¯WP_�M 	½e¿OuX[Z]\^Z
		KN\©X[\L}�Zjl;X[\bh R�)� K%\Lf@K R
�
��LK�X[T�K%\Lf@WP_bMC}�T�MNK%WYX[Z]\)Z
	�K%\ RX
X�LKAXST B

R��R� R
 ) �	��
 + ��RX ) R� X 0

��_bM .�(�� f MN}AKAabO�g�XSW�_HK¶QnX 	½MAW®X[l3M V P RS T O Z�	»K��LZ]e�W7�Az 5 
 * O�X[\JW�Z .1' c£XyG MsGdM�XSW�_bMAT .�( ' ( ZjT
. ( ' ( G��Y\ WP_bM9QpK��LZjT�K%W�Z]T�asc	fJebM3WPZ W®X[l¶M=fçXnQpK%WYXSZj\�c`WP_�MDfçXpOYW�K%\¿}�MDWP_�M . (�� WPTtK�qsM8T�O®M�OD�LM"	½Z]T�M¶X[W
fJMN}8K�a�OD+X[WtO�fJM�}AKAa��LKNWP_$-	XpO

V������
	 P � V�� � � T +�� � 
 - �
g¯_bMAT�M � P^+ ���� 
 - 5 "�� 
Acbg�X[W�_�2P 	 T �mc 	 P-WP_bMCqsM�Q[Z }~X[W®aUc � P-WP_�M/l3Z]l3MA\ WPebl c�� ��
DP�W�_bM
TPM�O®W	MA\bMAT�h]amZ
	 .�(�� Gs�bZ]TãKÎWYaG�JXp}AK�Q�l3Z]l3MA\ WPeblÀZ�	1KNTPZjeb\Lf7�jz]zmF)M���E ��W�_bM�f MN}AKAa�LKNWP_¶XpO ��	½l
0 OY_bZ]T�W9X[\LfJMAMNf��Ew�ebMDWPZ)X[WtO9O®_�Z]TPW9QnX 	½MAWYXSl3MDW�_bM@O®WtK%W�M .�(�� .-5 XpOm}AK�QnQ[MNf6K%\3
;�£��� �����"��
½�J���
���N� ���£G

�dMAW¯eLO�K]O�O®ebl3M9W�_LK%W�K�	½WPMAT¯W�_bMCfJMN}AKAaDZ
		WP_�M . (�� g�M/_¿K�qsM�WP_bM�WP_�TPMAM1�LKNTPW®Xp}~Q[MNO . ( K%\Lf
' ( . 5 GN��_ XrO1O®WtK%W�M�XpO1}AK�QnQ[MNf�WP_�M� � �E�"�!��� �1� �E�����������N�J���LcAKAQ[WP_bZjebh]_9X[WdXpO�Zj\JQ[a(�L\LK�Q g�X[W�_/T�MNO#�LMN}�W
WPZ@W�_bMm_LK]f TPZ]\¿O�G`��_�M�L\LK�Q�_LKjfJTPZj\LO9f MN}AKAa fJebM3WPZ@WP_bM3Kj}�W®X[Zj\HZ�	�g�M�K%V K%\¿f4M�Q[MN}�WPTPZjlDKNh]\bM8W®Xp}
	½Z]Tt}�MNO�Gs��_bM ' ( fJMN}AKAa�OEM�Q[MN}�W�TPZjlDKNh]\bMAWYXp}AK�QnQ[a;X[\=x 0 c��4�8z 5 "�� O�c]lDKAX[\JQ[a�+u|]|&%;-�X[\JW�Z/WYg�Z(�b_bZjWPZ]\¿O�c
b � G���_�M3}�Z]T�TPMNOa�£Zj\LfçX[\bh fJMN}AKAa��¿K%WP_)XpO�O®WYXnQoQ�qsMAT�a O®_bZjTPWAc�O®Z]l3MmWPM8\LO�Z�	ã\LK%\�Z]l3MAWPT�MNO�G���_bM . (
K%\¿f .-5 f MN}AKAa@g�MNKNVçQ[ascLl¶ZUO®WD	½T�M
�sebMA\ W®Q[aDXS\ WPZ����)Z]T '�' >�K%\Lf)W�_bMm}�_LKNTPh]M�f��JX[Z]\LO�fJMN}8K�aDX[\ WPZ
����G���X[\LKAQnQSaUc»W�_bM���= ODfJMN}AKAa±X[\ WPZHM���KN\Lf�K%�¿K�X[TDZ�	��$=IO�G���_bM TPM�Q[MAqjKN\JWmQnX.	½M8W®X[l¶M�O V KN\Lf W�_bM
�bT�Z fJeL}�WtO�� V K%TPM�QnXrOYWPMNfDX[\^�1K��JQ[M4� G

�1K�� QSM��"BL�£X 	½MAWYXSl3MNO(+ V -�KN\Lf���TPZ fJeL}�W�O(+ � V -
 � ! (    

�
 � ! � "#�

$�% ��& ')( 5 
 * *,+.-0/ ')( 5 "�� *1+320/ ')( 5 "!" 4 +657/ ')( 5 � ' +657/ ')( 5 � 5,+687/ ')( 5 � 5,+657/ ')( 5:9
;<$�% ��& = / ')( 5 "�> 51+ 4 / '
( 5 � 51+@?A/ ')( 5 
 ' 4 ª 4 =]ª ? ? ª * 8 4 2

��_bM�fJMN}AKAa��LK%W�_LO�Z
	�W�_bMmg�M�K%VsQSa fJM�}AKAaçX[\bh7�¿K%TPWYXp}~Q[MNO�K%T�M3O®MAqsM8T�K�Q1l3MAW�TPMNO�Q[Z]\bh@Z]T�l¶ZjTPMsG
��_bM�WPTPe QSa1�L\LKAQRcjWPTPe QSaCOYW�K�� QSM@�¿K%TPWYXp}~Q[MNO`K%T�M¯WP_bM?�b_�Z]WPZj\LO�cjM�Q[MN}�WPT�Z]\LO1Z]TB�£ZUOuX[WPT�Z]\LO�K%\Lf�\bMAebW�T®X[\bZUO�G

��b



�Y\6q]Kj}�ebZ WP_bM8a±g�Z]eJQpf QnX[qsMI	½ZjTPMAqsM8TAG��Y\ W�_bM@TPMNKAQ�g�ZjT®Qpf W�_bMAa^XS\ WPM8T�K]}�W�>`WP_ XrO9XpO;_�Z%g WP_�MAa6K%T�M
fJMAW�MN}�W�MNf�+X[W¯XpO�fçX J'}�eJQ[W�WPZ=fJMAWPM�}�W�W�_bM�XS\ WPM8T�K]}�W®X[Z]\ Z�		\bM8ebWPTYXS\�ZsO@�bebW@�LZsO�OuXC�JQ[M�-�G

��ebT��bT�MNO®e�l¶MNfmf MAWPMN}�WPZ]T8c]K
�LZ]ebW b�l�X[\=fçXpK%l3MAWPMAT8c]g�XnQnQ£X[\ WPMATt}�M��bW¨WP_bM�OYM
�çe�MA\L}�M�Z�	�MAqsMA\ W�O
�LM"	½Z]T�M��Az 5 � OYMN}�Z]\¿fbO�_LKAqsM1�LK]O�O®MNf�c£XyG MsGLWP_bM ' ( _LK]O�f MN}AKAasMNf7�bebW .�( K%\Lf .-5 K%T�MmOYW®XnQnQ¯KAQnXSqsMUG
!�MA\¿}�M@WP_bMNOYM^KNTPM^WP_�M^fJMAW�MN}�W�MNf �LK%T�W®Xp}~Q[MNO;X[\�WP_ XrO=O#�LMN}~XpK�QÎMAqsMA\ WAGE�Y\ WP_bM h]MA\bM8T�K�QÎ}AKjO®M^Z�	�R���
X[\JW�MAT�Kj}�W®X[Zj\ K%W¯TPM�O®WAcbW�_bMCfJMAW�MN}�WPZjT�_LKjO»W�ZDf MAWPMN}�W '	( K%\Lf ' 5 XS\ K]fbfsXSWYX[Z]\^WPZ � � .�( K%\¿f .-5 G

��� � >7�ç� �J�]��
;��!²���N�N� ��! � ��� �����E�3� �	� RX�X3�����8:�������£�N�
�YW9XpO;\bZNg+M�K]O®a6W�Z±eb\¿fJMAT�OYW�KN\Lf _bZNg +yZ��LMA\JQ[aL-mOYWPTtK%\bhjM)l3MNO®Zj\LO�c`XyG MsG1WP_bZUO®M^}�Z]\ W�K�X[\JX[\bh

Z]\�M;X9Z]T4RX4�çeLKNTPV�cdKNTPM�fJMAWPM�}�WPMNf�G£�]X[\L}�M�O®W�T�K%\�h]MA\bM�OPO»XpO�}�Zj\LO®M8TPqsMNfDXS\ O®W�TPZ]\�h¶X[\JW�MAT�Kj}�W®X[Z]\¿O�cdW�_bM
O®W�T�KN\bh]M �çe¿K%TPV _LK]O�WPZ��LM	½Z]eb\Lf©X[\ WP_bM3f MN}AKAa��bTPZ fJe¿}�W�O�G���_bMAT�Mm_LK]O�W�Z��£M3K .�( � .-5 � . ( ZjT
R. ( XS\ WP_bM5�L\LK�Q1_¿K]fJT�Z]\^OYW�KNWPMsGb� 	�K9l¶MNOYZ]\@TPM�O®Z]\¿K%\L}�M�XpO�	½Z]eb\LfDW�ZDfJM�}AKAa;X[\ WPZ3K%\ Z fbf©\ ebl4�LMAT
Z�	 #�l3MNO®Zj\LO�cJX[W�lmeLO®W@�LMCO®W�T�K%\�h]MsG

��MN}AKNeLO®M O®W�T�K%\�h]MA\bM�OPO;XpOD}�Zj\LO®M8TPqsMNfHXS\¹OYWPT�Z]\bhHX[\JW�MAT�Kj}�W®X[Zj\LODK%\¿f WP_bM)X[\JX[W®XpKAQmOYW�KNWPM)_¿K]O
��PÀz c£M8qsMA\D\ ebl4�LMAT�O�Z
	 . O�cbXyG MsG R.�. �¿K�X[T�O�c�K%T�M9KAQ[g¯KAabO�Z��LOYMATPqsMNf¶X[\WR��� K%\�\JX[_JXnQrKNW®XpZ]\�G1��_bMAa
}AKN\^}�Zjl¶MD	½T�Z]l7WP_�TPMAM�OYZ]ebTt}�MNO�B

+½X_-@K4�LK�X[T�Z�	�O®WPTtK%\bhjM9l3MNO®Zj\LO�XS\ WP_bM�X[\ WPMAT�l¶MNfsXrKNWPMCO®WtK%W�MA>
+XnX_-@Kml¶MNOYZ]\@g�X[WP_ _JXpfbfJMA\ O®WPTtK%\bhjMA\bMNO�O">

+½XoXnX_- Kml¶MNOYZ]\@g�X[WP_bZjebW�K%\ a)OYWPTtK%\bhjM4�seLK%T�V@}�Z]\¿O®W®X[W�ebMA\ W¯g¯_bMATPM7RX
XÎXpO�}�TPMNKNWPMNf;X[\ WP_bMCfJMN}8K�aUG

�\DM�kLKNl��JQ[MD	½ZjT�K&�bT�MNfçXp}�WYXSZj\�	½T�Z]l ��KAqsZ]ebT�� �&+a�A-�c TPM�Q[MAqjK%\ W�W�Z3O®ZjebT�}�M�OD+XnX_-�K%\Lf�+XnXnX_-�cJXpO

h%X[qsMA\��LM�Q[Z%g�G

� 	 � ( P\+�R�)� ) R
�
�- T 
 b;W�_bMA\ 	��&+ � ( + R.�. - T 	��&+ � ( + '�' -�P �AE
�G>
X 	 ���( P\+]RX
XZ-	W�_bMA\ 	��&+ ���( + R.�. - T 	��&+ ���( + '�' -�P �AENzG>
X 	 � ( P h%Q[ebM��LKAQnQ	WP_bM8\ 	��1+ � ( + R.�. - T 	��1+ � ( + '�' - P\c"E ��>
X 	 � ( P l¶MNOYZ]\biyK%\ W®X[l3MNO®Zj\ +�� R�^-�l3Z%Q[MN}�e QSMUcbWP_bMA\ 	��&+ � ( + � R� -`XpO�fJZ]lmX[\LK%\ WAG

����� < ������� ���G�	�ç� �J�]���L��� ���	�%�C� �1�����"�
	m�b�N����¯��8:� �]�N���?�3�ç��� �
��_bM�fJM8WPMN}�W�Z]TEXpO`TPM �çeJX[T�MNf9WPZCfJMAW�MN}�WB�b_bZjWPZ]\¿O�cb}�_LKNTPh]M�f9V]KNZ]\LO	KN\Lf¶}�_LKNTPh]M�f��JX[Zj\LO�c K%\¿f;W�Z

l3MNK]OYebTPM�W�_bM�X[T�l3Z]l3MA\ W�KCK%\LfDKN\bh%Q[MNO�	½Z]T�l¶Zjl¶M8\JWtK/e*�DW�ZmK
�£ZjebW�b;�M���E �%G �®\3Z]TtfJMAT¯W�ZmfJMAW�MN}�W
K�QnQ �LKNTPW®Xp}~Q[MNO��bT�Z fJeL}�M�f/XS\3KN\¶M8qsMA\JW8c�X[W`_LK]O`W�Z�}�ZNqsMAT1WP_bMã}�Z]l;�JQ[MAWPM�OYZ%QnXpf¶KN\bh%Q[M5c ' O®T8c]Z]T�K%WEQ[MNKjO®W
K4�JX[h�	½T�Kj}�W®X[Z]\ Z�	`X[W8GL��X[h]ebT�M4�3O®_bZNg�O�_bZNg�W�_JXpOãXpO�K]}�_JX[MAqsMNfDg�X[WP_ WP_bMm�	TPa�O®WtK�Q �¯K%T�TPM�Q¨fJM8WPMN}�W�Z]T
K%WÎ����
�� +RW�_bMm�dZNgÀ�`\bMAT�h]a^
�\JWYX ��TPZ]W�Z]\ ��X[\bh K%W9���	���&-�GL��_bM R� �£M�K%l 	½T�Z]l ���	
���M8\JW�MAT�O
	½TPZjl+WP_�M�Q[M"	½WAc�K�Q[Z]\bh=WP_bM��3K�k XpO�GL��_JXpO��LMNKNl XpO�WP_bM1�LMNO®W�KN\JWYXC�bTPZjWPZ]\��LMNK%l X[\@WP_�M�g�ZjT®Qpfdcbg�X[WP_
WP_�M�	½Z%QnQ[Z%g�X[\bh=}�_LK%TtK]}�W�MAT®XpO®WYXp}AO�cs}�Z]l;�LK%T�MNf;W�Z�WP_�M�qjK�Q[ebM�O:	½ZjT�K�}�Z]\ qsMA\ W®X[Z]\¿K�Q@R� �LMNK%l csOYeL}~_=K]O	KNW
�¯���K+Y�/� 
1-EZjT9#/�:# + � K
�LK%\ -�c]X[\7�bT�Kj}~VsM8W�O�Gj�®\ WPM8\LOuX[WYa B6�Az � FL�8z � R� T X+�\�8z > R� T X�-3>sl3Z]l3MA\JW�ebl
TPM�O®Z%Q[ebWYX[Z]\�B
� � T � P �Az 5 * +Y� � �Az 5 
 - >��bebTYXSWYa�B��8z]z&% R� + �A% R� - >��£M�K%l }�T�ZsO�O®iyO®MN}�WYX[Z]\�B5�©l3l 

+a�3}�l 
 -tG

��_bMK�LMNKNl XrO@OYWPZ��6�£M�f�Z]T¶X[\ WPMATtK]}�WtO¶XS\ �bX[h]_ WDX[\�KHW®X[\ a�W�KNTPh]M8W@}�Z]\ W�KAX[\JX[\bh QnX �seJXpf�ZjT
hsKjO®MAZjeLO�! 
 ZjT�w 
 Gs��_bM�W�KNTPh]M8W�}8K%\;�£M�O®ZCOYlDKAQoQ �LMN}AKNeLO®M�Z�	�WP_bM@�LMNKNl �çe¿K�QnX[W®aUGs
 WYX[\JaCW�K%T�h]MAW`XpO
K�JX[h3K]f q]KN\JWtK%hjMB��bT�MN}~XpO®MÎfJM"�L\JX[WYXSZj\)Z
	1WP_bM(��T®X[lDKNTPa¶X[\ WPMATtK]}�WYX[Z]\@qsMATPW�M�k�c�	½MAg¹O®M�}�Z]\Lf�K%TPamX[\JW�MATPi
K]}�W®X[Z]\LO�X[\DW�_bM�W�K%T�h]MAW8cb}~Q[ZUO®M�K
�*�bTPZUK]}�_DZ�	¨f MAWPMN}�WPZ]TtO`WPZ9W�_bM5�£ZNX[\JW�Z�	�X[\JW�MAT�Kj}�W®X[Zj\�Gb��_bM�W�KNTPhjMAW�XpO
O®e�TPTPZjeb\LfJM�f��Ja@K;b%irQpKAasMAT�lme QSWYX[ig�X[TPM8�bTPZ'�LZ]TPWYX[Z]\LKAQ¯}�_LKNl4�£M8T(+Y�%���@-�Z]T8cbl¶ZjTPM�TPMN}�MA\JWYQ[asc*�Ja'K
OuXnQnXp}�Z]\=l;Xp}�T�ZsO®W�T®XC�DqsMAT�WPM�k/fJMAWPM�}�WPZjT�+P� � 	-�GN��_bM��%�¹�HZ]T�� � 	 XpO	O®e�TPTPZjeb\LfJM�f�� amK�}�açQnX[\LfJTYXr}8K�Q
�sMAW�w�T®X 	½W9�	_LKNl4�£M8T+ � w/�@-�g�X[WP_ b'�¶QrKAasMATtO�Z�	�g�X[TPM�O�K%\Lf �]z@K�C�X[lmebWP_LKAQ	OYMN}�W�Z]T�O�G���_bM � w/��XpO
Q[Z }AK%W�MNf X[\LORXpfJM^K^}�asQnX[\LfJT®Xp}AKAQ5�b_bZjWPZ]\ }AKAQ[Z]T®X[l3MAWPM8T3}�Z]\LORXpO®W®X[\bh²Z�	����]xjz ��O3+Y��Q_-�}�TPa�O®WtK�QpO�c`MNKj}~_
�]z@}�l7Q[Z]\bh�G`��_JXpO�}�TPa�O®WtK�Q?�¿K%TPT�M�Q	hUK�qsM9X[WtOÎ\¿K%l3M¶W�ZDWP_bMmg¯_�Z%Q[M@O#�LMN}�WPTPZjl¶M8WPMAT8Gd
»QnQ	W�_bM3K]}�W®X[qsM
fJMAW�MN}�W�Z]T�O�K%T�M�MAl4�LMNfbfJM�f/XS\ KCO®Z%Q[MA\�Z%XpfbK�Q¨l=K%h]\�MAW�g¯_JXp}�_7�bT�Z fJeL}�MNO�K/_bZjl¶Zjh]MA\�MAZ]eLO¯KAkJXpKAQU�LM�Qpf

���



+ �¿K%T�KAQnQSM�Q�W�Z¶W�_bMm}�açQnX[\LfJMAT8c$�LMNK%l7ZjT��DK�k XpO -¯Z
	ãO®WPT�MA\bhjWP_2�]G �¶��G���_bM3fJM8WPMN}�W�Z]T¯XpO�fJMNO�}�T®XC�LMNf'X[\
fJMAWtK�XnQ�X[\6K¶Q[Z]\�hK�LK��LMATI� ��!yG�!�MAT�M¶g�MmZ]\JQ[a g¯KN\JWCWPZ@Z]ebWYQnXS\�M©W�_bM;�LK%T�W®Xp}~Q[M@fJMAW�MN}�WYXSZj\Hl3MAWP_bZ f�O
g�X[WP_ WP_JXpO�K��*�LKNT�KNWPeLO�G

� X[WP_DW�_bM � w/��c }~_LKNTPhjMNf;W�T�Kj}~V�O	K%TPM�l¶MNKjO®ebT�MNf3K%W	e*�DW�Zb'�9Oa�LK]}�M��£ZNX[\JWtO�Gb��_�M�g�X[TPM�O�K%T�M
�LKNT�K�QnQ[M�Q1W�Z9WP_�M��mK�k XpO�Gb��_ eLO�cJMNKj}~_=fJT®X 	½W�W®X[l¶M��bTPZNqsXrf MNO �bT�MN}~XpO®M�XS\G	½Z]TPl=K%WYX[Z]\)Zj\��4+YfçXpOYW�K%\¿}�M�Z�	
WP_�M�g�X[TPM�W�Z/W�_bM(�LMNKNl K�k XrO3-�K%\Lf �H+uKAC�X[lmebW�_LK�Q�K%\bhNQ[M�-�G���_bM»Q[M"	½W FsTYXShj_JW�KNl4�JX[h]eJX[WYamXrO¯OYZ%Q[qsMNf�� a
O®WtK%hjh]MATYXS\�h¶W�_bM�g�X[TPMNO�G ��_bM�O#�¿K%W®XpKAQ1TPMNOYZ%Q[ebW®X[Zj\9+�� -�X[\DW�_bM�T F ���JQpKN\bM�XpO¯K��LZ]e�W1�Az]z ��l 	½ZjT�MNKj}~_
�LZ%X[\ WAG�
�l¶M�K]O®e�TPMAl3MA\ W�Z�	¨WP_�M �3}�ZsZjT�fçX[\LKNWPM9XpO��bTPZNqsXpfJMNf�� a=}~_LKNTPhjM9fsXSqsXpOuX[Z]\ BdWP_bMÎO®MA\LOYM�g�XST�MNO
_LKAqsMmK3O®e XSWtK��JQ[M3TPMNORXpO®W�KN\L}�M3KN\Lf)WP_bMCORXShj\LK�Q	XpO�T�MNK]f@Z]ebW�Zj\K�LZ]WP_ ORXpfJMNO�Z
		WP_bMCg�X[TPMsG��bTPZ]l7W�_bM
}�_LK%T�h]M�T�KNW®X[ZbcbW�_bM �/QSZ }8K%W®X[Zj\±Z
	`W�_bM�WPTtK]}�VD}8K%\��LM9f MAWPMAT�l;X[\bM�f¶g�X[WP_^K��TPMN}~XpORXSZj\9+�� -`Z�	 �9l3l)G
��_bM¯W�Z]W�KAQ�}�_LK%T�h]M�XpO �bT�Z��LZ]T�W®X[Z]\LKAQ�W�Z/W�_bM�M8\bMATPhja/Q[ZsO�O`Z�	�WP_bM �LK%T�W®Xp}~Q[M¯XS\3WP_�M¯}�_LK%l4�LMAT?+Yf�� ENf��$-tG
��_JXpO¯MA\bMAT�h]a¶Q[ZsO�OãXpO¯eLO®M]	½eJQ�W�Z3fçXpO®W®X[\bhjeJXpO®_ �LMAWYg�MAMA\ . �^K%\Lf ' �EG£�jXS\¿}�M�WP_bM�WPTtK]}�VbO�K%T�M9}�ebTPqsMNf
X[\±W�_bM3lDKNh]\bMAWYXp}��LM�Qrf � � � T F)M��P �]zjz � + 	 T	��
 X� �*-,+  T �K-�cbg¯_�MATPM  T � XpOÎW�_bM3T�K]fsXSe¿OÎZ
	¯W�_bM
Z]T��JX[W�X[\©l3MAW�TPMNO 	½Z]T��� ZjTPWP_�Z]h]Zj\LK�Q �	!ycsWP_bM�l¶Zjl¶M8\JW�ebl }AK%\ �£M�l¶MNKjO®ebT�MNf¶g�X[WP_'K�bTPMN}�XrORX[Z]\K+�� -
Z�	 �LMAWYg�M8MA\�b&% K%\Lf��&% 	½Z]T�l¶Zjl¶MA\ W�K ��� �LMAWYg�MAMA\ z G �mKN\Lf9�¶�M�� E	�+ ��� XrO¯WP_�M9l3Z]l3MA\JW�ebl
}�Zjl��LZ]\�MA\JW�Z]T�WP_bZjh]Zj\LK�Q¨WPZ@C�-�G

p

4 532

1

6

��X[h]e�TPM��"B ��_bM��	TPa�O®WtK�Q �¯KNTPT�M�Q�O#�LMN}�WPTPZjl¶M8WPMAT	KNW	���	
���}�ebW�K�Q[Z]\bhCWP_bM�}�açQnX[\LfJMAT�OYaJl3l¶M8WPTPaCKAkJXpO
+��3K�k XpO -tG£�	Z]l;�LZ]\bM8\JWtO�B$+3�
-	lDKNh]\bM8W�asZ]VsMUcN+Yb -	l=K%hj\bMAW�}�ZNXoQyc$+Y� -`M�QSM�}�WPT�Z]l=K%h]\�MAW®Xp}�}AK�Q[ZjT®X[l¶M8WPMAT8c
+ cG-UFPM8W�fJT®X 	½W�}�_LK%l4�LMAT8c +a�A-���TPZ��LZjTPW®X[Zj\LK�Q�}�_LKNl4�£M8T�K%\LfK+a� -	WtK%T�h]MAW8G

��_bMml=K�X[\ TPZ%Q[MmZ
	¯WP_�Mm�%��� Z]T9� � 	�XpO�WPZ7�bT�ZNqçXpfJM=K�	yK]OYW�WPT®X[hjh]MAT�Z]\^W�_bMmlmeJQ[W®XC�JQnXp}~X[WYa

�"c



Z�	Î}�_LK%T�h]MNf �LKNTPW®Xp}~Q[MNO/X[\ WP_bM��¿\LK�Q�OYW�K%W�MsG`�bZjT9XS\¿O®W�KN\L}�MscEX 	�Z]\bM@gãK%\ W�O9WPZ^T�MN}�ZjT�f±Zj\JQ[aHMAqsMA\ W�O
X[\ g¯_JXp}�_ \bZ²}�_LK%T�h]MNf �LKNTPW®Xp}~Q[M MAl¶M8TPh]M�O&	½TPZ]l WP_bM W�K%T�h]MAW8c	�%���ÀZ]T@� � 	 K%T�M©e¿O®MNf K]OmqsMAWPZ
}�Zjeb\JW�MAT�O	KN\Lf¶MAqsMA\ W�O¨K%TPM�TPMYFPMN}�WPM�f/X.	¨KC}~_¿K%TPhjMNf4�LK%T�W®Xp}~Q[M�XpO�fJM8WPMN}�W�MNfdG]�Y\3}�Zjl4�JX[\LK%WYX[Z]\@g�X[WP_DW�_bM
TPM �çeJX[T�MAl¶M8\JW	Z�	¨Z��¿O®MAT�qçX[\bh3}�_LK%T�h]MNf3WPT�Kj}~V�O�c WP_JXpO¯}AKN\7�LM�eLO®MNf3WPZ3O®M8W�e*�@K�LZNg�M8T#	½eJQ�WPT®X[hjh]MAT�	½ZjT
MAqsMA\ W�O	g�X[WP_^OYWPTtK%\bhjM�LKNTPW®Xp}~Q[MNO�cdOYMAM1�LM�Q[Z%g�G

��_bM���O®�3+Y��Q_-�}�TPa�O®WtK�QpOEZ�	¿WP_bMã}AK�Q[Z]TYX[l¶MAW�MAT¨K%TPM�TPMNKjf/ZjebW�� a(�b_bZjWPZ fçX[Z fJMNO`qsXpK�K»gãKAqsM�Q[MA\bh]W�_
O®_ X.	½W�MATAGj�®\�Z]TPhUK%\JXp}¯}�T�abOYW�KAQrO¨K%TPM¯W�_bM��LMNOYW ��ebW	K�QpOYZ/l3ZsOYWEM�k*�LMA\LORX[qsM�l=K%WPM8T®XpK�Q*	½ZjT`f MAWPMN}�W®X[\bh�_JX[hj_bi
MA\bM8TPh]a1�b_�Z]WPZj\LO�G ��_bM�h]TtK%\ eJQpK%T®X[WYamZ�	�W�_bM¯}AKAQ[Z]T®X[l3MAWPM8T`_LK]OB�£M8MA\3}~_�ZsO®M8\mO®e¿}~_CWP_LKNW 	½Z]T`W�_bM�hNX[qsMA\
fçXpO®WtK%\L}�M^WPZHW�_bM)WtK%TPhjMAWDZ'�bW®X[l=K�QÎK%\bhjeJQpK%T)T�MNO®ZNQ[ebW®X[Z]\ K%\¿f�O®_bZNg�M8TDOYM��LK%TtK%WYXSZj\�KNTPM K]}�_JX[MAqsMNfdG
�	K]}�_6_JX[h]_bi½MA\bMAT�h]a2�b_bZjWPZj\ X[\LfJeL}�MNOmK%\ M�Q[MN}�WPT�Z]l=K%hj\bMAW®Xp}@O®_�Z%g�MAT7+YK^}8K]OP}8K]fJM fJTYXSqsM8\ � a �LK�X[T
�bT�Z fJeL}�WYXSZj\DKN\Lf�bT�MAlDO�O®W�T�K%_ QSe�\bhbc]g¯_ Xr}�_9X[\JqsZNQ[qsMNO�W�_bZ]e¿OPK%\¿fbOEZ�	 �b_�Z]WPZj\LO`KN\Lf9M�Q[MN}�W�TPZ]\¿O -�Gj�	K]}�_
O®_�Z%g�MAT�XrO1fçXpO®W�T®XC�bebW�MNf/X[\9hjMA\bMATtK�Q ZNqsMAT�OYMAqsMATtK�Q�}�T�abOYW�K�QpO�GN�¿T�Z]l-WP_�M�}�MA\JW�TPM`Z
	Lh]TtKAqçX[WYascAWP_�M�X[l;�LK]}�W
�LZ%X[\ W/Z
	�WP_bM4�bTYX[lDKNTPa���_bZ]W�Z]\^XrO�fJM8WPMAT�l;X[\bMNf�Gd��_bMmM8\bMATPhja@TPMNOYZ%Q[ebW®X[Zj\HZ�	�WP_�Mm}AKAQSZjT®X[l3MAWPMAT(	½ZjT
�b_bZjWPZj\LO»XpO

��� T � P b 0 �&%;+�� T �M��- 5 "�� � 0

�TPMNKNW�}AK%T�M�_¿K]O��LMAMA\DWtK%VsMA\=WPZ9lmX[\JX[l;X CAM�W�_bM�M�QSM�}�WPT�Z]\JXp}�\bZ%XpOYMÎX[\DW�_bM�T�MNK]fJi½Z]e�W¯Z�	1WP_�M�}�TPa�O®WtK�QpO
X[\±ZjT�fJM8T/W�Z��£M3K
�JQ[M¶W�Z@M�kbW�MA\Lf)W�_bMml¶M�K]O®e�TPMAl3MA\ W�W�Z©W�_bM9Q[ZNg�MNOYW&�LZUOPOuXC�JQ[MDM8\bMATPhjasG���_bMm\�Z%XpO®M
Z�	�W�_bM3}�TPa�O®WtK�QpO�}�Z]T�TPMNOa�LZ]\LfbO�W�Z¶Q[MNOPO�W�_LK%\ �]zjzDVsM��mGL!�ZNg�M8qsMATAc WP_bM9Q[ZNg�MNOYW�TPM�K]O®Zj\LK�� QSM3MA\bM8TPh]a
WP_�TPMNOY_bZ%Qpf'XpO5�¶F)M �mG 
»W�WP_bMNOYM�QSZNg�M8\bMATPhNX[MNOD< �b_ a�OuXp}AK�Q =b\bZNXpO®M�+uO®WtK%W®XpOYW®Xp}AK�Q�O®_bZNg�M8T �LeL}�WPeLKNW®X[Z]\LO
g¯_JXp}�_ O®MAMAl7W�Z@}�Z]l3M&	½T�Z]l O®M��LKNT�KNWPMNf^OY_bZNg�MATtO -@�LMN}�Zjl¶M�O�fJZjl;X[\LKN\JW8G���_bMNOYM��LeL}�W�eLK%WYX[Z]\LO�K%T�M
}AKAQoQ[MNf < O#�JQnX[WPi½Z�M�O"=[G���_�M@}�Z%QnQpK��LZjT�K%WYX[Z]\�_LKjO/QSM�K%TP\ W��TPZ]hjTPMNO�OuX[qsM�Q[aH_bZNg W�Z^TPMN}�Zjh]\JX CAM'O#�JQnX[WPi½Z�M�O�c
MAl;�JQ[ZNaçX[\bh@\bMAe�T�K�Q�\bM8W®g�Z]T�VbO�KNl¶Zj\bh@Z]W�_bMAT�W�MN}~_�\JX[�çebM�O»X[\±ZjT�fJMAT�W�Z'X[l;�bTPZNqsMCWP_bM=}AK�Q[ZjT®X[l¶M8WPTPa
X[\)W�_bM�QSZNg¯i½MA\bMAT�h]a@TPM8h%X[Z]\�G

����� >7�ç� �J�]��
;��!²���N�b���;����� �����E�
��_bM g�MNKNVçQ[a iRfJM�}AKAaçX[\bh6}�_LKNTPh]M�f V]KNZ]\LO=K%\Lf �JX[Zj\LO¶QoX[qsM)Q[Z]\�h M8\bZ]ebhj_�WP_LKNWDWP_�MAa fJMN}AKAa

Z]e�W�OuXpfJM²Z]ebT fJMAW�MN}�W�Z]TAc	g¯_JXp}�_�Z }A}�e*�JX[MNO@K6}�açQnX[\LfJM8T©Z
	 �]G �Hl fçXpK%l3MAWPMAT KN\Lf �jG �Hl Q[MA\�h]WP_�G
��Z]h]M8WP_bMATCg�X[WP_HW�_bM9Q[Z]\bhjiÌQnX[qsMNfH\bMAebW�T�KAQ # l¶MNOYZ]\2+RW�_bM . � WPZ��LMDfçXpO�}�eLOPOYMNf9�LM�Q[ZNg(-�W�_bMAa K%T�M
WP_�M/Zj\JQ[a@\bMAebW�T�K�Q1l3MNOYZ]\LO¯g�X[WP_^OYeL}�_'Q[Zj\bh¶QnX 	½MAW®X[l3MNO�G

!�ZNg K%TPM@W�_bM }~_LKNTPhjMNf VjK%Zj\LO3fJMAWPM�}�WPMNf �D��XSTtO®W8c�W�_bM�X[Tml¶Zjl¶M8\JW�ebl XpOml¶M�K]O®e�TPMNf±X[\ W�_bM
� w/��G1�®\²lDKN\Ja }AKjO®MNO�c�WP_JXpO/XpO/MA\�Z]ebhj_ W�Z©XpfJMA\ W®X 	½a WP_bM8l)cdXyG MsG�W�Z^fçXpO®WYX[\bh]eJXpOY_�WP_bMAl 	½T�Z]l W�_bM
Z]W�_bMAT3}�_LK%T�h]MNfHl3MNO®Zj\LO7+RWP_�M7�JX[Z]\LO3-�G��EKNVsM7	½Z]TmM�k¿K%l;�JQ[M@WP_bM K%\�\JX[_JXnQrKNW®X[Z]\¹XS\ WPZ^WYg�Z }~_LKNTPhjMNf
O®WtK��JQ[MCl¶MNOYZ]\LO�c

R� � + . ( . 5 � R��� + ' ( ' 5 0

��_bM?�LKNTPW®Xp}~Q[MNO1K%T�M	l¶Zj\bZsMA\bMAT�h]MAWYXp}]cAWP_bM�XST�l3Z]l3MA\ WPebl�XpOEf MAWPMAT�l;X[\bM�fD�Ja�MA\bM8TPh]aÎK%\Lf�l3Z]l3MA\JW�ebl
}�Zj\LO®MAT�qjK%W®X[Zj\ K%\Lf@TPM�QpK%W�MNfDWPZ3WP_bM�l=K]O�O»Z
	`W�_bM1�LK%T�W®Xp}~Q[MNOD�bT�Z fJeL}�M�fH+u��X[hbG�{NKA-�G

� 	�WP_bMAT�MDKNTPMml3Z]T�M¶W�_LK%\ WYg�Z��LK%T�W®Xp}~Q[MNO�XS\²WP_bM�L\¿K�QãO®WtK%WPMUcEKN\Lf4X 	¯Zj\bM3g¯K%\ W�O�W�Z)fsXrOYW®X[\bi
h]e XrOY_%	½ZjT�X[\LO®WtK%\L}�M4�£M8W®g�MAMA\ WP_bMCW®g�ZDTPM�K]}�WYXSZj\LO7R���-+ . ( . 5 ' ( KN\Lf R���-+ ' ( ' 5 ' ( cLMA\bM8TPh]a
K%\¿f±l¶Zjl¶M8\JW�ebl }�Z]\LOYMATPqjKNW®X[Z]\±X[\ h]MA\�MAT�KAQ¯KAQnQSZNg W�_JXpO/WPZ��LM=K]}�_JX[MAqsMNfdc�K�Q[WP_�Z]ebhj_ W�_bM4�LKNTPW®Xp}~Q[M
l3Z]l3MA\JWtK9qjK%TPaUGb��_JXpO�XrO�fJZj\bM/X[\@WP_bM�VsX[\bMAl=K%W®Xp}D�LW8G$+Y��_bM�_JX[h]_�MAT�W�_bM(�bT�MN}~XpOuX[Zj\^Z�	¨MA\bMAT�h]a=K%\Lf
l3Z]l3MA\JW�ebl l¶MNKjO®ebT�MAl3MA\JW8cJW�_bMC}~Q[MNK%T�MAT¯WP_bMCfçXpOYW®X[\L}�WYXSZj\�G.-

���



0
600 800 1000 1200

40

80

120

160

momentum [MeV/c]

E
ve

nt
s

K+K–

π+π 
– 



Projection

0 0.005 0.01 0.015

1

103

102

10

0.05

0.045

0.04

0.035

0.03

0.025

0.02

0.015

0.01

0.005

0
0 100 200 400300 500 600 700 800 900 1000

p [MeV/c]

dE
/d

x 
 [M

eV
/c

m
]

 E
ve

nt
s

0.01

300–320 MeV/c
MeV/cm

��X[h]e�TPMD{B�K -ãF)Z]l3MA\ WPebl fçXpO®WPTYXC�bebW®X[Zj\±Z
	��¿K%TPWYXp}~Q[MNO»X[\^}�ZNQnXS\�MNK%T�WYg�Z]i_�bTPZj\bhDMAqsMA\ W�O¯f ebM9W�Z¶W�_bM
TPM�K]}�WYXSZj\LO�R���7+ .�(�.-5 � R���7+ '	(?' 5 >*+ �$-1MA\bM8TPh]a9Q[ZUOPO�qsM8T�O®e¿O�l3Z]l3MA\ WPebl^	½Z]Tã}~_LKNTPhjMNf;W�T�Kj}~V�O�c
l3MNK]OYebTPMNf9X[\¶WYg�Z]i½WPT�Kj}~VCMAqsMA\ W�O�g�X[WP_3W®g�Z�WPZ(	½ZjebT�K]fbfçX[WYXSZj\LK�Q�O®_bZNg�MAT�OEX[\¶W�_bM�}AKAQSZjT®X[l3MAWPMAT@+_	½TPZ]l
K3O®WPe¿fJaDZ�	8R����+ . � . � '���' ( cd��G�#�Z%Q[Z�c£W�_bMNOuXpO�cd��\ XSqsM8T�OuX[WYaDZ
		F)eb\ Xr}�_ �A|j|�� -tG

��_bM²K]fbfsXSWYX[Z]\LKAQmWPZsZNQpO�	½Z]T fçXpO®WYXS\�h]eJXpO®_ XS\�hW�LMAWYg�M8MA\�VjK%Z]\¿O)K%\¿f �JX[Zj\LO)KNTPM)X[\�h]M8\bMAT�KAQyc
l3MNK]OYebTPMAl3MA\ WmZ�	CW®X[l3M)Z
	 ��XShj_JW8c��	_bMAT�MA\bVsZNqHTtK]fçXpK%WYX[Z]\-KN\Lf MA\bMAT�h]aHQ[ZsO�O©f ��ENf ��G�
»QnQ�WP_bMNOYM
l3MNK]OYebTPMAl3MA\ W�O��bT�Z%qsXpfJM�X[\�	½ZjTPl=K%W®X[Zj\©Zj\DWP_�M�qsM�Q[Z }~X[WYa 	 Z�	1WP_�M(�LK%T�W®Xp}~Q[M�g¯_JXp}�_�cb}�Z]l4�JX[\bMNfmg�X[WP_
WP_�Mml¶Zjl¶MA\ WPe�l � P � 	 c��bk�MNO7� G���X[h]ebT�MD{�� OY_bZNg�O�KDf�� ENf��^l¶M�K]O®e�TPMAl3MA\ W»X[\^WP_�M � w/�¹Z�	
WP_�M/�	T�abOYW�K�Q �¯K%T�TPM�Q�f MAWPMN}�WPZ]T�KjO�K 	½e�\L}�W®X[Zj\DZ�	�l¶Zjl¶MA\ WPe�l)Gs��_�MD�LKN\LfbO	g¯_JXp}~_@}8K%\7�LM�O®MAMA\=K%T�M
K]O�O®Z }~XpKNWPMNfDg�X[WP_ ' = O	K%\Lf . O�+uK%\Lf�� =IO	K%\Lf=f$=IO 	½TPZjl O®MN}�Z]\LfbKNTPa9X[\ WPMATtK]}�WYXSZj\LO -tGb��_bM�O®M��LK%TtK%W®X[Zj\
XpO»hjZsZ fH	½ZjT¯l¶Zjl¶M8\JWtK9e*�@WPZ;csz]z3F)M���E �%G

����� " � �A�m�����b� �;���3�J�����1�
��MAe�WPT�KAQ ' ( c 
 K%\Lf 
 �	l3MNO®Zj\LO9_LKAqsM@qsMATPa^Q[Z]\bh±QnX 	½MAWYXSl3MNO¶Zj\ W�_bM OP}AKAQSM Z�	COYWPT�Z]\bh^X[\bi

WPM8T�K]}�W®X[Z]\LO�c��bebW3fJM�}AKAa9�bTtK]}�WYXp}AK�QnQ[a�KNWmWP_bM7��T®X[lDKNTPa±X[\ WPMATtK]}�WYX[Z]\ qsM8TPWPM�k�G1��_bMNOYM7�LKNTPW®Xp}~Q[MNO3K%T�M
XpfJMA\ W®X �LMNf3WP_bT�Z]ebhj_DWP_bM�XSTãfJMN}AKAa8�bTPZ fJe¿}�W�O�Gb
»QnQ�Z�	�WP_bMAl _¿K�qsM�K�fJMN}AKAaml3Z fJM¯XS\ WPZCWYg�Z1�b_bZjWPZ]\¿O�c
g�X[WP_ WP_bM(	½Z%QnQ[ZNg�X[\bh��bT�KN\L}~_ XS\�hDT�KNW®X[ZsO�Bd|j|&% 	½Z]T ' ( �D�j|&% 	½Z]T�
��Db% 	½Z]T 
 � G

��_bMAaCKNTPM�XpfJM8\JWYX.�¿MNf&� a�}AKAQr}�eJQpK%W®X[\bhCWP_bM`X[\ q]KNT®XpK%\ W	lDKjOPO ������Z�	£K%\ a&�¿K�X[T`Z�	 � = O ��TPZ fJeL}�MNf
X[\)W�_bM�MAqsMA\ WAc

�����P�� + � " ) � 
 - 
 �
g¯_bMAT�M � " K%\¿f � 
 KNTPMmW�_bM4c]i½l¶Zjl¶M8\JWtK¶Z�	�WP_�MmW®g�Z7�b_bZjWPZj\LO�G���_ XrO�X[\JqjK%TYXpK%\ W/l=K]O�O»XpO�M
�çe¿K�Q	W�Z
WP_�M¯lDKjOPO`Z�	�WP_bM¯l3MNO®Zj\LOEg�X[WP_ XS\=WP_bM¯l3MNK]OYebTPM8l¶MA\ W1MATPT�Z]T�O1M�k*�LMN}�WPMNf/X 	�WP_bM¯WYg�Z � =IOEg�MATPM�X[\LfJM8MNf
WP_�M9f MN}AKAa7�bT�Z fJeL}�WtO +u��X[hbGLx - � �
!RG

�Y\6WP_bM O®Z]T�W¶Z
	�MAqsMA\ W9e¿O®MNf 	½Z]T=��X[hbG�x4W�_bMATPM@g�MATPM��K�b_bZ]W�Z]\LO=K%\Lf6_bMA\L}�M ���9�LZsOPORXC�JQ[M
�LKAXSTtO�G�
�OPOYebl;X[\bh�W�_LK%W�K�QnQ �b_bZjWPZj\LO�}�Zjl¶M�	½T�Z]l M�X[W�_bMAT`Zj\bM�Z
	�W�_bMD�LZUOPOuXC�JQ[M1�Nil3MNOYZ]\��L\¿K�Q�O®WtK%WPM�O
+ ' ( ' ( ' ( � ' ( ' ( 
�� ' ( 
 
�� ' ( ' ( 
 � �	MAW�}]G -�c1WP_bMAT�M^KNTPM)Zj\JQ[a W�_bTPMAM h]ZsZ f¹}�Z]l4� XS\¿K%W®X[Zj\LO�	½Z]TDMNKj}~_
MAqsMA\ WAGL��_�M9TPM8lDKAXS\ XS\�h9��bDg¯TPZ]\�h@}�Z]l4� XS\¿K%W®X[Zj\LO�K%TPM3}8K�QnQ[MNf^}�Z]l4� XS\¿K%WPZjT®XpK�Q �LKj}~V h]T�Z]eb\¿fdG���_JXpO
eLOYeLK�QnQ[aG��K%W �LK]}�VJhjTPZjeb\Lf�OuX[WtO¶eb\LfJM8T¶W�_bM^ORXShj\LK�Q �£M�K%V�O�G��]X[\L}�M^K9�b_�Z]WPZj\`�LK�X[T¶XpODKjOPOYZ }~XpK%WPM�f
g�X[WP_¹K^l¶M�O®Z]\HX 	�W�_bM©X[\ q]KNT®XpK%\ WDl=K]O�O�	yKAQoQpO¶g�X[W�_JX[\¹K%\�K
�*�bT�Z��bTYXrKNWPM^g�X[\LfJZNg }�Zj\JWtK�X[\JX[\bhHW�_bM
OuX[hj\LK�Q �LMNK%V�c£X[W�XpO�Z'�JqsX[Z]eLO�WP_¿K%W�KDOYlDKAQnQSM8T/g�X[\Lf Z%g-X[l��JQnX[MNO�KDOYlDKAQoQ[MATC}�Zj\JW�T®XC�bebWYX[Z]\K	½TPZ]l7W�_bM
}�Zjl4�JX[\LK%W�Z]T®XpKAQ�¿K]}�VJhjTPZ]e�\LfdG¯��_JXpO;XpO¶g¯_ a hjZsZ f M8\bMATPhja K%\Lf l3Z]l3MA\ WPebl?T�MNO®ZNQ[ebW®X[Z]\ Z�	�W�_bM

���



fJMAW�MN}�W�Z]T�XpO�K3fJM"�L\JX[W�MmK]f q]KN\JWtK%hjMsGd��_�M�LMAWPW�MAT�WP_bM�l=K]OPO¯TPM�O®Z%Q[ebWYX[Z]\�c�WP_�M9}�QSM�K%\bMAT�WP_�M9OYM�Q[MN}�W�MNf
OPKNl�� QSMCZ�		M8qsMA\JWtO�G

800

2500

0

10

20

30

40

200

400

600

800

500 750 1000

1000 1200
MeV/c2

MeV/c2

MeV/c2

η

η

π°

η' 
"ω"

E
nt

rie
s 

/2
M

eV
/c

2

E
nt

rie
s 

/2
M

eV
/c

2

24000

20000

16000

12000

  8000

  4000

0 200 400 600 800 1000

M (γγ)

��X[h]e�TPM x"B1�®\ qjK%TYXrKN\JWClDKjOPOmfçXpOYWPT®XC�be�W®X[Z]\�Z
	�W®g�Z��b_�Z]WPZj\LO�c � ��� c$	½ZjT;���b_bZjWPZj\ �L\LKAQ�OYW�K%W�MNOÎX[\
R��� KN\b\JX[_JXnQpK%W®XpZ]\ K%W�T�MNO®W+
R����+ � � -tG���_bMmX[\LO®MNOYW�O�O®_�Z%g-W�_bMmlDKjOPO�fçXpO®W�T®XC�bebWYX[Z]\6K�	½WPMAT(�¿K�X[T�O�Z�	
� =IO�_¿K�qsM1�LMAMA\^T�MAl3Z%qsM�f¶g¯_JXp}~_�	yKAQnQ`X[\JW�ZDWP_bM ' ( g�X[\LfJZNg +ye*�*�LMAT¯X[\LO®MAW]-�K%\¿f©XS\ WPZ@W�_bM ' ( Z]T 

g�X[\LfJZNg +Q[ZNg�MAT�X[\LOYMAW"-tG

��_bM��LhjebTPM�O�Z
	�l3MAT®X[W`Z
	�W�_bM��	TPa�O®WtK�Q �¯KNTPTPM�Q�fJMAW�MN}�WPZjT 	½ZjT	WP_bM¯l=K]O�O�T�MNO®ZNQ[ebW®X[Z]\=Z�	 ' ( ��
���
 �
X[\K�Ni �b_�Z]WPZj\^MAqsMA\ W�O�K%TPM

� ' ( P\�8z¶F)M � � ���1P ���3F)M�� � � 
 � P �%{�F)M�� 0
��WP_bM8T1fJMN}AKAa�l¶Z fJM�OE}AKN\CK�QpO®Z(�LM	eLOYMNf�WPZ�XpfJMA\ W®X 	½a�WP_bM�O®M��LKNTPWYXr}�QSM�O +RMsG hbG 
 + � ' ( -L� a�}AKAQr}�eJQpK%W®X[\bh
WP_�MÎX[\ qjK%T®XpKN\JW�l=K]O�O»Z
		KAQnQ`W�_bM1�LK%T�W®Xp}~Q[MNO@�bTPZ fJe¿}�MNf'X[\ WP_bMCfJMN}8K�aUG

�Y\@WP_bM�QpK%W�WPMAT�}AK]OYM
� P � + � " ) � 
 ) � * - 
 0

�Y\���X[h�G¯xHKHORXShj\LK�Q�}AKAQnQSM�f�� }AK%\`�LM^OYMAMA\�G���_bM�� fJMN}AKAa�O¶x% X[\JW�Z ' ( � K%\¿f XrO4	½TPM
�sebMA\ W®Q[a
�bT�Z fJeL}�MNfDX[\)WP_�M/T�MNK]}�W®X[Z]\

R���1+ ' ( ' ( � 0
�YW`XrO��¿K]}�VJhjTPZ]e�\Lf�	½TPZjl W�_JXpO�}�_LK%\�\bM�Q�g¯_JXp}~_3XrO�O®MAM8\¶X[\@��X[hbG�xJGb�se*�*�LZUO®MCK/qsMAT�a/Q[ZNg¯iM8\bMATPhja � XpO
Q[ZsOYW 	½TPZjl W�_bM�fJMN}AKAa�Z�	�W�_bM���csOYeL}~_mW�_LK%W	W�_bM�Q[ZsOPOEXpO`\bZ]W	\bZjW®Xp}�MNf4� a/W�_bM¯TPM �çeJX[T�MAl¶M8\JW1Z�	�MA\bM8TPh]a
K%\¿f'l3Z]l3MA\ WPebl }�Zj\LO®MAT�qjK%W®X[Zj\�Gd��_�M�MAqsMA\ W	g�XoQnQ¨Z]\JQ[aD_¿K�qsM ��b_bZ]W�Z]\LO�K%\¿f'W�_bM�X[\JqjK%TYXpK%\ W�l=K]O�O
Z�	�WP_bM�TPM8lDKAXS\ XS\�hDWYg�Z;�b_bZ]W�Z]\LO�	½TPZjl7WP_bM��¹f MN}AKAaDg�XnQnQ��LMmKAQ[l¶ZUO®W�}�Z]T�TPMN}�W8GL��_JXpO»XpO»W�_bM�Z]TYXShNX[\
Z�	¨WP_�M9ORX[h]\LKAQEX[\ ��X[hbGLx3K%\Lf¶X[W�fJMAl3Z]\¿O®WPTtK%W�MNO¯K%hUK�X[\^WP_bM�XSl;�LZ]T�W�K%\¿}�M9Z
	`hjZsZ f)l¶Zjl¶MA\ WPe�l K%\Lf
MA\bM8TPh]aCTPMNOYZ%Q[ebWYXSZj\ K%\Lf3K�QSZNg MA\bMAT�h]a9W�_bTPM�O®_bZNQrf4	½Z]T	fJM8WPMN}�WYX[\bh1�b_bZ]W�Z]\LO`X[\¶W�_JXpO�VsX[\LfmZ�	U��_Ja�OuXp}AO�G

�%{



����� 21�����N�N�"��� �3�J�����1�
��_bMC\bMAebW�T�K�Q # l3MNOYZ]\LO�K%T�M/qsM8TPa@Oa�£M�}~XpK�Q1XS\^l=K%\ aDT�MNO#�LMN}�WtO�GL��_bM8a@K%T�MmfJMNO�}�T®XC�LMNfDXS\ KAQnQ

�LKNTPW®Xp}~Q[M��b_ abORXp}AO&�LZsZ]V�O�G	
 O®e6�£M8T,�6}�_LK���WPMAT�Z�	�W�_bM@�bMAa \bl=K%\^QSM�}�WPebT�MNO�+ �	Z%QyGB� -�XpOmfJM�fçXp}AK%W�MNf
WPZ@W�_bMAl�>¿X[W�gãK]O�MAqsMA\@g¯T®X[W�WPMA\ �LM"	½Z]T�MmWP_bM3fçXpO�}�ZNqsMATPa@Z�	�����qsX[Z%QpK%WYX[Z]\�c1g¯_JXp}~_ KjfbfJMNf^KN\bZ]W�_bMAT
M�k¿}~X[W®X[\bh=}~_¿K��bW�MAT¯WPZ3\bMAebW�T�KAQ # �b_ abORXp}AO�G

�bZ]T�W�_bM?�bTPMNOYMA\ W�}�Zj\JW�M�kbW�Z
	Lf MAWPMN}�W®X[\bh¯VjK%Zj\LO�cAX[W�XpO£X[l��LZjTPW�KN\JW¨WPZ¯TPM�K�QnX CAM�W�_LK%W�W�_bM?�LK%T�W®Xp}~Q[MNO
Z��¿O®MAT�qsMNfHK%T�MD\bZjW . ( Z]T R. ( c1WP_bM=M�X[h]MA\LOYW�KNWPMNO9Z
	�WP_bM@OYWPT�Z]\bh)X[\ WPMATtK]}�WYXSZj\�c��bebW . � K%\Lf .  cg¯_JXp}�_¹K%TPM@X[\JW�TPZ fJeL}�MNf X[\�WPM�k�W,�LZsZ]V�ODKjO¶WP_bM WYg�Z M�X[h]MA\LOYW�KNWPMNO¶Z
	;�C: g�X[WP_�W�_bM)M�XShjMA\ q]KAQ[ebMNO
��� P �4�jc��JQ[eLODOYZ]l3M)OYlDKAQnQ9���`i½qçX[Z%QpKNW®X[\bh�KjfJlmXok�WPe�TPMNOmZ�	�W�_bM)M�XShjMA\LOYW�K%W�M)Z
	�Z��*�LZUOuX[WPMH���1G
�Yh]\bZjT®X[\bhHW�_bMNOYM)OYlDKAQnQ�K]fJlmXnkbW�ebTPMNO�c`g¯_JXp}~_6Q[MNK]f6WPZK�LKNTPM�Q[a K%\ aHZ��¿O®MAT�q]K
�JQ[M)M"M�MN}�W�O/X[\ l3MNO®Zj\
O#�LMN}�WPTPZUOP}�Z'�JaUc`g�MDl=KAaH}�Zj\LOuXpfJM8T¶W�_bMAl K]O¶��� M�X[h]M8\LO®WtK%WPM�OmK%\Lf K]O9M�X[h]M8\LO®WtK%WPM�O;Z
	9� K%\Lf6�1c
O®M��LK%TtK%WPM�QSaUcdg�X[WP_^TPM�O#�LMN}�W�WPZ3WP_bM�O®W�TPZ]\�h¶X[\JW�MAT�Kj}�W®X[Z]\�G�� X[WP_ � . ( P � R. ( c � R. ( P � . ( +YOYMAM

D�*�LMA\¿fçXnk$-tcJ: . ( P � . ( K%\Lf3: R. ( P � R. ( + �¿O®MAeLf ZsOP}8K�QpK%TtO�cçXyG MsG � P FL��-¨WP_bM�M�X[h]M8\LO®WtK%WPM�O�K%T�M

.  � . "
P\+ . ( ) R. ( - T 
 bG> � ,\P ) ��� � P �8�

. � � . 
 P\+ . ( � R. ( - T 
 bG> � , P ���� � P ) � 0
��_bM)QnX 	½MAW®X[l3M±Z
	CWP_bM .  XpODOYeL}~_�W�_LK%WDX[W@fJM�}AKAabODKK	½MAg }�MA\ W®X[l¶M8WPTPM�O&	½TPZ]l WP_bM^qsM8TPWPM�k`+YOYMAM
�1K��JQ[M1�A-�G ��_JXpO�XpO�\�Z]TPl=K�QnQ[a3g�XSW�_JX[\@WP_bM�fJM8WPMN}�W�Z]T?�bebW	g�M�QnQ�KAg¯KAa	½TPZjl WP_bM5�bT®X[l=K%T�a9XS\ WPM8T�K]}�W®X[Z]\
qsMAT�WPM�k�G]��_�M�O®MN}�Zj\LfbKNTPa9X[\JW�MAT�Kj}�W®X[Zj\DqsMATPW�M�k8�bTPZNqsXpfJMNf3K �LZNg�M8T#	½eJQLWtK%h�WPZ�XpfJMA\ W®X 	½a .  X[\;�be*�*�JQ[M
}�_LK%l4�LMATtOElDKN\Ja�asMNKNT�O`KNh]Z�Gç�YW¨}AK%\=K�QpOYZ&�LM¯eLOYMNf9XS\mM�QSM�}�WPT�Z]\JXp}�}�Z]eb\ WPM8TEM�k6�LMAT®X[l3MA\ W�O�WPZ1�bTPZNqsXpfJM
K^WPT®X[hjh]MATmZj\ MAqsMA\ W�O�g�X[WP_ K .  G	��_JXpO9XrO3K%\HX[\ WPMAT�MNO®WYXS\�h9�LZsO�OuXC�JXnQnX[W®a¹ORX[\L}�M@WP_bM�O®MDMAqsM8\JWtO9K%T�M
TPM�QrKNW®X[qsM�Q[a TtK%T�Msc�KN\Lf MA\b_¿K%\L}�M8l¶MA\ W4� a K²O#�LMN}~X ��}@WPT®X[hjh]MATDXpO;X[\�h]MA\�MAT�KAQ�T�M
�çe XST�MNf W�ZHZ���W�K�X[\
OPKNl�� QSM�O©g�X[WP_-KH_JX[hj_�\Je�l4�£M8T©Z
	mMAqsM8\JWtO�	½Z]T7�L\LKAQ�O®W�KNWPMNODg¯_JXp}�_-K%T�M±TtK%T�MsG¯��_bM²fJZ]lmX[\LK%\ W
fJMN}8K�a�O�Z�	�WP_bM .  K%T�M

.  + '	(?' 5 � .  + ' ( ' ( 0
��_bM .  XpO�XpfJMA\ W®X �LMNf7� a@}AK�Qp}�e QrKNW®X[\bh@WP_�MÎX[\ qjK%T®XpKN\JW�lDKjOPO¯Z�		W�_bM�WYg�Z4�JX[Z]\¿O +uO®MAMC��X[hbG�| -tG

c)b)a)

0 1
0

200

400

600

800

00

E
nt

rie
s 

/ 0
.0

15
 [G

eV
2 /c

4 ]

E
nt

rie
s 

/ 5
 [M

eV
/c

2 ]

E
nt

rie
s 

/ 1
0 

[M
eV

/c
2 ]

100

200

300

400

500

600

700

200

400

600

800

1000

200 400 600 8001000400

KS
0

m(π+π 
–)[MeV/c2] [MeV/c2] [GeV2/c4](missing mass)2m(π0π0)

KS
0 KL

0

600 800

1000

1200

1400

0.25 0.5 0.75


��X[h]e�TPM=|"Bd��fJMA\ W®X ��}8K%W®X[Zj\HZ�	 .  qsXrK¶X[W�OCfJMN}AKAaDX[\JW�Z@W®g�Z@}�_LK%T�h]MNf^Z]T�\�MAebWPTtK�Q?� XSZj\LO�G1�Y\JqjK%TYXpK%\ W
l=K]OPO3fçXpO®W�T®XC�bebWYX[Z]\LO@Z�	8+YK - ' ( ' ( 	½TPZjl K%\ K%\LKAQ[abORXrODZ
	�WP_bM@T�MNK]}�WYX[Z]\ R� � + .  . � '

( >�+ �$-CZ�	
'	(?' 5 	½TPZjl+KN\@K%\LKAQ[abORXrO¯Z�	¨WP_�M�T�MNK]}�WYX[Z]\ R���1+6.  .  ' ( g�X[W�_©Zj\bM .  f MN}AKAaçX[\bh�X[\JW�Z4b ' ( csW�_bM
Z]W�_bMAT¯Zj\bM�XS\ WPZ '	(?' 5 > +u}�-`XpfJMA\ W®X ��}AKNW®X[Z]\^Z
	 . � = O��Ja3WP_�M/lmXpOPORXS\�hDlDKjOPO�W�MN}~_�\JX[�çebMUG +Y��_�MNOuXpO¯Z�	
!9G �EGbw¯XSM8W CscL��\ XSqsM8T�OuX[WYa@F)eb\ Xr}�_ �A|j|�cbG -

��_bMC}�_LK%T�h]MNf@fJMN}8K�a3l3Z fJM�XrO¯eLOYMNfDWPZmWPTYX[h]h]M8T�Zj\)MAqsMA\ W�O`g�X[WP_ K .  Gb��_bM�WPTYX[h]h]M8T�Z
	`W�_bM
�	TPa�O®WtK�Q/�¯K%TPT�M�Q�Oa�LMN}�WPT�Z]l3MAWPM8T/T�M
�seJX[TPMNOCOuX[l�� QSa²WP_LKNW9XS\²WP_bM � w�� WYg�Z K]fbfsXSWYX[Z]\LKAQ�W�T�K]}�V�O9K%T�M
fJMAW�MN}�W�MNfD}�Zjl��LKNTPMNf@WPZmW�_bMm� � 	 +RZjT��%��� �LM"	½Z]T�M/X[W¯g¯KjO»T�M��JQpK]}�MNf�� a¶W�_bMm� � 	-tGL��_bMC�%���

�Ax



_LKjf^K¶T�KjfçX[eLO�Z�	 bJG �D}�l c£W�_bM¶� � 	 _LKjO�K¶T�KjfçX[eLO�Z�	��]G bD}�l GL��_bM3O®l=K�QnQ[MAT�T�KjfçX[eLO�Z�		W�_bMD� � 	
OuX[hj\JX ��}AK%\ W®Q[a)X[l;�bTPZNqsMNO	WP_bM�WPTYX[h]h]M8T�M"J'}~X[MA\L}�a=K%W�Q[ZNg�MAT .  l¶Zjl¶M8\JWtK�+3�8z]z�FGb]zjz@F)M���E	��-�G

��_bM@QoX 	½MAWYX[l¶M Z�	�W�_bM . � K%\Lf X[W�O=fJMN}AKAa �LKNWP_ K%TPM O®Z^Q[Z]\bh`+Y�1K�� QSMH� -mW�_LK%WmX[W¶e¿O®eLKAQoQ[a
fJMN}8K�a�O�Z]ebWtOuXpfJM@WP_�M@fJMAW�MN}�WPZjTAGE�jXS\¿}�M¶X[W9XpO/\bMAe�WPT�KAQ�X[W/XpO�\bZ]W3OYMAMA\^XS\²WP_bMDW�T�Kj}~VsX[\bh^}�_LK%l4�LMATtO�c
�bebW¯W�_bMAT�M�XpO¯K4�]z&% }~_LKN\L}�M�W�_LK%W�X[W�X[\ WPMATtK]}�WtO�XS\ WP_bMÎ}�TPa�O®WtK�Q1}8K�Q[Z]TYXSl3MAW�MATAGL��_bM�O®M(�bT�Z��LMAT�W®X[MNO¯Z�	
WP_�M . � }AKN\K�£MCeLO®M�f)WPZ¶XpfJMA\ W®X 	½aDX[WAc�KjO»Q[Z]\bh KjO�K�QnQ	W�_bM9ZjWP_bMAT5�LKNTPW®Xp}~Q[MNO�X[\^WP_�M&�L\LKAQ	OYW�KNWPM3K%T�M
fJMAW�MN}�W�MNfdGs�bZ]T�WP_JXpO?�bebT,�LZUO®Msc WP_bM�f MAWPMN}�WPZ]T	_LKjO�W�Z�LM�_bMAT�l¶M8W®Xp}]c%XyG MUGJ}�Z%qsM8T�c ' OYTAGs� 	�WP_�M . � _¿K]O
\bZjW»X[\ WPMATtK]}�W�MNfdcbWP_�M/lmXpOPORXS\�h¶l=K]O�O

��� � ��� P � + � � � ��� - 
 P � +�� 
� � ��� � �� 
� � ��� -

}AKN\9�LM3}AKAQr}�eJQpK%WPM�fH	½T�Z]l lmXrO�OuX[\bh MA\bMAT�h]a K%\Lf^l3Z]l3MA\JW�ebl c +���� � ��� ���� � � ��� -tc¿XyG MUGdWP_bM3fsX.M�MAT�MA\L}�M�O
�LMAWYg�MAM8\ W�_bM^OYebl Z�	Cf MAWPMN}�WPMNf �LKNTPW®Xp}~Q[M^MA\�MATPhNXSM�O¶KN\Lf l¶Zjl¶M8\JWtK^K%\Lf6WP_bM@XS\¿}�Z]lmX[\bhHMA\bM8TPh]a
K%\¿f l3Z]l3MA\JW�ebl +Y��X[hbG�|�� -�G`� 	�X[W3_LK]O9X[\JW�MAT�Kj}�WPM�fdc`WP_bM@MA\�MATPhjaHfJM��£ZUOuX[W¶X[\ W�_bM }�TPa�O®WtK�QpO3fJZsMNO
\bZjW@�bTPZNqsXrf M9KN\Ja=h]ZsZ f'X[\�	½ZjTPl=K%WYXSZj\^Z]\@WP_�M�MA\bMAT�h]aDZ
	`W�_bM . � cbORX[\L}�M�WP_bM �LeL}�W�eLK%WYXSZj\LO¯Z�	�O®eL}�_
_LKjfJTPZj\JXp}/OY_bZNg�MATtO	K%TPM�qsMAT�aÎQpKNTPh]MZ>J_bZNg�M8qsMATAcNWP_bM¯X[\�	½Z]T�lDKNW®X[Z]\@Zj\¶W�_bM�KN\bh%Q[M�XpO�O®W®XnQnQ�e¿O®M"	½eJQyG ��_JXpO
WPM�}~_b\ X �sebMCK�QnQ[ZNg�O»XpfJMA\ W®X ��}AKNW®X[Z]\^Z
		MAqsMA\ W�O	Z�	¨WP_bM�WYaG�£M

R����+ . � . � '
(

K%\¿f)fJMAW�MATPlmX[\LK%WYX[Z]\)Z
		WP_�M�X[T�}�Zjl�� QSM8WPM�VsX[\bMAl=K%W®Xp}AO�G

����� . ���L�A��< �>
 ���������N�J� �J�
�s_bZjTPW�iÌQnX[qsMNf�OYW�K%W�MNO�c�KAQrOYZ¹}AK�QnQ[MNf�T�MNO®Zj\LK%\¿}�MNO�+ �LMAWYg�M8MA\�WP_bM _LKjfJTPZj\LO'X[\ WPZ g¯_ Xr}�_�W�_bMAa

fJMN}8K�aL-�cLKNTPM9X[\K�bTYXS\¿}~XC�JQ[M3fJMAWPM�}�WPMNf�cJQoX[VsM;<nO®WtK��JQ[MA=L_LKjfJTPZj\LO�cU� a@}AK�Qp}�e QrKNW®X[\bh WP_bM�XS\ qjK%TYXrKN\JW�l=K]O�O
Z�	¨WP_�M�fJMN}AKAa;�bTPZ f eL}�W�O�G���_bMAT�MNK]O	WP_bM�g�XpfJW�_)Z
	¨KmO®W�K
�JQ[M9ZjT�qsMAT�am\LK%T�TPZNg�TPM�O®Z]\¿K%\L}�M�XrO�e¿O®eLKAQoQ[a
fJMAW�MATPlmX[\bMNfK�Ja WP_�MDfJM8WPMN}�W�Z]T�TPM�O®Z%Q[ebWYX[Z]\�c��bT�ZsKjf T�MNO®Zj\LK%\¿}�MNO/_¿K�qsM=K©\¿K%WPe�T�K�Qãg�XpfJWP_Hg¯_ Xr}�_±XpO
lmeL}�_¶QpK%T�h]MAT�W�_LK%\@W�_bMCfJMAWPM�}�WPZjT¯TPMNOYZ%Q[ebW®X[Zj\�G

w�MAW�MN}�WYXS\�h@K%\LfDXpfJMA\ W®X 	½açX[\bh@T�MNO®Zj\LK%\L}�MNO»XpO�c£X[\^hjMA\bMATtK�Qyc£lme¿}~_@l3Z]TPM�fçX J@}�eJQ[W�X 	�W�_bMAa K%T�M
�bT�ZsK]fDW�_LK%\¶X 	1W�_bMAa3K%T�M�\¿K%TPT�ZNg�GJ�Y\¶l=K%\ a=}AK]OYMNO�csWP_�MATPM¯XpO�MAqsMA\�FPeLOYW®X ��}AKNW®X[Z]\DX[\@OPKAasX[\bhmWP_LKNW 	½ZjT
WP_�M�_ eb\ WPMATtO£Z
	�O®_bZjTPW�iÌQnX[qsMNf/_¿K]fJT�Z]\LO�WP_bM	T�MNK�QçfbK%WtK�KN\LK�Q[a�OuXpOEg�ZjTPV(�LMAhNX[\LOEg¯_bMAT�MEX[WEM8\LfbO 	½Z]T�ZjWP_bM8T
�LKNTPW®Xp}~Q[M��b_ abORXp}~XpO®W�O�G	
/	½WPM8TmO®M�QSM�}�W®X[Z]\6Z
	�WP_bM��¿\LK�Q�OYW�K%W�M@K%\¿f OYe*�bW�T�K]}�W®X[Z]\ Z�	�WP_�M7�LK]}�V h]TPZjeb\Lf
+RW�_JXpO»XpO»W�_bM�LZNXS\ W�g¯_bM8TPM�WP_bMC\bZ]T�lDKAQ��¿K%TPWYXp}~Q[M�b_ abORXp}~XpO®W�XpO¯TPMNKjfJa@WPZ;�be*�JQnXpO®_ WP_bM�Z'�LO®MAT�qjK%W®X[Zj\
Z�	ãKDORX[h]\LKAQ�ZjT�K%\^e6�*�LMAT�QnX[l;X[W"-�KN\ � ��8��>
r�����	�H� �1�"� �1��
½� _LK]O�W�Z7�LM4�LMAT#	½ZjTPl3MNfdcLg¯_JXp}~_ }AKN\
�LMDqsMAT�a)WPM�fçX[Z]eLO�G	��_bM¶l=K�X[\6TPM�K]O®Zj\9	½Z]TCWP_bM=fçX J'}�eJQ[WYa4XpO/W�_LK%W�O®_bZjTPW�iÌQnX[qsMNfHTPMNOYZ]\LKN\L}�MNO�c`ORXS\¿}�M
WP_�MAa3K%T�M(�bTPZUK]fdc qsMATPaCT�KNTPM�Q[a�<nO®WtK%\Lf=K�Q[Z]\bMZ=��bebW	TtK%WP_�MAT�ZNqsMATYQrK
�DKN\Lf¶X[\JW�MAT#	½MAT�M¯g�X[WP_DMNKj}~_3Z]W�_bMAT8G

�dMAWDe¿O��LT�OYW }�Z]\LORXpfJMAT@WP_bM _JaG�LZ]W�_bMAW®Xp}AKAQ8�bTPZ fJe¿}�W®X[Z]\¹Z�	;K%\ XpO®ZNQpK%WPM�f�TPMNOYZ]\LKN\L}�M)X[\ER���
K%\�\JX[_JXnQrKNW®XpZ]\2+Y��X[hbGB�AzA-�G

�Y\^Z]TtfJMAT�WPZ�	½ZjTPl KDTPM�O®Z]\¿K%\L}�M9X[\ �bTPZ f eL}�W®X[Zj\�cEW�_bM�L\LKAQ¯OYW�KNWPMm_LKjOÎW�Z }�Z]\ W�KAXS\²K%W�Q[MNKjO®W
WP_�TPMAM1�LKNTPW®Xp}~Q[MNO�K%\Lf@WP_bMCWPZ]WtK�Q¨MA\bMAT�h]a 
 X R��� P � R��� P � + � R� ) �	� - 
 cJXRG MsGbWP_�MmKAqjK�XnQpK��JQ[M;�b_LK]OYM
O#�¿K]}�Msc�lmeLOYW1�£M=O®eGJ@}~X[MA\ W®Q[a)QpK%T�h]MsG¨��_bM=}AK]OYM¶Z
	��I�¿K%TPWYXp}~Q[MNOÎXpO/Z
	�}�Z]e�T�O®M3WP_�MDORXSl;�JQ[MNOYWAG`�seL}�_
KI�¿\LK�QãO®WtK%W�M@}AK%\ �LM@fJMNO�}�T®XC�LMNfK�Ja^WYg�Z©VsX[\bMAl=K%WYXr}3q]KNT®XpK�� QSM�O/X.	�g�MDKjOPOYebl¶M3WP_¿K%W9W�_bMAT�M9XrO9\�Z
�bT�M"	½MATPT�MNf3fçX[TPMN}�WYX[Z]\�c�K]O�XpO�W�_bM�}8K]O®M5	½Z]T	WP_bMÎK%\b\JX[_JXnQpK%WYX[Z]\^Z�	1e�\*�LZ%QpK%TYXDC8MNf R� � K%W�TPMNOYWAG ��_bM�e¿O®eLKAQ
qjK%TYXrK
�JQ[MNO�KNTPM9W�_bM�X[\JqjK%TYXpK%\ W�l=K]O�O®MNO�O,�seLK%T�MNf7�LMAWYg�MAMA\��LKAX[T�O¯Z�	?�LKNTPWYXr}�QSM�O�c*	½Z]T�X[\LO®WtK%\L}�M

�A|



� 

" 
��

X
" 


P + � " ) � 
 - 

� 

" * �

X
" *

P + � " ) � * - 
 �

g¯_bMAT�M�WP_bM � ��K%T�M�WP_bM1c]i½qsMN}�W�Z]TtO�G

3

2

1

p
→

Spp, L, p
→

Q

T
p

p 3

2

1

S12, ϑ, q,    →

ϑ

q
→

a) b)

��X[h]e�TPM2�Az�BD+YKA-3�`TPZ fJe¿}�W®X[Z]\¹Z�	/K �%i_�LZ fJa �L\LKAQCO®WtK%WPM@X[\ER��� K%\b\ XS_ XoQpKNW®X[Z]\-g�X[WP_¹K±T�MNO®Zj\LK%\¿}�M
�LMAWYg�MAM8\7�LK%T�W®Xp}~Q[MNO��KN\Lf�bG>$+ �$-�f M"�L\JX[W®X[Zj\)Z�	¨WP_�M9}�Z]TPT�MNO#�LZj\LfçX[\bhDVsX[\bMAl=K%W®Xp}�q]KNT®XpK�� QSM�O(X " 
 �3X " *+X[\ qjK%T®XpKN\JWtO -�c �� K%\Lf # +ufJM"�L\�MNf'X[\^WP_�M%R��� }�l7O®a�O®W�MAl�-�c�K%\Lf �� ���7+YfJM]�L\bMNfDXS\^W�_bM9T�MNO®W�O®a�O®W�MAl
Z�	�WP_bM�TPM�O®Z]\¿K%\L}�M�W�_bMm�ZjWPWa	½T®X[MNf&F � K]}�VbOYZ]\ O®a�O®W�MAl cbO®M8M/W�M�k�W"-�G

��_bM�WP_ XSTtf'X[\ q]KNT®XpK%\ W�l=K]O�O�XrO�WP_bMA\@hNXSqsM8\�� aDW�_bM�TPM�QpK%WYX[Z]\

X " 
 ) X 
 * ) X " * P`X R��� ) X " ) X 
 ) X * �

g¯_bMAT�M8X � � � 
� 0 ��Kj}~_=MAqsMA\ W�}8K%\��LM/T�M��bT�MNO®MA\ WPM�f�� aDK�LZNXS\ W¯XS\@W�_bM(�JQpK%\�M4X " * qsMAT�OYeLO�X " 
 c�K%\LfWP_�M9}�Z%QnQ[MN}�W®X[Zj\^Z�	:�£ZNX[\JWtO +uOP}AKNWPWPM8TPh]TtK%l�-�}�Z]T�TPMNOa�LZ]\LfçX[\bh=WPZ=KmOPK%l;�JQ[M9Z
	`l=K%\ aDMAqsM8\JWtO¨XpO�}AK�QnQ[MNf
K9>@�"�>
r��� 8��;�b�sGJ�YW�}AKN\��LM�OY_bZNg¯\DWP_LKNW¯K�_bZ]l3Z]hjMA\bMAZjeLO¯fçXpO®W�T®XC�bebWYXSZj\)Z
	B�£ZNX[\JWtO¯}�Z]T�TPMNOa�£Zj\LfbO�W�Z
Km_bZ]l3Z]hjMA\bMAZjeLO/��_LK]OYMAiROa�LK]}�MmfçXpO®W�T®XC�bebWYX[Z]\ Z�		W�_bM(�L\LK�Q[iyO®WtK%WPM4�¿K%TPWYXp}~Q[MNO�G

��ZNg¹O®e6�*�LZsO®M�W�_LK%W¯Zj\JQ[aDZ]\bM�XS\ XSWYXpK�Q1R��� O®WtK%W�M/g�X[W�_��seLKN\JW�ebl \Je�l4�£M8T�O �	���^}�Z]\ WPTYXC�bebWPM�O
K%\¿f4Zj\JQ[a9�LKNTPWYXr}�QSM�O��3KN\Lf bDTPMNOYZ]\LKNWPM3g�X[WP_²K%\bhjeJQpK%T9l3Z]l3MA\ WPebl �®G�
�OPOYebl;X[\bh7	½ZjT9ORX[l��JQnXp}~X[WYa
WP_¿K%W�K�QnQ`W�_bTPM8M �¿\LK�Q[iyO®W�KNWPM;�LK%T�W®Xp}~Q[MNO�KNTPM4+ �¿O®MAeLf Z�-YO�}AK�QpKNT�O�c ��M �çeLKAQpO»W�_bMCO#�JX[\^Z�	�WP_bM�TPM�O®Z]\¿K%\L}�MUG
��_bMA\ WP_bM�Z'�LO®MAT�qsMNf;X[\ WPMA\LORX[W®aK+y\bZ]T�lDKAQoX CAM�f)fJMA\¿OuX[WYaDZ�	?�LZNXS\ W�O¯XS\@W�_bMCw�K�QnX[W C4�JQ[ZjW"-	XrO

�L+aX " 
 �3X " * -?P ��� � $ ��� � � � � +YX " 
 �3X " * -
� 
 �

g¯_bMAT�M�WP_bMCO®e�l	� T�eb\LO¯ZNqsMAT # cbWP_�M&�LZUOPOuXC�JQ[M=K%\bhjeJQpK%T�l3Z]l3MA\ W�K�LMAWYg�M8MA\7�LKNTPW®Xp}~Q[M;�mKN\Lf©W�_bM
TPM�O®Z]\¿K%\L}�MUG���_bM3WPZ]WtK�Q�KNl�� QoX[W�eLfJM¶XpO�K�+Y}�Z]_bMAT�MA\ W"-�OYebl ZNqsMAT # OuX[\L}�Msc£X[\±hjMA\bMATtK�Qyc�fçX M�MAT�MA\JW #
l=K�a=}�Zjl4�JX[\bM�g�X[WP_ K ��kbMNf��dWPZmWP_�M�OPKNl¶M ��GJ��_�M(�LK%T�W®XpK�Q¨KNl�� QoX[W�eLfJM � $ ��� � � � � XpO�h%X[qsMA\ �JamW�_bM
	½Z%QnQ[ZNg�X[\bh��bTPZ fJe¿}�W�B

� $ ��� � � � � +aX " 
 �3X " * -�P�
 $ ��� � � � � + �� T � � �� T �A- �
�

+ � -� � +!�A- �

g¯_bMAT�M �� T � XpO�W�_bM3fçX[TPM�}�W®X[Z]\^Z
	¯W�_bM9T�MNO®Zj\LK%\L}�M9XS\^W�_bM9QpK��LZ]TtK%W�Z]TPa²K%\¿f �� T �;XpO�WP_bM�fçX[TPMN}�WYX[Z]\ Z�	
�LKNTPW®Xp}~Q[M2�DT�M�QpK%W®X[qsM WPZ WP_bM �� K 	½WPM8T3K±�dZjTPMA\ W C��LZsZsOYW¶X[\JW�Z±W�_bM@TPMNOYW3O®a WPMAl?Z
	�WP_�M©T�MNO®Zj\LK%\¿}�M
+P�ZjWPW#	½TYX[MNf&F�� Kj}~V�O®Zj\ O®a�O®W�MAl�-tcbOYMAMC��X[hbGB�AzJG

b]z



��_bM�l3Z]l3MA\JWtK � KN\Lf��mK%T�M/hNX[qsMA\©X[\)W�MATPl=O�Z
	 X
" 

�3X
" *

� a

� 
 P � X R��� � + �
" 
 )

� * - 
 !Y� X R� � � + �
" 

� � * - 
 ! T cAX R��� �

� 
 P � X
" 

� +��

" )
� 
 - 
 !a� X " 
 � +��

"
� � 
 - 
 ! T cAX

" 
 0
��_bM�K%\bhNQSM ��+Y��X[h�G �8z - �£M8W®g�MAMA\ �� K%\¿f ��ÎXpO¯h%X[qsMA\��Ja

b�X
" *

P � +aX
" *

- � ��� ) +aX
" *

- � � � ! ) � +aX
" *

- � ��� � +YX
" *

- � � � !�}�ZsO � �
g¯_bMAT�M&+YX

" *
- � � � � � ���	fJM��LMA\LfmZ]\IX

" 

Gs��_�MD	½eb\L}�WYX[Z]\ 
 $ ��� � � � � + �� T � ���� T �A-�XrO	WP_bM�O#� XS\�i �LKNT®X[WYa@K%l;�JQnX[i

WPe¿fJM3fJMNO�}�T®XC�JX[\bh@WP_�M3K%\bhjeJQpK%Tm}�Z]TPT�M�QpK%WYXSZj\LO(�LMAWYg�MAMA\ WP_bM�¿\LK�Q[iyO®W�KNWPM;�LK%T�W®Xp}~Q[MNO�fJebMmW�Z@K%\�h]eJQpK%T
l3Z]l3MA\JW�ebl }�Z]\LOYMATPqjKNW®X[Z]\�G � M©_¿K�qsM=eLO®MNfH\bZjW�KNW®X[Z]\LODg¯_JXp}�_ K%TPM }�e¿O®WPZjlDKNTPaHg¯_�MA\6WP_bM@\bZj\bi
TPM�QrKNW®X[qsXrOYW®Xp} �LMAl=K]}�_ 	½ZjTPl=K�QnXpO®l �I{�!�XpO@K��*� QoX[MNf�GÎ��W�_bMAT4	½Z]TPl=K�QnXpO®l=O)KNTPM)X[\�eLOYMB�WP_�M^_bM�QnXp}~X[W®a
	½Z]T�lDKAQnXrOYl � x�!�K%\¿f;W�_bM���K%TYX[W�K F�� }�_Jg�X[\bhjMAT 	½ZjTPl=K�QnXpO®l � |�!yGs�¯MN}�MA\ W®Q[ascj}�ZNqjK%T®XpKN\JW?	½Z]TPlme QrKNW®X[Z]\¿O�Z�	
WP_�M9WYg�Z4	½Z]T�l¶MAT�l3MAWP_bZ f�O»_LKAqsM8�£M8MA\^KjfJqsZ }AK%W�MNf � �Az c �'��!RGL��_bM�O#�JX[\bi_�LK%TYX[W®a�	½e�\L}�W®X[Zj\H� O®MAM8lDO
WPZ�fJM��LMA\LfmZ]\=l¶ZjTPM�q]KNT®XpK�� QSM�O�WP_LKN\�X

" 

�3X
" *

>ç_�Z%g�MAqsMAT8c%g¯_bM8\DWP_bM�O®e�l Z�	U�¿K%TPWYXpK�Q¨K%l;�JQnX[WPeLf MNO�XpO
O,�seLKNTPMNfdc�WP_bM�O,�seLK%T�MNO�Z]T�l;Xnk�MNf��bT�Z fJeL}�WtO�Z�	�WP_bM3�K	½eb\L}�WYXSZj\LO&+yg¯_JXp}~_ KNTPM9X[\^TPMNKAQnXSWYa WPMA\LOYZ]TtO -
K%T�M�T�MNfJeL}�MNf;W�ZCOP}AKAQrKNT�	½eb\L}�WYX[Z]\LO	Z�	�W�_bM�K%\bhNQSM �JG ��_bM@	½eb\L}�WYXSZj\��

�
+ � -�XpO�WP_�M&< K%\bhjeJQpK%T�l3Z]l3MA\bi

WPe�l �LK%T�T®X[MAT�=sZjTD< �LMA\�MAWPTtK%W®X[Zj\�	yK]}�W�Z]T�=Sc]WtK%VsMA\3WPZ1�LMD��TPZ��LZjTPW®X[Zj\LK�Q¨WPZ � � Z]T�K�l¶ZjTPM�}�Zjl��JQnXp}AKNWPMNf
M�k6�bTPM�OPOuX[Zj\6K]}A}8}�Z]TtfçX[\bh)W�ZK��QpK%W�W F�� M�XpOPOYVsZ���	�� ��b
! >1K%\Lf^WP_�M�	yKj}�WPZjT � � + � -tcdWP_bM�<nf aJ\LKNl;Xp}	½eb\L}�i
W®X[Zj\U=Sc�fJMNOP}�T®XC�LMNO�W�_bM�f aJ\LKNl;Xp}AO�Gb�bZ]T�WP_bM�}AKjO®M�Z�	¨K9ORX[\bh%Q[M�XpO®Z%QpKNWPMNfDTPM�O®Z]\¿K%\L}�M�XSW	XpO�h%X[qsMA\;�JamW�_bM
TPM�QrKNW®X[qsXrOYW®Xp}4��TPM�XSW F�� X[h]\�MAT�KNl�� QoX[W�eLfJM��.����!

� � P�� 
 T +�� 
( �2X " 
 ��� ��

 -

g�X[WP_ �P b � T 
 X " 
 c�� ( WP_bM�\bZjl;X[\LKAQ`T�MNO®Zj\LK%\L}�M/l=K]O�O�KN\Lf	� 
@P � ( O ( � � +!�A- 
 T LG
��_bM7��TPZ }�MNO�OÎQ[MNKjfçX[\bh^WPZ WP_bM7��TPZ fJeL}�W®X[Z]\6Z�	�W�_bM3TPMNOYZ]\LKN\L}�MDl=KAaK�£M'}�Z]\L}�M��bWPe¿K�QnQ[a9	yK]}�i

WPZjT®X CAMNf^XS\ WPZ WYg�Z B$�LTtO®W8c�W�_bM7�bT�Z fJeL}�WYX[Z]\6Z�	�W�_bM¶W�_bTPM8MAi �LZ fJaK�L\LKAQãO®W�KNWPM�0 fJM�OP}�TYX �LMNf �Ja^W�_bM
) �JQ[Z��DX[\@��X[hbG �AzjK 0 KN\LfDOYMN}�Z]\¿fdcA�JamW�_bM�TPM�O®Z]\¿K%\L}�M�Z]TAcsl3Z]T�M�hjMA\bMATtK�QnQ[asc��L\LKAQSiyO®WtK%W�MÎX[\ WPMATtK]}�i
W®X[Zj\��LMAWYg�MAMA\;�LK%T�W®Xp}~Q[MNO(��K%\¿f7bJc�fJMNOP}�T®XC�LMNf�� a¶W�_bM�� �JQ[Z��DX[\@��X[h�GU�Az]K Gb��_ eLO�WP_ XrO?�bTPZ f eL}�W®X[Zj\
�bT�Z }�MNOPO	}AKN\4�LM�T�M�QpK%WPM�f9WPZCK�fçX M�MATPM8\JW	VsXS\¿f9Z�	U��TPZ }�MNO�O�c]W�_bM�OP}8K%WPW�MAT®X[\bh�Z
	U�LKNTPW®Xp}~Q[M8��Z]\;�LKNTPW®Xp}~Q[M
bJc�fJMNO�}�T®XC�LMNf7�JamW�_bM�O�}AK%W�WPMATYXS\�h3K%l;�JQnXSW�eLfJMC��GJ� 	�WP_bM�O�}AK%W�WPMATYX[\bh3}AK%\ �£M�XS\�M�QpK]O®WYXp}�+XyG MsG]XS\ KjfbfçX[i
W®X[Zj\±W�Z¶W�_bM9M�QpKjO®W®Xp}mO�}AK%W�WPMATYXS\�hbcdMsG hbG '�' + '�' cbZ]WP_�MAT/�¿\LK�Q�O®WtK%WPM�O�K%T�M�LZsO�OuXC�JQ[M@K%W�WP_�M9MA\bM8TPh]a

 X " 
 c MsG h�G '�'�+ . R. -	WP_�MA\@��_LK]O�W�Z4�£M�M�k�WPM8\LfJMNf¶W�Z�LMCK9lDKNWPTYXok�cbWP_�M<n��i½lDKNWPTYXok =SG��bZ]T¯Z]e�T
M�k¿K%l;�JQ[M�g�XSW�_)WYg�Z4�LZUOPOuXC�JQ[M3}�_LK%\�\bM�QpO�c � " " K%\Lf

� 
 
 fJMNO�}�T®XC�LM�WP_bM�M�QpKjO®W®Xp}COP}AKNWPWPM8T®X[\bh '�'-+ '�'
K%\¿f . R. + . R. c�TPMNOa�£M�}�W®X[qsM�Q[asc�KN\Lf �

" 
 K%\¿f
� 
 " fJMNOP}�T®XC�LM¶W�_bMmWPTtK%\LORXSWYX[Z]\LO '�' + . R. K%\Lf

. R. + '�' c£T�MNO#�LMN}�WYX[qsM�Q[asGd��_�M	yK]}�W�Z]T)ÀWPebT�\LO�X[\JW�Z@KDqsMN}�WPZjTAcbW�_bM7< )�i½qsMN}�WPZjT�=[cbg¯_bMATPM�
 " fJMAiOP}�T®XC�LMNO�W�_bM���TPZ fJeL}�W®X[Z]\ R� ��+ '�'4) O#�LMN}�WtK%W�Z]T¨K%\Lf�
 
 WP_�M ��TPZ fJeL}�W®X[Z]\ R��� + . R. ) O#�LMN}�W�K%W�Z]T8G
�Y\mZ]ebT	M�k¿K%l;�JQ[MscNWYg�Z�fçXpKNh]T�KNlDO�}�Z]\ WPTYXC�bebWPM¯W�Z�WP_bM��L\¿K�Q�OYW�K%W�Msc]g�X[WP_3WP_�M�XS\ WPM8TPl3MNfçXpK%W�M@�LK%T�W®Xp}~Q[MNO
�CK%\Lf�b�£M8W®g�MAMA\@WP_�M�) K%\Lf � � QSZ'�LOD�LM�X[\bh '�' Z]T . R. G

� M�_LKAqsM¯ZjebW®QnX[\bMNfD_bMAT�M¯WP_bM1)�iqsM�}�WPZjT�K
�*�bT�ZsK]}�_ � �"c�!LW�Z/W�_bM5�bTPZ fJe¿}�W®X[Z]\�Gd��W�_bMAT	f MNOP}�TYXC�bi
W®X[Zj\LOD0 W�_bMm�`i½qsMN}�WPZjT�K
�*�bT�ZsK]}�_ �.����!?+YOYMAMsc*	½Z]T�M�kLKNl�� QSMUc�� ����!_-�ZjT�WP_�Mm� E�w l¶MAW�_bZ f%+uO®MAMUcN	½ZjT
M�k¿K%l;�JQ[Msc?� �%{
! - 0 K%T�M��LM�X[\bh eLO®MNf^WPZ fJM�OP}�TYX �LM3WP_bM;�bT�Z fJeL}�WYXSZj\HZ�	ãTPMNOYZ]\LKN\L}�MNO�g¯_JXp}~_²}�Zje*�JQ[M
WPZCl¶ZjTPM�W�_LK%\=Z]\bM�}�Z]\ W®X[\Je�ebl+OYW�KNWPMsGL�sZ&	yKNTAcsg�M�_¿K�qsM�l=K]fJM�WP_bMÎOuX[l�� QoX 	½asX[\bhDKjOPOYebl���W®X[Z]\ WP_LKNW
Z]\ QSa=Z]\bM�TPMNOYZ]\LKN\L}�M�XpO?�£M�XS\�h4�bTPZ fJe¿}�MNf��LMAWYg�M8MA\���KN\Lf7bJG�!�ZNg�MAqsM8TAcNWP_bMAT�M�l=KAa4�LM�l3Z]T�M�W�_LK%\
Z]\�M©T�MNO®Zj\LK%\¿}�M��£M8W®g�MAMA\ �@K%\Lf2b cEg�X[WP_ fçX MdM8TPMA\ W �Yc`KN\LfHWP_bMAT�MDl=K�a²K�QpOYZ9�LMDT�MNO®Zj\LK%\L}�MNO�c`ZjT
l3Z]TPM3h]M8\bMAT�KAQnQSaUc �L\LKAQ[iROYW�K%W�M©X[\ WPMATtK]}�WYXSZj\LO&�LMAWYg�MAMA\ �DK%\¿f �)KN\Lf b)KN\Lf � K%\Lf±M8qsMA\K�LMAWYg�MAMA\
K�QnQ	W�_bTPM8M&�¿K%TPWYXp}~Q[MNO&+QnX[VsM9W�_bM�TPMNO�}AK%W�WPMATYX[\bhDZ�	�Z]\bMCZ�		W�_bMCfJMN}AKAa7�bT�Z fJeL}�WtO�Z�	�WP_bMCTPMNOYZ]\LKN\L}�M9Zj\
WP_�MDOa�£M�}�W�KNWPZ]T8cdg¯_JXp}�_±Z
	�}�ZjebT�OYMD}AKN\±W�_bMA\^\bZDQ[Z]\�h]MAT8�£M3}8K�QnQ[MNf±WP_�M3O#�LMN}�WtK%WPZjT"-tGE��O®eLKAQoQ[asc�W�_bM

b��



X[\JW�MAT�Kj}�W®X[Zj\LOãX[\ qsZ%Q[qsXS\�hDWP_bT�MAM(�LKNTPWYXr}�QSM�O�KNTPM�X[h]\bZjTPMNf^KN\Lf¶XSW¯XpO�KjOPOYebl¶M�f'W�_LK%W¯W�_bM�X[\JW�MATPl3MNfçXpK%W�M
O®WtK%W�M)KAQ[g¯KAabO3}�Zj\LOuXpO®WtO¶Z�	ÎK)TPM�O®Z]\¿K%\L}�M KN\Lf K^OYW�K�� QSM _LK]f TPZ]\ +RW�_bM O#�LMN}�WtK%WPZjT¶ZjT7< �LKj}~_�M�Q[Z]T�= -�c
g¯_JXp}�_HfJZ \bZ]W�X[\ WPMATtK]}�W4+ 
½� �£�1�b� �����	�&� -tG��EkbW�MA\LfçX[\bh@WP_ XrO�l¶Z f M�Q�WPZ7�L\LKAQ¯OYW�KNWPMNO�g�XSW�_±l3Z]T�M
WP_¿K%\)W�_bTPM8M(�LK%T�W®Xp}~Q[MNO�cJXSW¯XpO¯K]O�O®ebl3MNfDWP_LKNW�W�_bMNOYM�O®WtK%WPM�O¯K%TPM�T�MNK]}�_bMNf�� aDW�_JXpO�VçX[\Lf@Z�	�O®M
�sebMA\L}�Msc
MsG hbGsWYg�Z�TPMNOYZ]\LKN\L}�MNO	KNTPM5�bTPZ fJe¿}�MNf¶g¯_JXp}�_DWP_�MA\;X[\3WPebT�\@fJMN}8K�a�X[\JW�Z9WYg�Z�TPM�O®Z]\¿K%\L}�M�O�KN\LfDOYZ9Z]\�G

»QnQLW�_bMNO®MãK%l;�JQnX[WPeLfJM�O¨X[\ WPMATa	½MATPM	g�X[WP_3MNKj}~_CZ]WP_�MAT	K]O�QSZj\bhCK]OEW�_bMAa�X[\JqsZNQ[qsM¯WP_bMãOPK%l3M�X[\JX[W®XpK�Q�OYW�K%W�M
K%\¿f;ZNqsMATYQrK
�9X[\��b_¿K]O®M�O#�¿K]}�MscNg¯_JXp}�_;XpO`l¶ZjTPM�QnX[VsM�Q[a&	½ZjT ��TPZsKjfJMAT`T�MNO®Zj\LK%\¿}�MNO�G*+y�Y	£fçX MdM8TPMA\ WEX[\JX[W®XpK�Q
O®WtK%W�MNO�KNTPM¯XS\ qsZ%Q[qsMNf�cçW�_bM�}�Z]T�TPMNOa�£Zj\LfçX[\bh9X[\ WPMA\LORX[W®X[MNO�KNTPM�K]fbf MNf;X[\L}�Zj_bMATPM8\JWYQSaUG.-¨�bZ]T`X[\LO®WtK%\L}�MUcUX[\
Z]\�M9Z�	¨WP_�M/M�kLKNl��JQ[MNO¯h%X[qsMA\ K
�£ZNqsMscbW�_bMCK%\b\ XS_ XoQpKNW®X[Z]\

R����+ .�(���.-5�+ + .�( ' ( - .-5 �

WP_�M9O�K%l3M(�L\LK�Q¨OYW�KNWPMC}AK%\ KAQrOYZ��LM�TPM�K]}�_bMNf�� aDKN\b\JX[_JXnQpK%WYXrZ]\ qsXrKmfsX.M�MAT�MA\ W�XS\ WPM8TPl3MNfçXpK%W�M9OYW�KNWPMNO�c
R����+ .�(�.-5 � + .�( + ' ( .-5 - Z]T R� � + � ' ( + + .�(�.-5 - ' ( �

	½TPZjl+WP_�M9O�K%l3M�XS\ XSWYXpK�Q�OYW�K%W�MsGL��_bM1�bTtK]}�VsMAW�O�OuX[h]\JX 	½a K9TPMNOYZ]\LKN\L}�M�LMAWYg�MAMA\DW�_bM(�L\LK�Q[iyO®WtK%WPM8�LK%T�i
W®Xp}~Q[MNO¯g�X[WP_JX[\ WP_bMAl Gb
�O�XS\ WP_bM4< }~QpK]OPORXp}�=Lb%iyOuQnX[W�M�k6�LMAT®X[l3MA\JW�Z�	 �çe¿K%\ WPebl+l3MN}�_LK%\ Xr}8O�cJW�_bMC}�Z]T�TPMAi
O#�LZj\LfçX[\bh@WP_bT�MAM�KNl��JQnX[WPe¿fJMNO�_LKAqsM�WPZ4�LM�K]fbfJM�f©}�Z]_bMAT�MA\ W®Q[asG

��_ eLO�WP_�M3O®ebl Z%qsM8T��HXS\ WP_�M9M�k6�bTPM�OPOuX[Zj\HK
�£ZNqsM	½ZjT/W�_bM/X[\ WPMA\¿OuX[WYa^_LK]O�W�Z��£MmM�kbW�MA\LfJMNf
WPZ'K¶OYebl7Z%qsM8T�qjK%TYX[Z]eLO�Qycd�²K%\Lf)ZNqsMAT�KAQoQ �£M8TPlmebWtK%W®X[Zj\LO�Z�	 �LKNTPWYXr}�QSM�O»X[\^Z]T�f MAT�W�Z@K�QpOYZ¶X[\L}~Q[eLfJM
TPM�O®Z]\¿K%\L}�M�O/Z�	ãZ]W�_bMAT1�LK�X[TtO/Z�	 �LK%T�W®Xp}~Q[MNO�G`�1K%VsXS\�h)WP_ XrO�M�k�WPMA\Lf MNf)OYebl)cU�b_¿K]O®M=}�ZjTPTPM�QrKNW®X[Z]\¿O&	½Z%Q[i
Q[ZNg�XS\�h	½TPZ]l O®a l¶l3MAW�T®X[MNO`OY_bZ]eJQpf7�LM¯TPMNOa�LMN}�WPM�fdG]� 	�c�	½Z]T`X[\LOYW�K%\¿}�MscL��K%\Lf;b�K%TPM¯XpfJMA\ W®Xp}AKAQ$�LZUO®Z]\¿O�c
WP_�M9OYebl Z�	�K%l;�JQnXSW�eLfJMNO�_LK]O�W�Z4�£MCOYaJl3l¶M8WPT®Xp}AKAQ�g�X[WP_@T�MNO#�LMN}�W¯W�ZmWP_bM�XS\ WPM8T�}�_LK%\bhjM�Z�	:�LK%T�W®Xp}~Q[MNO
��K%\¿f�b�+RW�_JXpO�KNebWPZjlDKNW®Xp}AKAQoQ[a M�QnXSlmX[\LK%W�MNO�K�QnQ1Z fbf)KN\bh]e QrKNT�l3Z]l3MA\JWtK �dX[\)Z]e�T¯M�kLKNl�� QSM'-�GJ� 	1W�_bM
�L\LKAQãO®W�KNWPM9XpO�K%\^M�X[hjMA\LO®WtK%W�M¶Z
	��¹Z]T9CcdqjKNT®X[Z]eLO�WPMAT�lDO�}�Z]\ WPTYX ��ebW®X[\bh@WPZ@W�_bMmWPZjW�K�Q�K%l;�JQnXSW�eLfJM
K%T�Mm}�Zj\b\bMN}�WPMNf7� a�� QSe¿O»ZjT�l;X[\ eLO�OuX[h]\LO1+RTPM�QrKNW®X[qsM��_LK]OYM9Z�	�z¶Z]T8�Axjz���-�GL�bZ]T�WP_bM�}AK]OYM�Z�	ãO®WtK%WPM�O
g�X[WP_ R.�. �LK�X[TtO;W�_bMNO®M@M�X[hjMA\�	½eb\L}�W®X[Z]\LO3K%T�M^fJM8T®X[qsMNfHKN\Lf M�k6�JQnXp}~X[W®Q[aHQnXrOYWPMNfHX[\ WP_�M)
5�*�LMA\LfçXnk�c
OuX[\L}�M9WP_�MAa@K%T�M�TPM�Q[MAqjK%\ W�	½Z]T�WP_�M9OYMNK%Tt}~_7	½ZjT¯l¶MNOYZ]\LO¯g�X[WP_ Z��LMA\)ZjT¯_JXpfbfJMA\ O®W�T�K%\�h]MA\bM�OPO�G

�Y\C��X[hbG*�'��K�O®MATYX[MNOEZ�	6	½Z]ebT¨w�K�QnX[W C@� QSZjW�O 	½ZjT R.�.1' �L\LK�Q¿O®WtK%W�MNO�g�X[W�_mfçX M�MATPM8\JW¨}~_¿K%TPhjM¯}�Zjl¶i
�JX[\LKNW®X[Z]\LOCK%T�M9OY_bZNg¯\ K]O�M�kLKNl��JQ[MNO�GL��_bM�LZUOPOuXC�JQ[M �çe¿K%\ WPebl+\ ebl4�LMATtO»Z
		WP_bM R.�. TPM�O®Z]\¿K%\L}�M�O
K%T�M/QnXpO®W�MNf'X[\^�1K�� QSM8cbG

�EK
�JQ[Mc B$)�e¿K%\ WPebl7\ ebl4�LMAT�O	Z�	 R.�. TPMNOYZ]\LKN\L}�MNO�G
R.�. � ��OYZsO#� XS\ �	��� �EZsO�OuXC�JQ[MmTPM�O®Z]\¿K%\L}�M�O

. � .  FN� z c � � 5 5 �
. � . � � .  .  � z c � z ( ( �3b ( ( � ( � � ( � � 
 � � 

. � . � � .  . � � z ( ��� 5 �3b ( � ( ��� 
 ��)� 0 0

.�(�.-5 �4� z c � z ( ( ��� 5 5 � 0D0 � ��� ( � � ( � � 
 � � 
 � 0 0

��ebT��LTtO®W�M�kLKNl�� QSM4+u��X[hbGU���8K -�	½T�Z]l+W�_bM�TPMNKj}�W®X[Zj\

R����+ . � .  '
(

XpO�K�¿K%TPWYXp}�eJQpK%TYQSa ORXSl;�JQ[M�Z]\bMCORXS\¿}�M�Z]\JQ[a@K&	½MAg�T�MNO®Zj\LK%\¿}�MNO�Z }A}�e�TAGL�¯MAl¶M8l4�£M8T�W�_LK%W	X 	`\bZ3TPM�O®Z]i
\LKN\L}�MNO�K%W�K�QnQ	Z }A}�ebTPT�MNf@K%\Lf)W�_bM�MAqsMA\ W�O�g�M8TPM�_bZ]l3Z]hjMA\bMAZjeLOuQ[a fçXpO®WPTYXC�bebWPM�f)Z%qsM8T¯WP_bM�K�qjKAXoQpK
�JQ[M
�b_LKjO®M=O#�LKj}�MscdW�_bM=fJMA\LORXSWYa Z�	@�LZNXS\ W�O�X[\±W�_JXpO/w�K�QnX[W C7�JQ[ZjW9g�ZjeJQpf%�LM3_bZ]l3Z]hjMA\bMAZjeLO�g�X[WP_JX[\HW�_bM
VsXS\�MAlDKNW®Xp}��LZ]eb\¿fbK%TYXSM�O�G¯�¯MNO®Zj\LK%\¿}�MNODOY_bZNg e6��K]O3qsMATPWYXr}8K�Q�K%\¿f _bZ]TYXDC8Z]\ W�K�Q �LK%\Lf�O�	½Z]T . � '

(
K%\¿f .  ' ( K%\¿f�KjODK%\ W®X[iyfçXpK%h]Zj\LK�Q��LK%\¿fbO�	½Z]TDW�_bM^WP_JX[Ttf �LK�X[T@Z�	8�LKNTPW®Xp}~Q[MNO�c . � .  G���X[hbG(�'�AK

b�b



O®_�Z%g�O^M�k¿K]}�WYQ[a�Zj\bM6TPMNOYZ]\LKN\L}�M 	½Z]T^MNKj}~_ }AK]OYMB�K qsMATPWYXp}AK�Q;K%\Lf-K _bZjT®X CAZ]\ W�KAQ7�¿K%\Lf-fJebM6W�Z
R��� + . � +ux]|jz - R. ) ���%cU	½Z]TPlmX[\bh K%< . � }�TPZUOPO]=Sc1K%\Lf6KN\6K%\ W®X[iyfçXpK%h]Zj\LK%Q��LK%\Lf6fJe�MDWPZ`R��� +
� + �Az'b]z - ' ( � ���¯O®WtK%\LfbO 	½ZjT¯}�_LK%T�h]M�}�Z]\ FPebhsKNWPMscs_bMAT�M R. � +ux]|jz - . !yGb��_bM�}�Zjl4�JX[\LK%WYXSZj\ . � .  g�X[WP_� �LK%TYX[W®a\P FL� K]}�WtO;QnXSVsM K9�bQ[W�MATDZ]\`�LZUOPOuXC�JQ[M � M�X[h]MA\¿O®W�KNWPMNO�c�Q[MNKAqçX[\bhHX[\�WP_ XrO@}AKjO®M^Zj\JQ[a¹K
�����WP � 5 5 T�MNO®Zj\LK%\¿}�Msc�WP_bM �EG��jXS\¿}�MDWP_�MDg¯_bZ%Q[M7�L\LKAQ�OYW�K%W�M¶XpOmK4�	i_�LK%TYX[W®a²M�X[h]MA\LOYW�KNWPMsc`MNKj}~_
X[\LfçX[qsXrf eLK�Q1�¿K%TPWYXp}~Q[M . � � .  Z]T ' ( �LM�X[\bh6K±�	i_�LK%TYXSWYa M�X[h]MA\LOYW�KNWPMsc`W�_bMATPMDXpO3K%�b_¿K]O®M@T�M�QpK%W®X[Zj\
�LMAWYg�MAM8\±W�_bM¶WYg�Z)KNl�� QoX[W�eLfJMNO . �

�
.  K%\¿f . � . � c�g¯_bMAT�M . �

� �  
l3MNKN\LO�WP_LKNW/W�_JXpO . � fJM�}AKAabO

WPZ .  � � '
( +YOYMAMC
D�*�LMA\LfsXok -�GL��_�MATPM�XpO»\�Z¶ZNqsMATYQrK
�)Z
		WP_bM�W�_bTPMAM1�LKN\LfbO�c£M�k¿}�M���W�X[\)W�_bMC}�TPZUOPOuX[\bh

Z�	�WP_bM�qsM8TPW®Xp}AKAQ1KN\Lf©_bZjT®X CAZj\JWtK�QB�LKN\LfbO�G���_JXpO�XrO�Km}~QpK]O�OuXp}/M�kLKNl��JQ[M�Z�	�K3}~Q[MNK%\ w�KAQoX[W=C�JQ[Z]W�g�X[WP_
\bZjWP_JX[\bh7��ebW�W�_bTPM8M�TPMNOYZ]\LKN\L}�MNO�K%\¿f'QnX[WPW®Q[M�XS\ WPM8T#	½MAT�MA\L}�MsG

1.8

1.6

1.4

1.2

0.8

0.6

0.4
0.5 1

Sm2 (K0π0)   [GeV2]

L
m

2  (
K

0 π0 ) 
  [

G
eV

2 ]

1.5

1

a) 1.8

1.6

1.4

1.2

0.8

0.6

0.4

0.5 1 2

Lm2 (K π0)   [GeV2]

1.5

1

b)
2



1.4

.6

.6 1.

c)

1.4

.1m
2  (

K
 ± π 

 )  ±
 



Lm2 (K π    )   [GeV2]

± 


1.0

1.5

.5

.5 1.

d)

m2 (K+π0)   [GeV2]

m
2  (

K
– π0 ) 

  [
G

eV
2 ]

1.5

��X[h]e�TPM;��� BLw�K�QnX[W C8�JQ[Z]W�O�	½Z]T�	½ZjebT�fçX M�MATPM8\JW R.�.1' �L\¿K�Q¨O®WtK%W�MNO��bTPZ f eL}�MNf¶X[\`R� � K%\b\JX[_JXnQpK%WYXrZj\HKNW
TPM�O®W�BU+YKA-4R����+ . � .  '

( > + �$-4R����+ . � . � '
( >U+Y}�-8R����+ . � . � '�� >U+YfL-4R� � + .�( .-5�' ( G�
»QnQ¨fbKNW�K

K%T�M&	½T�Z]l+W�_bMm�	TPa�O®W�KAQ:�¯K%T�TPM�Q�M�k*�LMATYX[l¶MA\ WAG

b��



��_bM�\bM�k�W¯M�k¿K%l;�JQ[MscbWP_�M9w�K�QnX[W C� QSZjW�Z
	���X[hbGB���]��	½ZjT¯WP_bM�TPM�K]}�WYXSZj\

R����+ . � . � '
(

O®WYXnQoQ»O®_bZNg�O�WP_bM . � +ux]|]zA-�KjOÎW�_bM=fJZ]lmX[\LK%\ W�\bMAebW�T�K�Q .1' TPM�O®Z]\¿K%\L}�MUc ��ebWCfçX MdM8TPMA\ W R.�. TPM�O®Z]i
\LKN\L}�MNO1K%T�M�\�Z%gK�bQ[WPM8TPMNf�Z]ebW BAWP_bZUO®M	g�X[WP_4�LZsORXSWYX[qsM����LK%TYXSWYasc�XyG MsG � ( = O�K%\Lf � ( =IO�G8!�MAT�MEX[\JW�MAT#	½MAT�MA\L}�M
�JQpKAabO�K/lmeL}�_3O®W�TPZj\bh]MAT�TPZNQSMUGJ��_�TPZ]e�h]_DX[\JW�MAT#	½MAT�MA\L}�M¯g�X[W�_DWP_bM�fçXpK%hjZ]\LKAQ R.�. �LKN\LfbO�cJWP_�M�e*�6�£M8T
�LKNTPW�O¯Z�	�WP_bM . � }�TPZUOPO�K%TPMCKAQSl3ZsOYW�g�XC�LMNf)ZjebWAG

��ZNg�c%Q[MAW	eLO	O®M8M(+Y��X[hbGL�'�A}�-1g¯_LKNW�_LK
�*�LMA\LO�X[\3WP_bM��¿\LK�Q�O®WtK%W�M�g�X[WP_'K/}�_LKNTPh]M�f�LK�X[T�Z
	 . O�c
g¯_bMAT�M � =IO�K%\Lf � ( =IO�}8K%\b\bZjW@�LM&��TPZ fJeL}�MNf�+YO®M8M��EK
�JQ[McG-�Gb��_ XrO�w�KAQoX[W=C�JQ[Z]W¯XpO�XpfJMNK�QnQ[a O®eJX[W�MNf©W�Z
M�k�WPTtK]}�W	WP_�M�O®W�TPMA\bhjWP_DZ
	 � ( KN\Lf�� 
 �bT�Z fJeL}�WYXSZj\�cbg�X[WP_bZjebW¯WP_�MD�bT�Z��JQ[MAl Z�	1ZNqsMATYQpK��Dg�X[WP_=\bMNK%T��Ja
� ( K%\Lf � 
 Gb�sZ]l3M¯XS\¿fçXp}AK%WYXSZj\LO¯Z�	¨fçXpK%hjZ]\LKAQ¨K]}�WYX[qçX[WYa¶g¯_ Xr}�_¶X[\ WPMATa	½MATPMNO1g�XSW�_@WP_bM�#���}�TPZsO�O�}AKN\7�LM
O®M8MA\�G

��_bM�QpK]OYW�w�K�QnX[W C8�JQ[Z]W1+Y��X[hbGU�'�Af -�OY_bZNg�O�K&	yKjOP}~X[\LKNW®X[\bh@KAQ[WPMAT�\LK%WYXSqsM�X[\ WPMATa	½MATPMA\¿}�MD�¿K%WPW�MATP\�c
K�Q[W�_bZ]ebhj_)W�_bM(�JQ[Z]W�XpO¯K�QoX[W�W®Q[MC}�TPeLf MsGs�®\ WPM8T#	½MAT�MA\L}�M@�LMAWYg�M8MA\¶W�_bM #���}�TPZsO�O¯K%\Lf3WP_bM�fsXrKNh]Zj\LK�Q�K�= O
K%\¿f�	�=IOEXpO�}�Zj\LO®W�TPeL}�WYX[qsM�XS\=WP_bM�e*�*�LMAT	T®X[hj_JW�K%\¿f;Q[Z%g�MAT`Q[M"	½W �çeLKNTPW�MAT�K%\Lf3fJMNOYWPTPe¿}�W®X[qsM�M�QpO®MAg¯_bM8TPMsG
�YW�}~_¿K%\bhjMNO�ORX[h]\)Zj\)W�_bM�l;XpfbfçQ[M�QoX[\bM�O�Z�	¨WP_bMC}�T�ZsO�O�cLMsG h�GJWP_�M/Q[M"	½W�OuXpfJMCZ�		W�_bM�qsMATPWYXp}AK�Q . (

 �¿K%\Lf
XpO»M�K%WPM8\©e6�©X[\)W�_bM�e*�*�LMAT@�LKNTPW�K%\Lf@WP_bM�T®X[hj_JW�OuXpfJM�XS\@W�_bM�QSZNg�MATD�¿K%TPW8G

��_bMNOYMDw�K�QnX[W C7�JQ[ZjW�O�c�\bZjWC}�Z]l;�JQ[MAWPM�QSa KN\LK�Q[a�O®MNf²K]O�asMAWAc�O®_�Z%g X[\²K��çeLKAQnXSWtK%WYXSqsM=g¯KAa)W�_bM
�LZNg�MATCZ�	¯X[\JW�MAT#	½M8TPMA\L}�MsGd�YW�g¯K]OCO®WtK%WPM�f K
�LZ%qsM3WP_¿K%W/X[\ WPMATa	½MATPM8\L}�M=K]fbfbOCK%\bZjWP_bM8T3}�Z]l;�JQnXp}AK%WYXSZj\�G
��_JXnQpO®W¯W�TPebMscsW�_JXpO�O®Zjeb\LfbO�W�ZsZm\bMAhUK%W®X[qsM�K9OYW�K%W�MAl3MA\JW8GJ��\L}�M¯X[\JW�MAT#	½MAT�MA\L}�M�O�KNTPM�eb\LfJM8T�O®W�ZsZ f@K%\Lf
WP_�MDT®X[h]_ W&	½ZjTPl=K�QnXpO®l XpO&	½Zjeb\Lf±W�Z^fJMNO�}�T®XC�LMDW�_bMAl c�W�_bMAa KNTPM@K��£ZNg�MAT#	½eJQãWPZsZNQ�X[\6fJMAW�MATPlmX[\JX[\bh
K%l;�JQnX[WPeLf MNO�G1�®\ WPM8T#	½MAT�Z]l3MAWPT�a'XpO�XS\²h]MA\bM8T�K�Q�Zj\bM¶Z
	¯W�_bM��¿\bMNO®WCKN\Lf±l3ZsO®W1�LZNg�MATa	½eJQ�WPMN}�_b\JX[�sebMNO
X[\W��_Ja�OuXp}AODKN\Lf M�QpO®M8g¯_bMATPMUG��YW¶gãK]O7�Ja6l3MNK]OYebT®X[\bhHX[\ WPMATa	½MATPMA\¿}�M@Z�	 	�i½T�KAabO3WP_LKNW©W�_bM^f Z]e*�JQ[M
_bM�QnXp}AKAQ�OYWPTPe¿}�WPebT�M@Z�	�W�_bM w���
+g¯KjOmfçXpOP}�ZNqsMAT�MNf$>�� aH}�Zjl��¿K%T®X[\bh²WP_bM 	�i½T�KAa �JXp}�W�ebTPM KN\Lf W�_bM
}�ZjTPTPM�O#�LZ]\LfsXS\�h)OYWPT�eL}�WPe�TPM9Z
	�w���
 +Y��X[h�G ��b -�X[W�}AK%\��£M3OYMAMA\@WP_¿K%W�OYZ]l3M9M�k6�LMAT®X[MA\L}�MÎXpO�\�MAMNfJMNf
WPZmX[\JW�MAT,��TPMAW¯W�_bMNO®M1�LKNWPW�MATP\LO�G

a)

C C

C

A

A

A

A

G T T

T



34 A

20
 A

S

S

S

S

S

S
S

S

S
S

SS

S

S

5'

5'

3'

3'

G

G

Nitrogen
bases

b)

��X[h]e�TPM;��b�B$+YK - 	�i½T�KAaDfsX.M�TtK]}�WYXSZj\K�b_bZjWPZ]hjT�K
�b_)Z
	¨}�TPa�O®WtK�QnQnXS\�Mmw���
 �Ja=�»ZUOPKAQoX[\Lf �bT�K%\�VçQnX[\ K%\Lf
+ � -�W�_bMCO®WPT�eL}�W�ebTPM�Z
	�w���
CG

� 	9#N0D$@BD<=:/&@#A,�. 0@� .�(CBD<D24$', �C& <DBD<��C(C,�B©.
��_bM�O®M�}�WPZjTEZ
	�O®W�T�K%\�h]M�l3MNOYZ]\LOdXpO �LKNTPWYXr}�eJQpK%T®Q[amTYXr}�_�X[\9M�k6�LMAT®X[l3MA\JWtK�QsX[\�	½ZjTPl=K%W®X[Zj\�c]l=K�X[\JQ[a

WP_¿K%\bV�O/W�Z)l=K%\ aK�bTPZ fJe¿}�W®X[qsM3asMNK%TtOÎZ
	�WP_bM=��
/�b� M�k6�LMAT®X[l3MA\JWCKNW;�ç��
Î��G1
�l3Z]\bh WP_bMmQ[ZNg�MNOYW
Q[açX[\bh VjK%Z]\¿O�c¯Z]\JQ[a WP_bM��LTtO®W@T�KjfçXpK�QnQ[aJi½M�k¿}~X[WPMNf �LO®MAe¿fJZsO�}AK�QpK%T8c . +3�"cZ�]zA-�c¯\bMAMNf�OD}�Z]\G�LTPl=K%WYXSZj\�G

�\HM�kbW�T�K%ZjT�fçX[\LKNT®XnQ[a QpK%T�h]M@\ ebl4�LMAT9Z
	�_JX[hj_bMATmVjK%Zj\ M�kL}~X[WtK%W®X[Zj\LO;_¿K]OmK�QpOYZ9�LMAMA\ 	½Zjeb\LfdG1�/g�XnQnQ
fçXpOP}�eLOPO»X[\ WP_bM(	½Z%QnQ[ZNg�X[\bh^OYMN}�W®X[Zj\LO»Zj\JQ[a O®Z]l3M9Z
		WP_�M/Z'�LMA\��bT�Z��JQ[MAl=O�	½Z]T�l¶MNOYZ]\LO¯g�X[WP_ _JXpfbfJMA\
O®W�T�KN\bh]MA\�MNOPO�G��dM8WDeLO��LTtO®W fçXpOP}8K%T�f�WP_�ZsO®M^l3MNOYZ]\LO¶X[\�WP_JXpO@O®M�}�WPZjTDg¯_JXp}~_¹K
�*�LKNTPMA\ W®Q[a¹fJZ6\bZjW
�LZsOYM^K%\ a2�bTPZ'�JQ[MAl G	��_bMNO®M KNTPM@WP_bM ��l¶M�O®Z]\¿O&0 h]TPZjeb\Lf�OYW�K%W�M K%\Lf �LT�OYW¶TtK]fçXpK�Q�M�k¿}~X[W�KNW®X[Z]\

b�c



K%T�MD}�Z]\��LT�l¶M�fH0 K%\¿f±WP_bMmW�MA\LOYZ]T9l3MNOYZ]\ ���
 +3����b'� -�G¨�bZ]T�WP_bM3qsMN}�W�Z]T�hjTPZjeb\LfHOYW�K%W�Msc1K%\LfK�LT�OYW
M�k¿}~X[WPMNf^OYW�KNWPMsc�KN\Lf�	½Z]T�W�_bM9Q[Z%g�MNO®W�WPMA\LOYZ]TCO®WtK%W�Msc£W�_bMmg¯_bZNQSM3\bZj\bMAW�O�KNTPM9X[\4XpfJM�K�Q�OY_LK��LMA>dXpfJMNKAQ
X[\6K©hjMA\bMATtK�QãK%\¿f±K O#�LMN}~X ��}3O®MA\¿O®MscdX[\HWP_¿K%WC}�Z]l;�JQ[MAW�M;X[\�	½ZjTPl=K%W®X[Zj\ XpOCK�qjKAXoQpK
�JQ[M^K%\¿f4W�_bM¶WYg�Z
XpO®ZUOP}AKAQrKNT�OCK%TPM�XpfJMNK�QnQ[a^lmXok�MNfdcbXyG MsGLKAQ[l¶ZUO®W1�bebT�M�RX
XmK%\Lf9+�R��� ) R
 
�-�G���_bMC\bZ]\bM8W�l;Xnk X[\bh@K%\�h%Q[MNO
}AKN\9�LM	½Z]e�\Lf)Z]\ ��G�����b]zDZ
	¯WP_�Mm�¯MAqçX[MAg-Z
	��`KNTPW®Xp}~Q[M3�`TPZ'�LMATPWYXSM�O7� ��!ycd_bMAT�M�X[\LK 	½W�MAT�TPM]	½MATPT�MNf©W�Z
K]O¯WP_�M�< �JXC�JQ[MA=SG

��� � 5 ���3�£���@�	�J���1
½� � �(��
��_bM3O�}AK�QpK%T�\bZj\bMAW�XpO�K¶lma�O®W�MATPa@KN\Lfdc£X[\ �LK%T�W®Xp}�eJQpKNTAc�WP_bM�QpK]}�V)Z�	ãKD}�Z]\��LT�l¶M�f�� �( O®MAM8lDO

OP}8K%\LfbKAQ[Z]eLO�GE�]X[\L}�M�WP_ XrO¯\bZj\bMAW�XpO�WP_bMCOYe*�GFPMN}�W�Z�	`Q[MN}�W�ebTPM�O � a@��G*��ebT�\bMAW�W(+Yz ( KN\Lf�b ( l3MNOYZ]\LO3-
K%\¿f©KAQpO®Z4� aDFHGG��Z]e�WPMAl3MAebT@+P¯Q[ebM��¿K�QnQpO�KN\Lf@!�a���T®XpfbO -tcJ�`g�XnQnQ1TPM�O®WPTYXp}�W¯fçXpO�}�eLOPORX[Z]\)W�Z9W�_bM1�sebMNO®i
W®X[Zj\Dg¯_bMAT�M�Z]T	g¯_LKNW`XrO`W�_bM�XpO®ZsO�}AK�QpKNT�OP}AKAQrKNT	l¶MNOYZ]\=}�Z]\¿OuXpO®WYXS\�hmfJZjl;X[\LKN\JWYQSa3Z�	?RX
Xsc]g¯_JXp}�_DOY_bZ]eJQpf
�LMmfJM8WPMN}�W�MNf¶qsXpK;W�_bM1�bTPM"	½M8TPTPM�fDfJMN}AKAa3l¶Z f M/X[\JW�Z R.�. + 	½ZjT»X[\LOYW�KN\L}�M .  .  � . � . � -tG


�}A}�Z]T�fsXS\�hHWPZHW�_bM9< �JXC�JQ[MA=�W�_bMATPM g�MAT�M@WP_bT�MAM^}�Zj\��LT�l¶MNf � ( l3MNO®Zj\LO;X[\^�A|j|�c B � ( +Y|jx]zA-��
� ( + ���jz]z -ÎK%\Lf � ( +3���]|]zA-�G¨��_bM � ( + ���]zjz -��.����!RcL\bZ]W�X[\^WP_�M��A|]|
c©QnXpO®WCZ�	ã}�Z]\G�LTPl3MNf)l3MNO®Zj\LO�cdg�XnQnQ
}�MAT�W�KAXS\ QSa l=K%VsM9X[W/X[\ WPZ@WP_bM3\bM�k�W�MNfsXSWYX[Z]\6Z�	ãWP_bM�< �JXC�JQ[MA=1KN\Lf � ( +3���ç{NzA- �.�8x�!	g�XnQoQ �bTPZ'�LK�� QSa �LM
l3MATPhjMNf�g�XSW�_9W�_bM � ( + ���jz]z -tG]�¯MNKjfçX[\bh�W�_bM@<n��ZjWPM`Zj\m�sigãKAqsM '�' � R.1. K%\Lf 
 
�X[\JW�MAT�Kj}�W®X[Z]\¿O"=AXS\�W�_bM
< � X � QSMZ=B� ��!ycA��G$�]cJ{Nx c£Zj\bM�h]MAWtO�KN\'XpfJM�K9Z�	¨_bZNg�}�Zjl�� QoXp}AKNWPMNf@KN\Lf¶XS\ WPM8TPMNOYW®X[\bh3WP_bM�T�MNK�Q�OuX[WPe¿K%W®X[Zj\
XpOmK%\Lf _bZNg fçX MdM8TPMA\ W�XSWtO/X[\JW�MAT,�bT�MAW�KNW®X[Z]\²lDKAaK�LM�	½TPZjl g¯_¿K%W9g�M¶W�_JX[\bV \bZNg�G`��_bM=fJZ]lmX[\LK%\ W
�bT�MaFPeLfçXp}�MNO�K%T�M�WP_LKNW � ( +Y|]xjz -	XpO�K R.�. l3Z%Q[MN}�eJQ[MA>�� ( + ���]zjz -�XpO�K;hjZsZ fdcd\bZjTPl=K�Q1l3MNO®Zj\�cbl=K�X[\JQ[a
R�)� ) R
�
L> � ( +3���]zjz -	XrO�l=K%T�VsMAWPM�f¶KjO¯K9h%Q[ebM��LKAQnQ	KN\Lf � ( + ���j|]z -tc£g¯_ Xr}�_D_LKjf7�£M8MA\@Z]\bM�Z
	`W�_bM(�LMNOYW
h%Q[ebM��LK�QnQÎ}AK%\LfsXrf�K%WPM�O��LM"	½ZjTPM@WP_bM KNTPT®X[qjK�Q�Z
	 � ( +3���]z]zA-�c	_LK]O4�LMAMA\ ��eLO®_bM�f²X[\ WPZ²K^}�Z]T�\bMAT8GE�Y\ K
TPM�}�MA\ W�Q[MAWPW�MAT@� a@
�l=OuQ[MAT�K%\¿f4�`Q[ZsOYM��.�8|�!ycbWP_bM�� ( + ���j|]z -	XpO»\�Z]W�MAqsMA\Dl3MA\ W®X[Z]\bM�f'Zj\L}�MsG


�}A}�Z]T�fsXS\�h/W�Z1�bTPMaFPe¿fçXp}�MscsWP_bM ���( OY_bZ]eJQpf��LM�K��LZ]e�W@b]zjz F �]z]z3F)M��\+yW®g�Xp}�M¯W�_bM��çeLKNTPVml=K]O�O
fçX M�MATPM8\L}�M � � � � � -�_bMNKAqsX[MAT�WP_LKN\±W�_bM � ( +3���]z]zA-�KN\Lf±WP_ eLO(�LMDORX[WPeLKNWPMNfHKNTPZjeb\Lf ���]z]z^F)M �mG
��_bMAT�M�XrO�Km}AK%\LfsXrf�K%WPM	½ZjT�K ���( g¯_ Xr}�_)_¿K]O@�£M8MA\ O®MAMA\DX[\^Z]\ QSa@WYg�ZmM�k*�LMATYXSl3MA\ W�O¯KN\Lf©W�_bMATPM]	½Z]TPM
Z]lmX[WPW�MNf 	½TPZjl W�_bM O®e�l¶l=K%T�a WtK��JQ[M)X[\�WP_�M9< � X � QSMZ=SG���X[h]ebT�M2���6O®_bZNg�O¶W�_bM)l3Z fJMNOYWDMAqsXpfJMA\L}�M
�bT�MNO®MA\ WPM�f��Ja@WP_�M3��
/�b� }�Z%QnQpK��LZ]TtK%WYXSZj\^� b]z�!B	½Z]T�K .  .  �si½g¯KAqsMmT�MNO®Zj\LK%\L}�M ���( G���_bM��LMATa	½MN}�W
fJMAhjMA\bMATtK]}�aCg�X[WP_3WP_bM�O®W�TPZ]\�h&�LMNKNV ���
 +3���'b��A-	O®M8MA\;X[\3WP_bM�w gãKAqsM�XrO	OYeLO#�JXp}~X[ZjeLO�c�K�Q[WP_bZjebh]_@W�_bMATPM
XpO/\bZ O®W�TPZ]\�h)TPM�K]O®Zj\HWPZ M�k¿}~Q[eLfJM3WP_bM;�LZsOPORXC�JXnQoX[WYa6WP_LKNW�� �( K%\¿f � �
 K%T�M¶X[\LfJMAM�f±fJM8h]MA\bM8T�K%W�Msc�OYMAM
��X[hbG �JG���_bM��LZsO�OuXC�JXnQnX[W®a¹WP_¿K%W3WP_JXpO¶T�MNO®Zj\LK%\L}�M)_LKjO¶WP_bM O�K%l3M)Z]TYX[h%X[\�KjO¶WP_�M�� ( + ���jz]z -�Z�	�W�_bM
�	TPa�O®WtK�Q �¯K%T�TPM�Q�XrO¯\bZjW�M�k¿}~Q[eLfJM�f'M�XSW�_bMAT8G

3

3

3
3 3

E
ve

nt
s 

/ 0
.0

5 
G

eV
/c

2

(GeV/c2)

|S0|2

0

50

100

150

200

250

1.2 1.4 1.6 1.8
MK0K0

s s

��X[h]e�TPM ���"B`�Y\ q]KNT®XpK%\ W3lDKjOPOmfçXpO®W�T®XC�bebWYX[Z]\`	½Z]TD�si½g¯KAqsM .  .  �bT�Z fJeL}�M�f X[\ .-5 � + .  .  ,+Y��
��b�DM�k6�LMAT®X[l3MA\ W"-�G

b��



�bTPZjl K%��e*�*�JQ[M }�_LK%l4�LMATmM�k6�LMAT®X[l3MA\ W�+
R� 
�-tc	K%\�e*�6�£M8T;QnX[l;X[WD_¿K]O4�£M8MA\ �be6�JQnXrOY_bMNf 	½ZjT
WP_�M7�bTPZ f eL}�W®X[Zj\ Z�	�K�� ( +3���]z]zA-CfJMN}AKAasX[\bh^WPZ .  .  � bG��!RG1��_JXpO9M�k6�LMAT®X[l3MA\JW�_LKjO�Ja WP_�MDg¯KAasc
Z��¿O®MAT�qsMNf)WP_bM1�LT�OYW�X[\LfçXp}AKNW®X[Z]\6Z�	�W�_JXpO�TPMNOYZ]\LKN\L}�Msc�g¯_JXp}~_^W�_bMAa }AK�QnQ[MNf ���
 cbX[\ '	(�' 5 K%\Lf©X[W�_¿K]O
�LMAMA\ h%X[qsMA\ KmWPMA\ W�KNW®X[qsMmKjOPOuX[hj\bl¶M8\JW ��PÀzJcLg¯_JXp}~_^W�ebTP\bM�f©Z]e�W�WPZ;�LMm}�ZjTPTPM�}�W �L��_bM�XST�QoX[lmX[W/Zj\
WP_�M .  .  fJMN}AKAa }AK%\��LM9WPTtK%\LORQpK%WPM�f X[\ WPZ=KD}�Z]\¿O®MAT�q]KNW®X[qsM9e6�*�LMAT�QnX[l;X[W�Z
	¯z G �(	½Z]T�WP_bMCT�KNW®X[Z@Z�	
�b_LKjO®MAiyO#�¿K]}�M@}�Z]TPT�MN}�W�MNf��bT�KN\L}�_JX[\bh)TtK%W®X[ZUO � ( + ���jz]z - + R.�. WPZ � ( + ���jz]z - +G'�' G���_JXpO/qjKAQSe�MDg¯KjO
eLOYMNf�X[\DW�_bM¯QSM8WPWPM8T(� �A|
!dKjO`WP_bM�VsMAa9T�MNO®e QSW�WPZ1�bT�Z%qsM¯W�_LK%W�WP_bM � ( +3���]z]zA-�	½Z]eb\¿f�� aD�	TPa�O®WtK�Q �¯K%T�TPM�Q
XpO�Kmh%Q[ebM��LK�QnQyG�� M9fsXrO�}�eLO�O»W�_bM�X[T�KNTPhjebl¶M8\JW@�LM�Q[ZNgW	½Z]T�WP_�M9O�K%VsM�Z�	1X[W�O�fçXpfbK]}�W®Xp}9qjK�Q[ebMsG

��_bMDM8qçXpfJMA\¿}�M�	½Z]T � ( +3���]z]zA-�LM�X[\bh K^O�}AK�QpKNT¶hNQSe�M��LK�QnQ�XpO�LK]OYMNfHZ]\6WP_bM=T�K%WYX[ZsOmZ�	ÎfJMN}AKAa
�bTtK%\L}�_JX[\bhDTtK%W®X[ZUO 	½ZjT � ( +3���jz]zA-�c

'�' B 
 
 B 
 
 � B R.�.
� 0 z]z B-z 0 bs{�� z 0 �'� B-z 0 �A|� z 0 z]x B �z 0 �
+Y|��% � # - �

}�ZjTPTPM�}�WPMNf�	½ZjT@�b_LK]OYMmOa�LK]}�MUGL��_bM(�LT�OYW¯WP_bT�MAM1�bT�KN\L}~_ XS\�h¶TtK%W®X[ZUO�g�MAT�M�l3MNK]OYebTPMNf7� aDWP_�M;�	T�abOYW�KAQ
�¯K%T�TPM�Q1M�k*�LMATYXSl3MA\ WAc WP_bM�QpK]OYW�Zj\bM�XrO¯WP_�MÎQnX[lmXSW5	½TPZ]l WP_bM1�be*�6�JQ[Mm}�_LK%l4�LMAT�M�k*�LMATYX[l¶MA\ W8� bG�"!yG

��_bMmVsMAa��LZ%X[\ W/XpO�WP_LKNW�WP_bM4�bTtK%\L}�_JX[\bh@T�KNW®X[ZDX[\JW�Z R. . XpOÎW�ZsZDQSZNg X[\ }�Zjl��LKNT®XpO®Zj\Hg�X[WP_
WP_�M^Z]WP_�MAT@\Jebl4�LMATtO;W�Z2�£M²K]}8}�Z]l3l¶Z f�K%WPM�f �Ja K%\ a`�seLK%T�V�}�Zjl��LZsORX[W®X[Z]\ +RlmXnkJX[\bh KN\bh%Q[M�-=Z�	
\bZjTPl=K�Q1l3MNO®Zj\LO�GL��_JXpO�}AK%\��LMCO®MAM8\¶X[\^��X[hbGU�]cbcbg¯_JXp}�_ O®_bZNg�O¯WP_bM�TPM�QrKNW®X[qsM�X[\JqjK%TYXpK%\ W�}�Zje*�JQnX[\bhsO
+ ��_LK]OYMAiROa�LK]}�M)}�Z]TPT�MN}�W�MNfHfJMN}8K�aK��T�K%\¿}~_JX[\bh T�KNW®X[ZsO4�bT�MNfçXp}�WPM�f%	½TPZjl ��KAqsZjebTPiY� �&+Y� -�OYaJl3l3MAWPT�a -
K]O�K&	½eb\L}�W®X[Z]\@Z�	¨WP_�M�Z }�WPM8W F ORX[\bh%Q[MAW�lmXnkJX[\bh=K%\�h%Q[M(	½Z]T¯WP_�M9f MN}AKAabO	Z�	�K�� ( X[\ WPZ3q]KNT®X[Z]e¿O/�LKAX[T�O¯Z�	
�LOYMAeLfJZUOP}AKAQrKNT�O�GL��_bM 
 
 T '�' TtK%W®X[Z4�be�W�O`eLOEX[\DWP_bM¯TtK%\bhjM�|]z � 	 � 	 �"cUz � +yWP_bM�OYlDKAQoQ�T�KN\bh]M�\bMNKNT
�P¹z�KAQoQ[ZNg�M�f�� a9W�_JXpO�TtK%WYXSZ�XpO`M�k¿}~Q[eLfJMNfCOuX[\L}�M�X[W�fJMAl=K%\Lf�O`K�fJZjl;X[\LKN\JW R.�. fJMN}AKAaL-�Gj��_bM¯T�KNW®X[Z

 
 T 
 
 � csg¯_JXp}~_=}AKN\7�LM�KN\Ja WP_JX[\bh8�LMAWYg�MAMA\=zJG ��K%\Lf7� c�	yK�qsZjebT�O	WP_bM�TPM8h%X[Z]\K�'�Az � 	 � 	 ����� � GG��a
TPZjebh]_ MNOYW®X[lDKNW®X[Z]\�c�W�_bMmlmXok X[\bh K%\bhNQ[MDOY_bZ]eJQpf^WP_bM8TPM"	½ZjTPM�LM3KNTPZ]e�\Lf ��b]z � FN���]z �]G ��ebW�WP_�MA\)W�_bM
R.�. T '�' T�K%WYX[ZDZ]ebhj_JW�WPZ7�LM�LMAWYg�MAMA\^z G b3K%\Lf^z G � cd}~Q[MNKNT®Q[a©QpKNTPh]M8T�WP_LKN\^WP_bM�QnXSlmX[W�Z�	�T�M"	½MATPM8\L}�M
� bG��!RG

2.00

1.50

1.00

0.50

0.00
0 30 60 90 120 150 180

Θ [°]

γ 2

ππ 

ηη′

ηη


KK

��X[h]e�TPM��"c B��¯M�QpK%W®X[qsM�}�Z]e*� QoX[\bhUO�+uK%T,� XSW�T�KNTPa)e�\JX[W�O -ãWPZ '�' � 
 
���
 
 ��� R.�. K]O�K�	½e�\L}�W®X[Zj\^Z�		W�_bM
\bZj\bMAW�l;Xnk XS\�hDKN\bh%Q[M&	½T�Z]l7TPM]	½MATPMA\¿}�M�
�lDORQSM8T�K%\Lf^�`QSZUO®MsG

�YW�T�MAlDKAX[\LO»W�Z4�LM�O®MAM8\©g¯_¿K%W¯WP_�M9KN\LK�Q[a�O®MNO¯Z�	¨WP_�M�w�K�QnX[W C8�JQ[Z]WtOãX[\^��XSh�GU���]�"F f@g�XoQnQ¨WPMNKj}~_
eLO3K��LZ]e�W@}�Z]\ WPTYXC�bebW®X[Zj\LO¶Z�	 � ( + ���( -�G	
E�bT�M�QnXSlmX[\LK%T�a�KN\LK�Q[a�OuXpODZ�	�W�_bM . � . � '

( KN\Lf .  .  ' (

b��



w�KAQoX[W=C&� QSZjW�O�_LKjO 	½Z]eb\¿fDK � ( TPMNOYZ]\LKN\L}�M�KNW(���jz]zmF)M��¹g�X[WP_Dl=K]O�O�KN\LfDg�Xrf WP_@}�Zjl��¿K%W®XC�JQ[M�g�X[WP_
WP_�M��
�F±� � ( + ���j|]z - � b�b�!yG%�YWtOE}�Zj\JW�T®XC�bebWYX[Z]\3WPZ�W�_bM�X[\ WPMA\LORX[W®aCZ�	�WP_�M��L\LK�Q¿O®WtK%W�M¯g¯K]O:�]z&%=c]g¯_JXp}�_
}�Zjl4�JX[\bMNfDg�X[WP_^WP_�M&��T�K%\¿}~_JX[\bh3T�KNW®X[Z

	��&+
R���1+ .  .  '
( -?P\+P{ 0 x�� z 0 � - �Az 5 � �

asXSM�Qrf�O�K4�bT�KN\L}�_JX[\bh¶TtK%WYXSZ

	��&+
R� � + � ( + ���jz]z - ' ( + .  .  '
( -?P +ab 0 �� z 0 �A-3�8z 5 � 0

��ZNg Q[MAW�e¿O�K]O�O®ebl3M�W�_LK%W � ( +3���jz]zA-�K%\Lf � ( +3���]z]zA-�K%T�M�WP_bMÎOPK%l3M(�LKNTPWYXr}�QSM�O�cbORX[\L}�M�TPebl3Z]e�T�O�_¿K�qsM
O#��TPMNKjf¶WP_LKNW¯TPM���TPMNOYMA\JWtK%WYXSqsM�O�Z
		�
�F±�mKN\Lf©�	T�abOYW�K�Q �¯K%T�TPM�Q�K%WãK/T�MN}�MA\ W	l¶MAM8W®X[\bh�Z]\ K/T�MAl3Z]WPM
XpOuQpK%\¿f^K%h]T�MAMNfDWP_¿K%W¯WP_�M9�
�F±� � ( + ���j|]z -ãK%\¿f'W�_bM9�	T�abOYW�K�Q � ( +3���]z]zA-¯}8K%\��LM�XpfJMA\ W®Xp}AK�QyG)��_JXnQpO®W
WP_ XrOCK]O�O®ebl;�bW®X[Zj\ l=KAa^\bZ]W8�LMD}�Zjl�� QSM8WPM�Q[a K��¿O®ebTtfdc�X[WCO®_bZjeJQpfH\bZ]W8�£M3W�KNVsMA\ WPZsZ^OYMAT®X[ZjeLOuQ[a6KNW
�bT�MNO®MA\ WAGL�	Z]l;�LK%TYX[\bhDWP_�MÎQpKjO®W(�bTtK%\L}�_JX[\bh3T�KNW®X[ZDg�X[WP_

	��&+
R��� + � ( +3���]z]zA- ' ( + � ' ( -?P +Yx� � - �Az 5 * �

g�M�Z'�bW�KAXS\ K9TtK%WYXSZ=Z�	?�bTtK%\L}�_JX[\bh3T�KNW®X[ZsO

	��1+ � ( + ���jz]z - + .  .  - T 	��&+ � ( +3���jz]zA- + '�' - � z 0 � 0


/	½W�MAT�}�Z]T�TPMN}�WYX[\bh&	½ZjT��b_LKjO®MCO#�¿K]}�M1+ ��� T ��� P �jx]z T {
�jz -�KN\LfDK
�*�JQ[açX[\bh=K/g�M�X[h]_ W�Z
	Bc9WPZCWP_bM . O
K%\¿f©Z�	 �9WPZ3WP_bM ' =IO	g�M�h]M8W

	��&+ � ( + ���]zjz T ���]zjz�- + R.�. - T 	��&+ � ( +3���]zjz T ���]zjz�- + '�' - �¹z 0 � 0

��_ eLO�c`W�_JXpO¶Z��GFPMN}�W�� ( + ���jz]z - T + ���]zjz�-=}�Z]eJQpfHXS\¿fJMAMNf �LM^K`R� �)l¶MNOYZ]\6g�X[WP_ K4lmXnkJX[\bh²K%\bhNQ[M^Z�	
��bjz��NG

!�ZNg�M8qsMATAc`g�M±l=KAa _LKAqsMK�LMAMA\`�bT�MNO®e�l��bW�ebZ]e¿O)OuX[\L}�MHKN\LK�Q[a�OuXpO)Z�	;K�QnQ�fbK%WtK²XpO@\bZ]W@asMAW
}�Zjl��JQ[MAW�MsG�w�MAWPM8TPlmXS\ XS\�hDWP_bMC\LK%W�ebTPMCZ�	�WP_�M�� ( + ���jz]z -�KN\Lf)OYMNK%Tt}~_JX[\bh;	½Z]T�W�_bM�RX
X�LKNTPWP\�MAT ���( Z�	
� ( + ���jz]z -ãTPMAl=K�X[\LO�K9h]T�MNK%W�}~_¿K�QnQ[MA\bh]MUG

��_bMDl=K�X[\6}�Z]\ WPMA\ W�Z�	�WP_JXpO9OYMN}�WYXSZj\6g¯K]O1�LK]OYMNfHZ]\6K }�Z]l3l3Z]\ �bT�MaFPeLfçXp}�M B�W�_bM � ( +Y|jx]zA-�c
K�Q[W�_bZ]ebhj_)X[WD�bT�M"	½MATtO�WPZ3fJMN}8K�amX[\JW�Z R.�. cL}8K%\b\bZjW@�LM9WP_�M�RX
X/l3MNO®Zj\����( �LMN}8K%eLOYM/X[W�O¯lDKjOPO�XpO¯WPZsZ
Q[ZNg TPM�QrKNW®X[qsMmWPZ@W�_LK%W�Z
	¯W�_bMKR��� ) R
�
©TPM�O®Z]\¿K%\L}�M � ( +3���]z]zA-�G��Y\ K¶TPM�}�MA\ WAcb_JX[h]_ QSa iyO®Z���_JXpOPW®Xp}AK%W�MNf
�LK
�£M8T�+ufçXpOP}�e¿OPO®M�f©XS\²fJMAWtK�XnQ?� a���ebTP\bM8WPW¯XS\ _JXpO»Q[MN}�W�ebTPM�O -���vZjTP\L�sqçXpOYW7� b��
! �bT�MNO®M8\JWtO�KD}�Zj_bMATPM8\JW
X[\JW�MAT,��TPMAWtK%W®X[Zj\©Z
	`W�_bM¯QSZNg�MNO®W�O�}AK�QpK%T¯l3MNOYZ]\LO � ( +Y|jx]zA-���� ( +Y|jx]z - � . �( +3�"cZ�]zA-¯KN\Lf � ( + ���jz]z -�g�X[WP_JX[\
WP_�M�	½TtK%l3MAg�ZjTPV^Z�	�W�_bM3eb\JX[W�KNT®X CAMNf �seLKNTPV^l3Z fJM�QyG`��_bM � ( +u|]xjz -�M8l¶MAT�h]MNO�KjO9K)f Z]lmXS\¿K%\ W®Q[a`RX
X
TPM�O®Z]\¿K%\L}�M=g�XSW�_ K'QpK%T�h]M R.�. }�Zjl��LZj\bMA\ WAGE� 	»K�QnQ¯W�_JXpO/XrO�WPT�ebMsc�WP_bM � ( + ���jz]z T ���jz]z�-C_LK]O9W�Z��LM
}�Zj\LOuXpfJMAT�MNfDKjO�}AKN\LfçXpfbK%W�MD	½Z]T�K�T�K]fsXrKAQ�M�k¿}~X[W�KNW®X[Z]\ �£��TAcsKAQ[WPMAT�\LK%WYXSqsM�QSaUcçX[W	lDKAa4�LMD��TPZ fJeL}�MNf�� a3K
OuX[lmXnQrKNT�l3MN}�_LK%\JXpOYl K]O � ( +Y|jx]zA-`ORX[\L}�M�\bMAg O®W�TPZ]\�h/W�_bTPM�O®_bZNQrf�O + �)� � �@-�K%TPM¯Z'�LMA\bMNf5FPeLO®W�K%TPZjeb\Lf
WP_ XrO¯l=K]OPO�G

��� � (��	�)�N� ��
½�"�>� ��< � �1� 
r����� 8E�����	���L�A�s�"�½��� 
 �
��_bM�Q[ZNg�M8T¯Z�	¨WP_bM�M�kL}~X[W�MNf 
3l¶MNOYZ]\LO�c 
 + ��bjx�� -tcb_LK]O��LMAM8\)f MAWPMN}�WPMNf9X[\I	½ZjebT¯M�k6�LMAT®X[l3MA\JWtO�G

�YW�_LKjO��LMAMA\ O®MAM8\DWPZ3fJM�}AKAa;X[\ WPZ 
 ' ( ' 5 KN\Lf�� ( ' GJ�YW�XpO�\LKNWPebTtK�Q1W�Z9Xrf MA\JWYX 	½aDWP_JXpO�l3MNO®Zj\Dg�X[WP_ K
fJZjl;X[\LKN\JWYQSa +�R��� ) R
 
�-	T�KjfçXpK�Q¨M�kL}�XSWtK%WYXSZj\^Z�	¨WP_bM 
L+a�
cJ{�-tG

��\Lf MAT	WP_bM�M8\JW�TPa 
L+3�]c�cUz -`X[\@WP_bM1< �JXC�JQ[MA= WP_bM8TPM¯XrO¯K1�JQ[MAWP_�Z]T�K9Z
	1M�k6�£M8T®X[l¶M8\JWtK�QLT�M"	½MATPM8\L}�MNO
K%\¿f K^O#�LMN}�XrKAQ< ��Z]W�MDZ]\ WP_bM�
L+3�]c�cszA-3=[G	��_JXpO;l=K%W�MAT®XpK�Q�XpO9WPZsZHM�kbW�MA\LOuX[qsMDW�ZK�LM)}�Z%qsM8TPMNf4X[\ K
Q[MN}�W�ebTPMCO®e¿}~_ K]O¯WP_ XrO�G

bç{



�Y\ O®_bZjTPWAc�K%\^� l3MNOYZ]\)g�X[W�_ ����� + ���U-DPÀz 5�( +Yz ( -�gãK]O��LT�OYW�OYMAMA\@XS\ K���e*�*�JQ[M3}�_LK%l4�LMAT
M�k6�LMAT®X[l3MA\JW1R��� + + R.�.1' - '�' K%WãKÎl=K]O�O`Z�	 �"cZb��CF)M���g�X[WP_@K�g�XpfJWP_=Z�	1xjz9F)M��`� a4�¯KAXnQoQ[Zj\©M8W
K�QyG � b�c'!Rc fJMN}8K�asX[\bh�qçXpK � ( +Y|]xjz - ' K%\Lf .�. � WPZ R. .1' GJ�sZ]l3M�W®X[l¶M¯QpK%W�MATAc }�Zj\�	½eLOuX[Zj\©gãK]O�}�TPMNKNWPMNf
g¯_bMA\9X[\3WP_bM�TPMNKj}�W®X[Zj\ ' 5 �$+ + R.�.1' - * K� ( ( T�MNO®Zj\LK%\L}�M¯g¯K]O`Z'�LO®MAT�qsMNf7� b���!�K%W	KAQ[l¶ZUO®W	M�k¿K]}�WYQSa
WP_�MmOPKNl¶M�l=K]O�O�c�K�QpO®Z@f MN}AKAaçX[\bh3WPZ R.�.1' Gb�YW¯g¯KjO�fJMN}~XpfJM�f'W�_LK%W�WP_�Mm� l3MNO®Zj\©gãK]O�K �

"
T�KNWP_bM8T

WP_¿K%\^K 
�Gb!�ZNg�M8qsMATAcsasMNKNT�O�QpK%W�MAT�K3z 5&( T�MNO®Zj\LK%\L}�M9g¯KjO�TPMNfsXrO�}�ZNqsMATPM�f=X[\@T�KjfçXpK%WYXSqsM � T�� fJM�}AKAabO
� � T�� + + R.�. - � !�KN\Lf g¯KjOD}AK�QnQ[MNf\< X[Z]WtK�=@+��#-tG¯��g�Z h]T�Z]e*�¿OH+uF^K%T�V ���P��� b���!�K%\¿f�w�FKb`� bs{
! -
O®W�eLfJasX[\bh9TtK]fçXpK%WYX[qsM � T�� fJM�}AKAabO`}�Z]\L}~Q[eLf MNf;W�_LK%W	W�_bMATPM¯g�MATPM�WYg�Z�ZNqsMAT®QpK��6�JX[\bhCz 5�( TPMNOYZ]\LKN\L}�MNO�c
Z]\�M�KNWD�]cAbjz9F)M��¹fJM�}AKAaçX[\bh�X[\JW�Z R.�.1' K%\¿f � ( ' csKN\Lf3K%\bZjWP_bMAT�KNWD�]cs|jzmF)M�� l=K�X[\JQ[a=fJMN}AKAasXS\�h
X[\JW�Z R.�.1' +YOYMAMC��X[hbGU���]KDKN\Lf�� K%\¿f)��X[hbGU�����"Fçf -�G

100

80

60

40

20

70

60

50

40

30

20

10

0
1 1.1 1.3 1.5 1.7 

mKKπ [GeV]

E
ve

nt
s 

/ (
20

 M
eV

/c
2 )

DM2 KsK
±π

K+K
–π0 

a)

b)

240

200

160

120

80

40

0
1.25 1.5 21.75

E
ve

nt
s 

/ 1
0 

M
eV

WA76

LASS

c)

m(K0 K
±π ) GeVs

150

100

50

0
1.5 2.5 3.52 3

LASS

MKKπ (GeV)

E
ve

nt
s 

/ 4
0 

(M
eV

/c
2 )

d)

±

±

��X[h]e�TPM ����B`F)MNKjO®ebT�MNf X[\ qjK%T®XpKN\JW R.�.1' l=K]O�O9O#�LMN}�WPT�K7	½TPZjl W�_bTPMAM3M�k6�LMAT®X[l3MA\JWtO�B�+YKA-�KN\Lf + � -
w�FKb+ � T�� TtK]fçXpKNW®X[qsM�fJMN}8K�aL- � bç{�! >�+u}�- � 
/{ �;� b]x
!$+ ' 5 �4+ .  . � '��?* -�}�Z]l;�LK%T�MNfmg�XSW�_D��
��b�
� bj|�!�+ufbK]OY_bMNf'QnX[\bM�- >dKN\Lf%+uf -���
/�b�H� b]|�!?+ .-5 � + .  . � '�� , -tG

��Z fbKAasc�WP_bMml3ZsOYWÎQnX[VsM�Q[a)X[\JW�MAT,��TPMAWtK%W®X[Zj\HZ�	ãK�QnQ�WP_�M¶T�MNO®eJQ[WtO�XpO�WP_¿K%W�WP_bM8TPM3K%T�M;X[\Lf MAMNfdc£X[\
K]f�fçX[W®X[Z]\DW�Z�WYg�Z � " l¶MNOYZ]\LO¨K%W@�]cAb]z�KN\Lf������8z/F)M �mcAWYg�Z�z 5�( + 
9ZjT 
 � -�l3MNO®Zj\LO�X[\3WP_JXpOE\LKNTPT�Z%g
l=K]OPO�T�KN\bh]Msc¨K%\Lf �£M8TP_LK
�LO9KN\ S �

"
l3MNO®Zj\6K]O�g�M�QnQyc`OYMAM¶W�_bM4	½Z%QnQ[Z%g�X[\bh²O®M�}�W®X[Z]\ XS\ ��X[hbG��NM¶Zj\JQ[a

Z]\�M 
 � O®WtK%WPMC_LK]O@�LMAMA\��JQ[Z]W�WPMNf�G
�¯MN}�MA\ W®Q[asc	MAqsMA\�l3Z]T�M±M�k6�LMAT®X[l3MA\ W�K�Q/fbK%WtK _LKjO��LMAMA\¹Z��bWtK�X[\bMNf�c»g¯_ Xr}�_�_LKjO©W�Z �LM^X[\bi

O®M8TPWPM�f X[\JW�Z±W�_bM7	½T�KNl¶MAg�Z]T�V V \bZNg¯\ K]O¶W�_bMK<n� E�X[ZjW�K�= �be C�C�Q[MsG��UZ]l3M©Z
	�WP_�M^fbKNW�K }�Z]l3M7	½TPZ]l
WP_�M¶�	TPa�O®WtK�Q �¯KNTPT�M�Q � �jz�! BLKDz 5�( TPMNOYZ]\LKN\L}�M9_¿K]OD�LMAMA\^Z'�LO®M8TPqsMNfDXS\ R� �-+ 
 ' ( ' ( ' ( ' 5 KNW�TPMNOYWAc
fJMN}8K�asX[\bhmXS\ WPZ�
 '�' qsXpK � ( ' K%\Lf�
 + '�' -  K%\Lf@_LKAqçX[\bh=KmlDKjOPO¯Z�	5�]csz]| � �3F)M��-KN\Lf)Kmg�XpfJWP_
Z�	�x���� �Az3F)M��4>sX[W�XrO@�LMAT#	½M�}�W®Q[a@}�Zj\LOuXpOYWPMA\ W¯g�X[WP_)W�_bM�Q[Z%g�MAT�X[Z]WtKJG���W�_bMAT�fbKNW�K3}�Z]l3MD	½T�Z]l+W�_bM
���¯�	�d� 	 M�k*�LMATYX[l¶MA\ WAc g¯_JXp}~_ OYWPeLfçX[MNf R����+ R.-.1'�'�' g�X[WP_©QpKNTPh]M8T�O®W�KNW®XpO®WYXp}AO�WP_¿K%\)W�_bM�MNKNT®QnX[MAT
�be*�6�JQ[M3}~_LKNl4�LMAT¯M�k6�£M8T®X[l¶M8\JW8� ���"!yGd���¯���d��	\�L\Lf�O�MAqsXrf MA\L}�M(	½Z]T�WYg�Z;�LO®M8eLfJZsO�}AK�QpKNT9OYW�KNWPMNO�cdKNW
�"cUz���K%\¿f��]cs|]|�F)M��6g�X[WP_3g�XpfJWP_¿O�{
��K%\¿f4b�csz�F)M��mcNTPMNOa�£M�}�W®X[qsM�Q[a >AWP_bM?�LT�OYW`Z]\bM�f MN}AKAabO�l=K�X[\JQ[a
qsXrK � ( ' cbW�_bMmOYMN}�Z]\¿f©Z]\�MmqçXpK . � . W�Z R.�.1' cJX[\ K%hjTPMAMAl3MA\ W�g�X[W�_^WP_bMCTPMNOYeJQ[W�O/	½T�Z]l7T�KjfçXpK%W®X[qsM
� T � fJMN}AKAa�O�G

����� (��	�)� ��
½�"�>< ��� �]���L�4��� ����� !����?�	�	� <t���N�J��� S �
"��_bM¯M�k6�LMAT®X[l3MA\ W�K�Q¿fbKNW�K�K%T�M¯T�K%W�_bMAT`T�MNO®W�T®Xp}�W�MNf&	½Z]T S

" K%\Lf
S �
"
Gs
 qsMAT�a�g�XpfJM� ' T�MNO®Zj\LK%\¿}�M

g�X[WP_ ��� �HP � (?5 + �7P¹zA-�_¿K]O@�£M8MA\ O®MAMA\DX[\^WP_�TPMAM�M�k6�LMAT®X[l3MA\JWtO�KNW�KmlDKjOPO¯Z�	5�'�%{�zDF)M��mG���_bM

b]x



g�XpfJWP_mXpO �\�
csz�F)M�� �j��_JXpO�T�MNO®Zj\LK%\¿}�M�XpO¨XpfJM8\JWYX.�¿MNf;g�X[W�_¶W�_bM�fJZ]lmX[\LK%\ W®Q[a7+�R�	� ) R
�
�-�l3MNO®Zj\ S
"
G

��_bMRX
X��LKNTPWP\�MAT S �
"
XpOEM�k*�LMN}�W�MNf/W�Z�f MN}AKAaCfJZ]lmX[\LK%\ W®Q[a9W�Z R.�.1' G]�sZD	yKNTAcAX[\3K�OuX[\bhNQSM¯M�k*�LMATYXSl3MA\ WAc

� a±W�_bM@��
/�b�4}�Z%QnQpK��LZ]TtK%WYXSZs\�c¯K)}AKN\LfçXpfbKNWPM@_LK]O�LMAM8\HZ��LOYMATPqsM�f4X[\ .-5 �G+ .  . � '���, KNW3K
l=K]OPO � ���]xjzmF)M��mc]g�X[W�_)K�g�XpfJWP_ � xjz9F)M��mcUfJMN}AKAasXS\�h/X[\JW�Z . � R. + ) ����-@� b]|
!RG ��_bM�X[\ q]KNT®XpK%\ W
l=K]OPO�fçXpOYWPT®XC�be�W®X[Z]\HZ
	 .  . � '�� O®_�Z%g�O�K���TPZ]lmX[\bMA\ W(�LMNK%V K%T�Z]eb\Lf2�]G �©�M��E+Y��XSh�G����jf -�c�K%\Lf
l3Z]TPMCOYWPTPe¿}�WPebT�M�K%W¯_ XShj_bMAT¯l=K]O�O®MNO�cb\bZ]W�fçXpO�}�eLOPOYMNfD_bMAT�MsGb��_bM1�LKNTPWYXrKAQ1g¯KAqsM�KN\LK�Q[a�OuXpO �¿\LfbO¯WP_LKNW
WP_�M�jG �/�M��¹lDKjOPO`TPM8h%X[Z]\mXpO�fJZjl;X[\LKNWPMNf4�Ja . � R. ) � �	g�X[WP_ ���KP^� ( Gs!�Z%g�MAqsMAT8cAWP_bM�OYWPTPe¿}�WPebT�M
}AKN\b\bZ]W4�LM@f ebMDWPZ K)ORXS\�h%Q[M)T�MNO®Zj\LK%\L}�MsG1��_bM@OuX[hj\ Z
	�W�_bMmXS\ WPM8T#	½MAT�MA\L}�M3Z�	�W�_bMDWYg�Z . � �LKN\LfbO
}�_LK%\bhjMNO��LMAWYg�MAMA\CWP_bM¯WYg�Z R.�.1' lDKjOPO`g�X[\LfJZNg�O�cL�]G ��c�FL�]G cA�m�M �¹K%\Lf7�jG cA��FL�jG �]xm�M��\+Y��X[h�G �]�
K%\¿f)}�Z�	�� b]|
! -�GL��_�MÎX[\ WPMATa	½MATPM8\L}�M�K
�*�LMNK%TtO»W�Z��LMmf MNO®W�TPeL}�WYX[qsM�K%W�WP_bM�Q[ZNg�MAT�l=K]OPO�cJX[\LfçXp}AK%WYX[\bh K
^PGFL��Z��GFPMN}�W�W�_bMAT�Msc]g¯_JXnQpO®W�	½ZjT�WP_�M�_JX[hj_bMAT�l=K]O�O�X[W`XpO¯}�Z]\LOYWPT�eL}�W®X[qsM�K]O`M�k6�LMN}�WPM�f�	½ZjT»^P ) �jc
O®M8Mm��X[hbG:�Ax%M3KN\LfI	�G��bTPZjl W�_bM9l3MNKjO®ebT�MNf . ( R. � KN\Lf R. ( . � X[\ WPMA\LORX[W®X[MNO�K%\Lf@WP_bM�X[\JW�MAT#	½MAT�MA\L}�M
�LMAWYg�MAM8\9WP_�MNO®M	WYg�Z�KNl�� QoX[W�eLfJMNO�c]WP_bM	X[\JW�MA\LOuX[WYa�Z�	�WP_�M��i �¿K%T®X[WYa9M�XShjMA\LOYW�K%W�MNOE_LKjO �LMAMA\CM�kbW�T�Kj}�WPMNf
K%\¿f;XpO�O®_�Z%g¯\mX[\@��X[hbGL�N{NK9KN\Lf��U>sW�_bM�K%ebW�_bZ]TtO¯}�Z]\¿}~Q[eLfJM�WP_LKNW�WYg�Z�� ( T�MNO®Zj\LK%\L}�MNO	K%TPM�Z��LOYMATPqsMNf
X[\±W�_JXpO�l=K]OPO�T�MAh%X[Z]\�cdZ]\bMmg�X[W�_  P FL�3K%\¿f)WP_bMmZjWP_bMAT�g�XSW�_H P ) �]G�
�TPh]e XS\�h©W�_LK%W�XrOYZsOa�JX[\
P zDXrO�l¶ZjTPMmQnXSVsM�QSa)X[\HW�_bM;�£M8T®XC�b_bMATtK�Qã_JaG�LMAT�}�_LK%T�h]MmM�k¿}�_LK%\bhjM¶T�MNK]}�W®X[Z]\ . 5 � + .  . � ' � ,
K%\¿f±_bMA\L}�M©QP7��c1K%\Lf±W�_LK%WCWP_bM �bTPZ fJe¿}�W®X[Z]\6Z
	4RX�X=fJZ]lmX[\LK%W�MNO/X[\HWP_JXpO9T�MNK]}�WYX[Z]\�c�XSW�XpO/WP_�MA\
}~QpK�X[l3MNf©W�_LK%W¯W�_bM S �

"
hjTPZ]e�\Lf)OYW�K%W�M4+Y��X[hbGB�%{��$-ãK%\Lf@K%\ � " + ����bjz -�l¶M�O®Z]\K+u��X[hbGB�%{NKA-�_¿K�qsM��£M8MA\

Z��¿O®MAT�qsMNfdG

1.4

a)

b)

c) f)

e)

d) g) i)

j)h)

0

0

400

800

400

800

0

0
– +

a0π

0
– +

K*K

0
– +

K*K

1
+ –

K*K p.s.

0
– +

(a0π + K*K)

Phase Space

Sum

1
++

K*K 1
++

K*K

400

800

1200

0

200

40
80

120

160

240
280
320

40

80

120

160

200

280
240

320

1.4 1.4

E
nt

rie
s 

/ (
25

 M
eV

/c
2 )

E
ve

nt
s 

/ 2
0 

M
eV

1.5 1.5 1.5 1.51.6 1.6

WA 76

1.6 1.61.4

MARK III

MK0K
±

π  (GeV/c2) 
s

± M(K0K± π  ) GeVs

 ±

��X[h]e�TPM�����Bd�¯MNOYeJQ[W�O¯Z�	?�LKNTPWYXrKAQ	g¯KAqsMCK%\¿K�Q[abOYMNO�BB+YK -;F*+_	"- 	½TPZ]l F^K%TPV@���P�D+ � T � + � .  . � ' � * -
� b'��! >LK%\LfK+Rh�-;F*+ F"- 	½T�Z]l � 
/{ ��+ ' 5 � + .  . � ' � * - � bjx�!RG

����� < ��
½�"�>< ���J�]���L�4�3�J�����1��� �
"
�}A}�Z]T�fsXS\�h±W�Z±W�_bMK< �JXC�JQ[MA=	WP_bM8TPM K%T�M)WP_�TPMAM@\LKNTPTPZNg � " TPM�O®Z]\¿K%\L}�M�O�X[\ W�_bM@lDKjOPO¶TtK%\bhjM

��b'�]z�FL���'�]zDF)M ��g¯_bMATPM¯Zj\JQ[a¶WYg�Z�seLKNTPVml3Z fJM�Q�l¶M�O®Z]\¿O�KNTPM�M�k6�£M�}�WPMNf�B%W�_bM � " +3��b]x��A-�� � " +3�]cAbjz -
K%\¿f�� " +3�����8z -�c�g�XSW�_)g�XpfJW�_LO�Z�	 b
cbc ��bDKN\Lf��'�DF)M��mc TPMNOa�£M�}�W®X[qsM�Q[asGL��_bM1�LT�OYW�Z]\�MmfJMN}8K�a�O�g�X[WP_
�bT�Z��LK
�JXnQoX[WYXSM�O9Z�	 ��c�%+WPZ�
 '�' � lDKAX[\JQ[a � ( +Y|]xjz - ' !Rc �]z&% WPZ7c ' K%\Lf �8z&%+W�Z R.�.1' G£�YW�K��*�LMNKNT�O
WPZ��LM@K©T�M�QnXrK
�JQ[M R�	� ) R
�
K�seLK%T�V±l3MNOYZ]\�G1��_bMDZjWP_bM8T9WYg�Z@l3MNO®Zj\LO/_LKAqsM;�LZ]WP_2�LMAMA\²Z��LOYMATPqsMNf

b]|



M�k¿}~Q[eLOuX[qsM�Q[aCWP_bT�Z]ebhj_mWP_bM�X[T¨fJMN}AKAa�X[\JW�Z R.�.1' >NWP_ eLO�W�_bMAaCK%T�M¯KD��T®X[Z]TYX�}AK%\¿fçXpfbK%W�MNO 	½Z]T5RX�X�l3MNOYZ]\LO�G
��_bM �

"
+3�����8z -�gãK]O1O®MAMA\�X[\9W�_bM���
/�b��M�k*�LMATYX[l¶MA\ WAc�g¯_JXp}~_�K�QpO®Z�Z��LOYMATPqsMNf�W�_bM S �

"
l¶MNOYZ]\ � bj|�!Rc8K%\Lf

X[\DWYg�ZCZ]WP_�MAT	M�k*�LMATYX[l¶MA\ W�O�G ��_bM �
"
+3�]cAb]zA-	_LK]O?�LMAMA\mXrf MA\JWYX �LMNf;X[\Dl=K%\ a3fçX M�MATPMA\ W�M�k*�LMATYXSl3MA\ W�O

X[\ R� � KN\b\JX[_JXnQpK%W®X[Zj\�c � T�� fJMN}AKAa�O�c � � }�Z%QnQnXpOuX[Z]\¿O�c�K%\Lf±X[\ ' � X[\ WPMATtK]}�WYX[Z]\LO7+YOYMAMsc 	½ZjT9X[\LO®WtK%\L}�MUc
��X[hbGB���jK Fç}7� bjx�!Rc���X[hbGB���]K3K%\¿f'X � bjx�!1KN\Lf)��X[h�GU�%{Nf � b'��! -�G

1++

Background1+ –

0→
2000

2000

1600

1600

1200

1200

800

800

400

400

0

0

c) d)

e) f)

MPS

1.25 1.55 1.551.25 1.41.4
KKπ Μass (GeV/c2)

A
rb

itr
ar

y 
S

ca
le



1++ 1+–
800

600

400

200

0
1.4

a) b)

LASS




2
A

m
pl

itu
de

   
(A

rb
itr

ar
y 

U
ni

ts
)

1.6 1.8 1.4 1.6 1.8
MKKπ (GeV/c2) 

��X[h]e�TPME�N{B �»M�O®eJQ[W�O 	½TPZjl �LKNTPW®XpKAQ6g¯KAqsM-KN\LK�Q[a�O®MNO�B%+uK - K%\Lf + �$-2	½TPZjl ��
/�b� + . 5 � +
.  . � ' � , -�� bj|�! > +Y}
- F*+_	]- 	½T�Z]l7F^����+ ' 5 � + .  . ( ' 5 * -�� b'��!RG

��\@WP_bM�Zj\bM�_LK%\¿fdc¿X[W�XpO�}�Z]l;�JQ[MAWPM�QSa3M�k¿}~Q[eLfJMNf¶X[\@WP_bM8�seLK%T�VDl3Z fJM�Q�W�Z¶_¿K�qsM�W®g�Z9\LKNTPT�Z%g
O®WtK%W�MNO�g�XSW�_)XpfJMA\ W®Xp}AK�Q �çeLKN\JW�ebl \ ebl4�LMATtO»Zj\JQ[a |]zDF)M�� K��LKNTPW8G�F)Z]T�MAZNqsMAT&+uO®WYXoQnQ	Zj\±W�_bMmO�K%l3M
_LKN\Lf -�c`W�_bM OuX[WPe¿K%W®X[Zj\�TPMAlmX[\LfbO9eLOmZ�	�WP_LKNW	½Z]TmW�_bM�
 + �"c*�8z - T 
L+3�"cU|]zA-DKN\LfHlDKNVsMNO9eLO9g�Z]\LfJM8T
g¯_LKNWDWP_bM��bTPM�O®MA\L}�M©Z
	�WP_�MNO®M fJZ]e*� QSM8W�O¶lmX[h]_ WDORXShj\JX 	½asG¯��_bM < �JXC�JQ[MA= �sebZ]W�MNO¶KjO;W�_bM���TPM"	½MAT�TPMNf
X[\JW�MAT,��TPMAWtK%W®X[Zj\)WP_¿K%W�Zj\bM�Z�	1W�_bMAl cçW�_bM � " +3�"cZb]zA-�cJXpO�\bZ]W�K9\�Z]TPl=K�Q�l¶M�O®Z]\�cJg¯_JXnQpO®W�WP_bM � " +3�����8z -
XpO»W�_bMCfJZ]lmX[\LK%\ W®Q[a2RX�X����

"
l¶M�O®Z]\�G

��\±W�_bMDZjWP_bMAT�_LKN\Lfdc¨K)}~Q[ZsOYM¶X[\LO#�LMN}�W®X[Z]\ K%\¿fH}�Z]l;�LKNT®XpO®Zj\ Zj\HWP_�MDO�K%l3MDlDKjOPOCOP}AKAQSM=Z�	
WP_�M3��
/�b� � b]|
!	K%\¿f4W�_bM � 
/{
�H� b]x�!¨fbKNW�K�+Y��X[h�G ���]}�-�l=K%VsMNO¯Z]\�M¶g�Z]\LfJM8T�g¯_bMAW�_bMAT�W�_bMNO®MmWYg�Z
� " l¶M�O®Z]\¿O/KNTPM3TPMNKAQnQSa fsX.M�MAT�MA\ W 	½T�Z]l MNKj}~_^ZjWP_bM8TAG ��_Ja@XpO/WP_�M � " +3�]cAbjz -�l3MNOYZ]\ Z]\JQ[a²O®MAMA\)X[\
Z]\�M�M�k6�LMAT®X[l3MA\ W	K%\Lfm\bZjW�X[\¶W�_bM�Z]WP_�MAT�K%\LfmqçXp}�M¯qsM8T�OPKD	½ZjT�W�_bM � " + ���G�Az - ����_bM5�sebMNOYW®X[Z]\¿O�T�KAXpO®MNf
_bMAT�M�K%W	WP_�M¯MA\LfmZ�	�WP_bM�Q[MN}�WPebT�MNO	fJZ�\bZ]W	TPM�K�QnQ[a3}�Z]\L}�MATP\mW�_bM � " + �"cAbjz - T � " +3���G�AzA-��bT�Z��JQ[MAl G�+R�¨K%l
\bZjW�X[\=K(�£ZUOuX[W®X[Zj\�cLK%W?�bT�MNO®MA\ WAcNWPZ FPeLf h]M�WP_bM5�seLK�QnX[WYa3K%\Lf3}�Zj\LOuXpO®W�MA\L}�amZ
	�qjK%TYX[Z]eLO	M�k*�LMATYX[l¶MA\ W�O3-�G
��ebW¯W�_bMAa fJZ3_LKAqsM�K;TtK%W�_bMAT�h]MA\bM8T�K�Q�fçXpfbKj}�W®Xp}&��ebT,�LZsOYMsG�
/	½WPMAT¯_¿K�qsX[\bh3TPM"	½MAT�TPMNfDW�Z¶W�_bMC�»MAqsX[MAg
Z�	��`KNTPW®Xp}~Q[M���T�Z��LMAT�W®X[MNO8� ��!�Z�	¨WP_bMC�`KNTPWYXr}�QSMCw�KNW�KD�TPZ]e6�)WP_�TPZ]e�h]_bZjebW�W�_bMNOYMÎQ[MN}�WPebT�MNO�KjO�K�JXC�JQ[M
	½Z]T�WP_bM�l¶MNOYZ]\@KN\Lf7�LK%T�asZ]\@Oa�LMN}�WPT�ZsO�}�Z��JXpOYWAcJX[W�XpO¯K/l3Z]TtK�Q�fJebWYa¶W�ZmO�K�a=K%W	Q[MNK]OYW¯Z]\L}�M�WP_LKNW�MAqsMA\
WP_ XrO@�JXC�JQ[MCO®_bZjeJQpf)OYZ]l3MAW®X[l3MNO��LM�sebMNOYW®X[Z]\�MNfdGJ�YW�XpO ���E�1�JXC�JQ[MA>bWP_�MATPM"	½ZjTPMscsg¯_JXnQpO®W�g�M�W�TPa3WPZmh]M8W
K]O�l=K%\ a@Z�	�WP_bMmlmX[T�Kj}~Q[MNO�WP_¿K%W�g�MscLWP_�M9M�k6�LMAT®X[l3MA\JWtK�QnXpO®WtO/Kj}~_ XSM8qsM/X[\JW�Z@WP_JXpOD�LZsZ]V�c�g�M3OY_bZ]eJQpf
\bZjW@�£M�QoX[MAqsM�WP_LKNW¯MAqsMATPamlmX[T�Kj}~Q[M/W�_LK%W�_LK]O��LMAM8\'X[\L}�QSe¿fJMNf¶X[\©W�_bM�l3MNO®Zj\�+RZjT@�LK%T�asZ]\$-�O®ebl3l=K%TPa
W�K
�JQ[MscLM�kJXpOYW�O��LMAasZ]\¿f)fJZje*�bWAG

�]z



<D:�:�,�2)>D#�� ���7<=2)> $ :	<DB¶#8(�� ,�#N$@,�2^.�(�<�(9,/.�0�� R.�. :	<¶#8B©.
� M@K]fJZ'�bW9W�_bM�	½ZNQoQ[ZNg�X[\bh6ORXShj\ }�Z]\ qsMA\ W®X[Z]\9	½ZjT9W�_bMD}�_LKNTPh]M'}�Z]\
FPe�hsK%WYX[Z]\��ÀKN\LfHWP_bM �i

�LKNT®X[WYa©Z'�LMAT�KNW®X[Z]\ � b�! B

� ��P ) R� � 
�P ) R
 � X P ) RX � R��P ) � � R
4P ) 
 � RX P ) X

� ��P ) R
 � 
�P �;R� � X&P ) RX � R
�P � � � R��P ) 
 � RX&P ) X

g¯_bMAT�Mm� XpO»W�_bMC}~_LKNTPhjM9}�Z]\
FPebhUK%WYXSZj\^Z��LMATtK%WPZjT�KN\Lf � P 
 � ����� � 0
��_bM ��KAqsZ]ebT¯gãK�qsM5	½eb\L}�WYXSZj\LO¯Z�	��1K��JQ[M8cbG b9X[\ � b�!1KNTPMCK]f Z��bW�MNfdG���_JeLO�c�	½Z]T¯X[\LO®WtK%\L}�M B

'	( P ) � � + ��- R
�+ab - ) R
�+ ��-�� +Yb - ! T 
 b
' ( P ) � 
�+3��- R
N+Yb - ���U+3�
-�R�U+abA- ) R
*+3�
-!
�+abA- �\R� +3��-��U+ab - ! T b
.�( P ) � � + ��-]RXZ+Yb - ) RXZ+ ��-�� +Yb - ! T 
 b
.-5 P ��� X�+3�
-�R�U+abA- ) R�U+3�
-aX�+abA- ! T 
 b
. ( P ) � 
�+3��-]RX +Yb - ) RX�+ ��-!
�+Yb - ! T 
 b
R. ( P ��� X�+3�
- R
�+Yb - ) R
�+3�
-aX�+abA- ! T 
 b
 ( P ) � � + ��- R
�+ab - � R
�+3�
- �U+abA- ! T 
 b
.�(�� P ) � � + ��-]RXZ+Yb - �WRX�+3�
- �U+abA- ! T 
 b
. 5 � P ��� X�+3�
-�R�U+abA- �\R�U+3��-YX�+ab - ! T�
 b
. ( � P ) � 
�+3��-]RX +Yb - �WRX�+3�
-!
�+abA- ! T�
 b
R. ( � P ��� X�+3�
- R
�+Yb - � R
�+3��-YX�+ab - ! T 
 b 0

��_bM1	½Z%QnQ[Z%g�X[\bh'OuX[h]\LO@	½Z]T�WP_bMCK]}�W®X[Z]\ Z�	 � � � KN\Lf � 
¯Z]\��LO®MAe¿fJZsO�}AK�QpK%T�l¶MNOYZ]\LO�K%T�M�Z��bWtK�X[\bMNf B

� ' ( P ) ' ( � ' ( P � ' ( � 
 ' ( P ) ' (
� ' ( P � ' 5 � ' ( P � ' ( � 
 ' ( P ) ' (
� ' 5 P � ' ( � ' 5 P � ' 5 � 
 ' 5 P ) ' 5
� . ( P � . 5 � . ( P � R. ( � 
 . ( P � . (
� . 5 P � . ( � . 5 P � . ( � 
 . 5 P � . 5
� . ( P � R. ( � . ( P )�. 5 � 
 . ( P � . (
� R. ( P � . ( � R. ( P )�.�( � 
 R. ( P � R. (

�bZ]T�WP_bMCOYWPT�KN\bh]M ���J�]���L��l3MNO®Zj\LO»Zj\bM�Z��bWtK�X[\LO�FPe¿O®W�WP_bM�Z��6�£ZUOuX[WPM3ORX[h]\LO�	½Z]T���KN\Lf4 B
� .�( � P )�.-5 � � .�( � P ) R. ( � � 
 .�( � P � .�( �
� .-5 � P )�.�( � � .-5 � P )�. ( � � 
 .-5 � P � .-5 �
� . ( � P ) R. ( � � . ( � P � .-5 � � 
 . ( � P � . ( �
� R. ( � P ) . ( � � R. ( � P � .�( � � 
 R. ( � P � R. ( �

��_bM�K]}�WYX[Z]\3Z�	 � 
 }AK%eLOYMNO`K�lmXS\ eLO	OuX[hj\�	½ZjT�KAQnQdVjKNZ]\LO�GJ
`b ' TPZ]WtK%WYXSZj\DXS\mXpO®ZUO#�LKj}�M/	½ZjT�K%\mXrOYZsOa�JX[\
�AE b��¿K%TPWYXp}~Q[M9_LKjO�WP_bMCOPKNl¶M�M"M�MN}�W¯K]O�W�_bMC}�Z]T�TPMNOa�LZ]\LfçX[\bh=TPZ]WtK%WYXSZj\©X[\^Oa�LK]}�M�Z]\ WP_bM�gãKAqsMD	½eb\L}�i
W®X[Zj\^Z�	�K¶Oa�JX[\ �AE b��¿K%TPWYXp}~Q[MsG
:��"
½�N�4��� . R. G
!�MAT�M�g�MCKNTPM�lDKAX[\JQ[a'X[\ WPMAT�MNO®W�MNf;X[\)W�_bMm��KN\Lf'XpOYZsO#� XS\^M�XShjMA\LOYW�K%W�MNO¯Z]TAcLKAQ[WPMAT�\LK%WYXSqsM�QSaUcd�M�X[h]M8\bi
O®WtK%W�MNO�G1��_bM � ��� ���P z ��z	��KN\Lf � ��� � �PE� ��z���g¯KAqsM	½eb\L}�W®X[Z]\LO�Z�	 R.�. c�}�Z]l4�JX[\LKNW®X[Z]\LO9Z
	�KN\±�
fJZje*�JQ[MAW�g�XSW�_ K%\@�¯KN\JWYXpfJZ]e*� QSM8WAc�O®eL}�_ K]O  ( KN\Lf ��cbZjT ' ( KN\Lf�
�cLK%T�M

� ��� ���@P¹z �tz�� P � . ( +3��- R. ( +Yb - ) .�( +3��- .-5 +abA-�� T 
 b
� ��� � � P^���tz�� P � . ( +3��- R. ( +Yb - � . ( +3��- . 5 +abA-�� T�
 b 0

���



600
600

900

1200

800
m (KLπ0) in MeV/c2

m
 (

K
+

/–
π0 )

 in
 M

eV
/c

2

600
600

900

1200

m
 (

K
+

/–
π0 )

 in
 M

eV
/c

2

a)Jp (X) = 0–  G = + 1

1000 1200 800
m (KLπ0) in MeV/c2

b)Jp (X) = 0–  G = – 1

1000 1200 800
m (KLπ0) in MeV/c2

c)Jp (X) = 1–  G = + 1

1000 1200

800
m (KLπ0) in MeV/c2

d)Jp (X) = 1–  G = 1

1000 1200 800
m (KLπ0) in MeV/c2

e)Jp (X) = 1+  G = + 1

1000 1200 800
m (KLπ0) in MeV/c2

f)Jp (X) = 0+  G = – 1

1000 1200

600
600

900

1200

800
m (KLπ0) in MeV/c2

m
 (

K
+

/–
π0 )

 in
 M

eV
/c

2

g)Jp (X) = 2–  G = + 1

1000 1200 800
m (KLπ0) in MeV/c2

h)Jp (X) = 2–  G = – 1

1000 1200

��X[h]e�TPM �Ax"Bãw�K�QnX[W C � QSZjW�O�+YF)Zj\JW�MH��K%TYQSZ6hjMA\bMATtK%WPM�f �Ja¹��G #�Z%Q[Z�-=O®_�Z%g�X[\bh WP_bM@X[\JW�MAT#	½MAT�MA\L}�M
�LKNWPWPM8TP\LO(	½Z]T�qjK%T®X[ZjeLO � � KN\Lf � }�Z]l4� XS\¿K%W®X[Zj\LO/Z
	�K'l3MNOYZ]\ g�XSW�_Hl=K]OPO4�����]z^F)M � fJMN}AKAasXS\�h
X[\JW�Z R.�.1' qçXpK . � R. � ��� 0 � � � P^+YK -�z 5�( c + �$-	z 5 5 c +Y}
-@� 5&( c +YfL-@� 5 5 c*+RM'-@� ( ( cL+ 	]-@� (?5 cL+RhG-
b 5&( cL+R_$- b 5 5 G

��b



+Y��Z]WPM=WP_LKNW9WP_�MDORXShj\LO3K%TPM3Z��6�£ZUOuX[WPM WPZ WP_bZUO®MDZ
	�WP_bM@OYW�KN\LfbK%Ttf �`QSM��LOP}�_"Fb�ZjT�fbKN\ }�ZsM"J@}�XSM8\JWtO
+YOYMAMm�sMN}�WYX[Z]\Kb G c4	½Z]T�KN\)M�k6�JQpK%\LKNW®X[Z]\ -�G���_bM�O®MCK%T�M9\bZjW�asMAW�M�X[h]MA\G	½eb\L}�WYXSZj\LO�Z
	���c*�be�W/	½T�Z]l+W�_bM
K]}�W®X[Z]\^Z
	�� Z]\^WP_�M . O¯WP_bMCM�X[h]MA\LOYW�KNWPMNO�}8K%\��LM3}�Zj\LO®W�TPeL}�WPMNfdG$+y�Y\)WP_�M&	½Z%QnQ[ZNg�X[\bhbc�WP_�M�LKNTPW®Xp}~Q[M
X[\LfçXp}�MNO�X[\��bTtK]}�VsMAW�O�g¯_ Xr}�_@TPM"	½M8T¯WPZ3Kmh%X[qsMA\ O#�LKNW®XpK�Q�O®W�KNWPM�Z�	�Z]\bM1�LKNTPW®Xp}~Q[MCg�XoQnQ:�LM9Z]lmX[WPW�MNf -�G

� ��� � R.�. �£K�qsZjebT g¯KAqsM 	½eb\¿}�W®X[Z]\¿O � #

z z ) � � . ( R. ( )/. ( . 5 ) R. ( . ( ) . 5 . ( ! T b ) � z �3b � 0D0 0
z z �� � . ( R. ( )/. ( . 5 � + R. ( . ( ) . 5 . ( - ! T b �� ���3� � 0D0 0
� z ) � � . ( R. ( � . ( . 5 ) + R. ( . ( � . 5 . ( - ! T b �� z �3b � 0D0 0
� z �� � . ( R. ( � .�( .-5 � + R. ( . ( � .-5�.�( - ! T b ) � ���3� � 0D0 0

��_LKNW	fJZ�W�_bMNO®M	M�X[hjMA\�	½eb\L}�W®X[Z]\LO`W�M�QnQbeLO��¯�bZjTEl3MNO®Zj\"F KN\JWYX[l¶MNOYZ]\;�LK�X[TtO�c��LKNT®X[WYaC�Ecs�	i �LKNT®X[WYa
K%\¿f'�i_�LK%TYXSWYa3KNTPM¯TPM�QrKNWPMNf9W�ZC�`cJ�CK%\Lf9�B� amOuX[lmXnQrKNT	TPM�QpK%WYX[Z]\LO�K]O 	½Z]T 	½M8TPlmXSZj\"F KN\JWYX 	½MATPlmX[Z]\7�LKAX[T�O
+Rg�M�e¿O®M�}AK��JX[WtK�Q1�@_bMAT�M/	½ZjT�W�_bM�Z]T,� XSWtK�Q�K%\bhjeJQpK%T¯l3Z]l3MA\JW�ebl cç�	½ZjT	WP_bM�WPZjW�K�Q�Oa�JX[\DZ�	1W�_bMD�¿K�X[T"- B

, P + �8��- �

� P\+ �8��- � (  
� P + ��
- � � P + ��
- � ( � (  0

��_ eLO»X[W�}8K%\K�LMmOYMAMA\�	½T�Z]l7WP_�M9M�k6�bTPM�OPOuX[Zj\�	½Z]T�� +yZ]T�l¶ZjTPMmfsXST�MN}�WYQSaUcN	½T�Z]l7WP_bM�O®a l¶l3MAW�T®X[MNO¯Z�	
WP_�Mmg¯KAqsM	½eb\L}�WYX[Z]\ g�XSW�_±T�MNO#�LMN}�W�WPZ��LKNTPW®Xp}~Q[MmX[\JW�MAT�}�_LK%\�h]M�-¯W�_LK%W�W�_bM�LT�OYWCK%\Lf^WP_JX[Ttf4Z
	¯WP_�M4c
M�X[h]M8\�	½eb\L}�WYX[Z]\LOm}�ZjTPT�MNO#�LZ]\¿f4W�Z^KDg¯KAqsM	½eb\L}�W®X[Z]\ g�X[WP_6�`P zJcBbJc	G[GSG�K%\Lf±W�_LK%W�W�_bM¶T�MAl=K�X[\JX[\bh
WYg�Z3_LKAqsM�Z fbf^� +YO®M8M/W�_bM/QpKjO®W�}�ZNQ[ebl¶\ -�G���_JXpO�}AK%\K�LM�}�Z]\��¿TPl3MNfDg�XSW�_^WP_bMCTPM�QpKNW®X[Z]\K	½Z]T�Cc£ZjT
fçX[TPM�}�W®Q[a��Ja=K��6�JQ[açX[\bhDW�_bM�TPeJQ[MNO�QnXpO®W�MNf)K
�LZ%qsM(	½ZjT�W�_bM�K]}�W®X[Z]\^Z
	� Z]\)W�_bM . O�K%\Lf R. O�cbWP_LKNW/
W�KNVsMNO�WP_�M/qjKAQSe�MNO»hNX[qsMA\©X[\)W�_bM�\bM�k�W�W�Z;QpK]OYW�}�Z%Q[ebl3\�G

�]X[lmXoQpKNT®Q[ascbWP_�M�gãK�qsM@	½eb\L}�W®X[Z]\LO�	½Z]T�Z]WP_�MAT��LKAX[T�O�csQnXSVsM .�. � � . � . � }AK%\7�LM�Z'�bW�KAX[\bMNfdG���_bM
��cJ��KN\Lf)�M�X[h]M8\LO®WtK%WPM�O 	½Z]T¯\bMAe�WPT�KAQ�+ ���@P¹z -?�LKAX[T�O�Z�	 . � R. � ) � �¯_LKAqsM�WP_�M�OPKNl¶M�OYM
�sebMA\L}�M�Z�	
OuX[hj\LO�B

� � � � . � R. � �£K�qsZjebTHgãK�qsM 	½eb\¿}�W®X[Z]\¿O � & ) #
z z ) � � . ( � R. ( � )/.�( � .-5 � ) R. ( � . ( � )/.-5 � .�( � ! T b ) � z � b � 0 0D0
z z �8� � . ( � R. ( � )/.�( � .-5 � � + R. ( � . ( � )/.-5 � .�( � - ! T b �� ��� � � 0 0D0
� z ) � � . ( � R. ( � � . ( � . 5 � ) + R. ( � . ( � � . 5 � . ( � - ! T b �� z � b � 0 0D0
� z �8� � . ( � R. ( � � .�( � .-5 � � + R. ( � . ( � � .-5 � .�( � - ! T b ) � ��� � � 0 0D0

�bZ]T5�LK�X[TtO»Z
	 . R. � � . � R. cbW�_bMCOuX[h]\¿O»X[\)WP_�M/lmXpfbfçQ[MmKNTPM�TPM8qsMAT�OYMNf��LMN}AKNeLO®MCWP_bMm� �LK%TYXSWYa@Z�	 . �
XpO»Z'�*�LZsORXSW�MmWPZ3WP_LKNW�Z
	 . B

� ��� � . R. � + R. ( . � - ��KAqsZjebTHg¯KAqsM2	½eb\L}�WYXSZj\LO �
z z ) � � . ( R. ( � )/.�(�.-5 � �2+ R. ( . ( � )/.-5�.�( � - ! T b ) �
z z �8� � . ( R. ( � )/. ( . 5 � ) + R. ( . ( � )/. 5 . ( � - ! T b ��
� z ) � � . ( R. ( � � .�(�.-5 � � + R. ( . ( � � .-5�.�( � - ! T b ��
� z �8� � . ( R. ( � � .�(�.-5 � ) + R. ( . ( � � .-5�.�( � - ! T b ) �

�Y\^WP_bM�QpK]O®WC}AKjO®MscLWP_�M&	½Z]e�T�WPMAT�lDO�X[\±W�_bMmOYebl OYMAMAl+W�Z7�LM4�b_ abORXr}8K�QnQ[a fçXpO®W®X[\bhjeJXpO®_bM�fdcE\bZjW?FPeLOYW
�LMATPlme�W�K%WYX[Z]\LO	Z�	 �LK%T�W®Xp}~Q[M¯XS\¿fçXp}�MNO	K]OEX[\¶W�_bM�}AKjO®M¯Z�	 . R. K%\Lf . � R. � G]!�Z%g�MAqsMAT8cAWP_bM��L\¿K�Q�O®WtK%WPM�O
TPM�O®eJQ[W®X[\bh;	½TPZ]l WP_bM�f MN}AKAaDZ�	¨WP_�M . � O»ZNqsMATYQpK��DX[\)OYZ]l3M�TPMAhNXSZj\LO¯Z�	?�b_¿K]O®MCOa�LK]}�MCKN\Lf©W�_bMATPM]	½Z]TPM
X[\JW�MAT#	½M8TPMA\L}�M��LMAWYg�MAM8\mWP_bM¯qjK%TYX[Z]eLO�W�MATPl=OEW�KNVsMNO �JQpKj}�MsG�� M�\�MAMNfmK]f�fçX[W®X[Z]\LKAQ�T�M�QpK%W®X[Zj\LO�WPZ�Z���W�K�X[\

���



WP_�M�}�ZjTPT�MN}�W�OuX[h]\¿O�Z�	dX[\ WPMATa	½MATPM8\L}�M�X[\DWP_�M/�L\¿K�Q1OYW�KNWPMscs\LKNl¶M�Q[amW�_bZsOYM�g¯_JXp}~_=}�Zj\b\bMN}�W	W�_bM�qjKNT®X[Z]eLO
. � O¯g�XSW�_)W�_bM�X[T�fJMN}AKAa7��TPZ fJeL}�W�O�B

.�(�� P � � � T ��+ .�( ' ( - ) � b T ��+ . ( '	( -
.-5 � P ) � � T ��+ .-5�' ( - ) � b T ��+ R. ( ' 5 -
. ( � P ) � � T ��+ . ( ' ( - � � b T ��+ .�(�' 5 -
R. ( � P � � � T ��+ R. ( ' ( - � � b T ��+ . 5 ' ( - 0

!�MAT�MscLg�M3_LKAqsMmeLO®MNf^OYW�KN\LfbK%Ttf �`Q[M��LO�}~_"F��Z]T�f�K%\ }�ZsM"J'}~X[MA\ W�O/	½ZjT/W�_bMmXrOYZsOa�JX[\ }�Z]e*�JQnX[\bh � 
r���
� � �-���1���8���
;���1��g¯_bMAT�M�W�_bM�ORX[h]\LO¯KNTPM�Z��*�LZsORX[WPM � �'b�! B]W�_bM . 5 K%\Lf . 5 � csg¯_JXp}~_=}�Zj\JWtK�X[\DWP_�M�R�
�seLK%T�VdcN_LKAqsM	WPZ(�LM�hNX[qsMA\3K»lmX[\Je¿O`OuX[h]\�cs}�Z]\¿OuXpO®W�MA\JW¨g�XSW�_mWP_bMã}~_¿K%\bhjM�X[\3OuX[h]\mZ
	�WP_bM	XrOYZsOa�JX[\¶gãK�qsM
	½eb\L}�W®X[Z]\LO	Z�	 R.�. �LKAXSTtO/+uO®MAM�K
�£ZNqsM�-tG]�Y\mWP_bM�Z%Qpf9QnXSW�MAT�KNWPebT�Msc O®MAM@	½Z]T1XS\¿O®W�KN\L}�M;� ��� cA��cA!ycsO®WtK%\LfbKNT�f
�`Q[M��LO�}~_"F��Z]T�f�K%\ }�ZsM"J'}~X[MA\JWtO9g�MAT�M)eLOYMNf W�_bTPZjebh]_�Z]ebW8c�g¯_JXp}�_�lDKAa±Q[MNKjf WPZ²O®Zjl¶M }�Z]\�	½e¿OuX[Z]\
WPZ f�K�aUGJ!�Z%g�MAqsMAT8c%W�_bM�X[T��L\LK�Q�TPMNOYeJQ[W�	½Z]T�W�_bM�OuX[hj\©Z
	dX[\ WPMATa	½MATPMA\¿}�M�X[\¶W�_bM/�¿\LK�Q�O®WtK%W�M�XpO�}�Z]\LORXrOYWPMA\ W
g�X[WP_ Z]ebTtO�G

�]X[\L}�M3WP_�MmM�k*�LMATYX[l¶MA\ W�O¯Xrf MA\JWYX 	½a K%\Lf fçXpO®WYXS\�h]eJXpO®_ }�MAT�W�K�X[\²}~_¿K%TPhjMD}�Z]l4�JX[\LKNW®X[Z]\LO�X[\±W�_bM
�L\LKAQ�OYW�K%W�Msc 	½ZjT/X[\LO®WtK%\L}�MscdXS\²WP_bM=}AK]OYM¶Z
	 .�. � c�WP_�MD}�Zjl4�JX[\LK%WYX[Z]\ .�(�. ( ' 5 +Rg�X[W�_ � P �¶ZjT
z � ���DP¹zA-�Z]T . ( .-5 ' ( +yg�X[WP_ ��P^� � ���@P ��
-�c]Zj\JQ[a3O®Zjl¶M¯Z
	dW�_bM¯WPM8TPl=OE_LKAqsM¯WPZ(�LM�}�Z]\¿OuXpfJMAT�MNf
K%W¯W�_bM�MA\¿fdG�� XSW�_@WP_bMD	½ZjTPlmeJQpKNM�h%X[qsMA\@K
�LZ%qsM�Z]\bMC}AKN\@fJMATYXSqsM�WP_�M�M�k6�bTPMNO�OuX[Z]\7	½ZjT�WP_�M9�i �LKNT®X[WYa
M�X[h]M8\LO®WtK%WPM�O�cLq]KAQnXrf�	½ZjT�K%T��JX[WPT�KNTPa@XrOYZsOa�JX[\^�¯K%\¿f ��� B

+ R.�.1' -
�

P � . + ��- R. +ab - ' +a�A- ) � R. +3�
- . +abA- ' +Y� - ! T � � T � �

g¯_bMAT�M � TPM"	½MATtO�WPZmW�_bMCO®W�KNWPM R.�.1' Gb�bZ]T�O#�LMN}~X ��}�}�_LK%T�h]MCO®WtK%W�MNO»Zj\bM�Z��bWtK�X[\LO�c 	½Z]T�X[\LOYW�K%\¿}�Msc

+ R.�.1' � �;P�z�ZjT`��� ���DP¹zA-
�

P\+ .�( R. ( ' 5 ) � R. ( .�(?' 5 - T � � T �

Z]T
+ R.�.1' � ��P ��� � � P ��
-

�
P\+ . ( . 5 ' ( ) � . 5 . ( ' ( - T � � T � 0


 �LZUOuX[W®X[qsM�2�LKNT®X[WYa9f ZsMNO�\�Z]W`\bM�}�MNOPO�K%TYXoQ[a�X[l�� QSaCWP_LKNWEW�_bM�X[\ WPMATa	½MATPM8\L}�MEX[\9W�_bM�T�MAh%X[Zj\mZ�	LZNqsMATYQrK
�
XpO�}�Zj\LO®W�TPeL}�W®X[qsMsGs�YW�f M��LMA\LfbO�cUX[\@KjfbfçX[W®X[Zj\�cbZ]\DW�_bM�O#�LKNW®XpK�QycbZ]T	l3Z]T�M�Oa�£M�}~X ��}AK�QnQ[aDZj\DWP_bM�K%\�h]eJQpK%T
g¯KAqsM1	½eb\L}�WYXSZj\�cdXyG MsGbX[W�O�O®a l¶l3MAW�TPa7	½Z]T�X[\JW�MAT�}�_LKN\bh]MmZ
	�W�_bM4�LKNTPW®Xp}~Q[MmX[\LfçXp}�MNO�GE��XShjebTPM��8x@O®_bZNg�O
O®Zjl¶MmX[\JW�MATPM�O®W®X[\bh }AKjO®MNO�Z�	 �	��� � � M�X[h]MA\LOYW�KNWPMNO�fJMN}8K�asX[\bhDX[\JW�Z .�. � G���_bMNOYM��¿K%WPW�MATP\¿O�}AK%\ �LM
eLOYMNf4W�Z^fJM�fJeL}�MmW�_bM© �LK%TYXSWYaK	½TPZjl WP_bMmZ'�LO®MAT�qsMNf)XS\ WPM8T#	½MAT�MA\L}�M4�LKNWPW�MATP\^X 	 �����HXpOÎV \bZNg¯\HZjT
K]O�O®ebl3MNf@WPZ;�£M�V \bZNg¯\�G

� 	¯W�_bM��L\LKAQãO®W�KNWPMDe�\LfJMAT�}�Z]\LORXpfJMAT�KNW®X[Z]\6XpO/\bZjWmK4�-M�XShjMA\LOYW�K%W�MscEW�_bM) M�XShjMA\LOYW�K%W�MNOmK%T�M
O®WYXnQoQÎeLO®M"	½e Q�ORXS\¿}�MH+XpOD}�Z]\¿O®MAT�qsMNf X[\�WP_�M^O®W�TPZj\bh±X[\JW�MAT�Kj}�W®X[Zj\�G � M^}�Zj\LOuXpfJMAT'K]ODKN\ M�k¿K%l;�JQ[M
�LKAXSTtO¶g�X[WP_�\bM8hsK%WYX[qsM^}�_LK%T�h]M@Z]\JQ[asc	_LKAqsXS\�h±XpO®ZsOa�JX[\ ��� ����P �����8�]c`XRG MsG . ( .-5 � . ( � .-5 � K%\Lf
. ( .-5 � � . ( � .-5 GL��_bMm-M�X[h]M8\LO®WtK%WPM�O�}AKN\��£M�}�Z]\¿O®WPT�eL}�W�MNf@K]O�K��LZNqsMsG

R.�. ��KAqsZ]ebT g¯KAqsM 	½e�\L}�W®X[Zj\LO � #
+ . ( .-5 ) .-5�. ( - T 
 b �� z �3b � 0D0D0
+ . ( .-5 � .-5�. ( - T 
 b ) � � �3� � 0D0D0

. � R. � ��KAqsZ]e�THg¯KAqsM 	½e�\L}�W®X[Zj\LO � & ) #
+ . ( � .-5 � ) .-5 � . ( � - T�
 b �8� z �3b � 0D0D0
+ . ( � .-5 � � .-5 � . ( � - T 
 b ) � � �3� � 0D0D0

��c



# . � �£K�qsZjebTHgãK�qsM2	½eb\L}�WYX[Z]\LO �
+ . ( .-5 � )/.-5�. ( � - T 
 b ) �
+ . ( .-5 � � .-5�. ( � - T 
 b ��

��ZNg-WP_bM8TPM9XpO�K%\bZjWP_bMATCOYMAW�Z�	¯M�k*�bT�MNOPORX[Z]\LO�g¯_JXp}�_4XpO�eLO®M]	½eJQ	g¯_bMA\²fJMNKAQnXS\�h)g�X[WP_ \bMAebW�T�KAQ
. O�G¨��_bM3M�X[h]MA\LOYW�KNWPMNOmK
�£ZNqsM3g�MAT�M¶M�k*�bT�MNOPOYMNf)XS\²WPMAT�lDO�Z�	 . ( � R. ( c�g¯_JXp}~_ K%TPM3M�X[h]M8\LO®WtK%WPM�O9Z�	
WP_�MDOYWPTPZj\bh)X[\JW�MAT�Kj}�W®X[Zj\ �bebWC\bZ]WCWP_bM3l¶M�O®Z]\¿O9O®M8MA\9� a^WP_�MDfJM8WPMN}�W�Z]T8G���_bMDZ'�LO®MAT�qsMNfK�LK%T�W®Xp}~Q[MNO
K%T�M�WP_�M . � KN\Lf .  csg¯_JXp}~_@KNTPM�WPZ�KÎhjZsZ f)K
�*�bTPZAk X[lDKNW®X[Z]\^�6M�X[h]M8\LO®WtK%WPM�O�c K]O	M�k*� QrKAX[\bMNf;X[\DW�_bM
WPM�kbW8cbK%\¿f©WPZ=K4�£M8WPWPM8T�K��*�bT�ZAkJX[l=K%W®X[Zj\H��� M�X[h]M8\LO®WtK%WPM�O�G��¿ZjT¯Z]ebT5�bebT��LZsO®MCg�MC}AKN\)eLOYM

� , � ,
.  � . " P\+ . ( ) R. ( - T 
 b �� �8� ) �
. � � . 
 PW+ . ( � R. ( - T 
 b ) � �8� �8�

��_bM . " _LKjO�M�kbZjW®Xp}(�seLK%\ WPe�l \ ebl4�LMAT�O � � � P z 5 5 �A�bebW¯\bZ�fJM"�L\bM�f;XpO®ZsOa�JX[\�G��¿ZjT��LKAX[T�O
Z�	�\bMAebW�T�K�Q . O�Zj\bM&�¿\LfbO¯WP_bM(	½Z%QnQ[ZNg�X[\bhDXrf MA\JWYX[W®X[MNO@�Ja@OYe*�LOYW®X[WPebWYX[Z]\�B

� P ) � . ( R. ( ) R. ( . ( .  .  � . � . �
� P �8� . ( R. ( � R. ( . ( . � .  � .  . �

�YW�O®MAMAl=O	K]O`X.	�g�M�_LKAqsM¯WPZsZml=K%\ a9W�MATPl=O`_bMATPM�OuX[\L}�M�MNKj}~_;�LKAXST5+RMsG hbG .  .  -�XrO`X[\¶X[W�O®M�Q.	¨KAQ[TPMNKjfJa
K%\^M�XShjMA\LOYW�K%W�MmZ�	¯��cLMNKj}~_��LK%T�W®Xp}~Q[M4�LM�X[\bh@K©��M�XShjMA\LOYW�K%W�MsG�!�ZNg�MAqsMATAc OYe*�LO®WYX[WPebWYXS\�h)WP_�M/X[\JqsM8T�O®M
TPM�QrKNW®X[Z]\¿O

. ( P + .  )/. � - 
 b
R. ( P + .  � . � - 
 b

X[W�}AK%\��LM�OYMAMA\DW�_LK%W@�LZ]W�_@WPMAT�lDO�K%TPM�\bM�}�MNOPO�K%T�a¶W�Zm}AKN\L}�M�Q �LK�X[T�O�g�X[W�_^fJZje*�JQ[MCO®WPTtK%\bhjMA\bMNO�O�cJQnX[VsM
. ( . ( G


�O�KN\±M�kLKNl��JQ[Msc�}�Zj\LOuXpfJMAT�W�_bM�L\LKAQ�O®WtK%WPM . � .  '
( 	½ZjT�KD\bMAebW�T�K�Q . R. � �¿K�X[TCfJMN}AKAasXS\�h

WPZ3\bMAe�WPT�KAQ . O�GL��_bMm��M�XShjMA\LOYW�K%W�MNO�K%TPM

� P ) � . ( R. ( � � R. ( . ( � . � . � � � .  .  �
� P �� . ( R. ( � ) R. ( . ( � .  . � � � . � .  �

g¯_bMAT�M . �
� �  

XrO¯OY_bZ]T�WP_LKN\LfI	½ZjT . ( + R. ( -	fJMN}8K�asX[\bh9W�Z . � �  '
( g�X[WP_ K%\bhjeJQpK%T�l¶Zjl¶M8\JW�ebl � P �jG

�]X[lmXoQpKNT®Q[asc 	½ZjT . � R. � �

� P ) � . ( � R. ( � ) R. ( � . ( � . � � . � � � .  � .  �
� P �� . ( � R. ( � � R. ( � . ( � . � � .  � � .  � . � �


�hUK�X[\�c�M�K]}�_�WPMAT�l X[\�WP_�M^T®X[h]_ WPi½_LK%\¿f�}�Z%Q[ebl3\�XpO@K � M�X[h]MA\LOYW�KNWPM²K%\Lf�WP_bM²fçX M�MATPM8\L}�MNO@K%T�M
\bMN}�MNOPO�K%TPa3XS\ Z]TtfJMAT�WPZ3}AKN\L}�M�Q�fJZ]e*� QSM3OYWPTtK%\bhjMA\bMNO�O»W�MATPl=O�G

<�� �)2^0�5 "�,�>)$@,�*�,�2)(;.
�^g�XpO®_ W�Z�W�_LK%\bVÀlma-}�ZjiROYWPeLfJM8\JWtO±KN\Lf }�Z]i½WPM�K]}�_bMAT�O�c�K%\Lf K
�LZ%qsM K�QnQ@W�_bM6Z]TPhUK%\JX CAM8TAc

w�KAqsXrf���ebh]h�c�	½Z]T�K;qsM8TPa=O®W®X[lmeJQpKNW®X[\bh@KN\Lf©MA\ FPZ%a K
�JQ[MCO®ebl3l¶M8T¯OP}�_bZsZNQRG

���



B4� � � �A���1��J�
�.�]!C
9Gb�`KAXpO�c��»X[M�QpOD��Zj_bT�= O�W®X[l¶M�OD+P�`QpK%T�MA\LfJZj\ ��T�MNOPO�cd�¯k�	½ZjT�fdcU�8|]|��
-�G
� b
!C��GI�¯Gb�`Q[ZsO®MUcL
�\D�Y\JW�TPZ fJe¿}�W®X[Z]\@W�Z4�seLK%T�VbO¯KN\Lf¶QSM��bWPZj\LOD+Y
�}8K]fJMAlmXp}��`TPMNO�O�c��dZ]\LfJZj\�cU�A|s{N|A-�G
� �
!C�`G�F)Z]\ W�KN\bMAW�MAWÎK�QyGSc1�¯MAqçX[MAg-Z
	@�LKNTPW®Xp}~Q[M;�bTPZ'�LMATPWYXSM�O�c1�`K%T�W®Xp}~Q[M=w�K%WtK �T�Z]e*��c1�`_ abO�G��»M8qdG

> ��� +3�A|j|�cG-1���N{
�JG
� c'!m�LG£��V e*�LZbc���_ a�O�GL�dMAW�WAG � + �A|'��� -����'��>

9Gd�Lg�M�X[hbcL�¯M��LZ]T�W���������iy�¯!Dc*��b�+3�8|��
c�-3>
��G �RXDC8ebVjKJcL�`TPZjhbG���_bMAZ]T8GL�`_Ja�O�Gd�se6�*�JQyG � � +3�A|'���A-@bG�]G

� �
!m��GL
�lDORQ[MAT�MAW�KAQyGSc���_ a�O�Gb�dM8WPWAGL� �)�)� + �A|j|�c�-/bç{]{UG
� �
!C�»GL
�VsMAT	MAW�K�QyGSc���eL}�QRG �Y\LO®W�TPebl GLF)MAWP_�Z fbO¯< � � � +3�A|j|�bA-5�]| G
� {�!m��Gd�LMAlDKj}~_�cJ�`_ abO�GL�»M8qdG 	 � �)� +3�A|'��cG-1��bjz���>bXC�JXpfdG 	 � ��� + �A|��'� -ã|ç{Uc �8z]|JG
� x
!CFHG � K]}�Z��^KN\Lf4CGn��G�� Xr}�V�cb
�\b\�GL��_ a�O�G +u�/� 
&- � +3�8|��]|A-@csz
cbG
� |
! �-Gb��K%T®X[WtKDK%\Lf��LGd� }�_Jg�X[\bhjMATAc���_ a�O�GL�¯MAqdG ��� +3�A|
c*�
-@�G�]G

�.�8z�! �mGb��XnQnXC�*�JX[\JXyc1
9Gb�bZj\JWtK%\LK cLK%\Lf 
9GL�»ZjWPZj\LfçXycd�`_ abO�GL�»M8qdG�> � � +3�A|j|��A-5b�b
cJ{sG
�.�'�"!3�LGI�9GL�	_Je�\bhbcL�`TPM��bT®X[\ W5�¯���?F*)��� |�c�FGb'bJc�OYe*�blmXSW�WPMNf@WPZ=�`_Ja�O�G��»MAq�GbwCG
�.��b�! �LGIFHG*��QpKNWPW�K%\¿f �mG�� M�XpOPOYVsZ���	�cL��_bM8Z]TPM8W®Xp}AK�Q1\ eL}~Q[MNKNTD��_Ja�OuXp}AOD+�� XoQ[MAaUcd��M8g���ZjTPV�cU�A|'��b -tG
�.����! �LGIw9G � K]}�VbOYZ]\�cL��e�Z%qsZD�`X[l3MA\ WPZ � � +3�8|���cG-(����c'cbG
�.�]c�!��/G �9Gb��K%_b\ K%\Lf �EG ��Gb��K%\¿fbO®_bZ
M¨c���eL}~QyGL�`_ abO�G�	 � � � +3�A|jx��A-@cA�G�]G
�.����!C��G �LGI��G 
»X[W�}�_JXpO®Z]\�cd��e¿}~QyGb�`_Ja�O�GL< ����� + �A|ç{ b - c*�N{sG
�.����!3��GL
�lDORQ[MAT�MAW�KAQyGSc���_ a�O�Gb�dM8WPWAG�	 � � � + �A|j|�� - cAb�� G
�.�N{�! �mG �mG 
�\ XrOYZNqçXp}�_©M8W�K�QyGSc��`_Ja�O�G��»MAq�GL> ��� +3�8|]|
c�-��A|ç{ b�>

w9G �mG6��ebh]hmM8W�K�QyGSc��`_Ja�O�G��»MAq�Gb> ��� +3�8|]|
c�- c�c*��bJG
�.�8x�!3��GL
�lDORQ[MAT�MAW�KAQyGSc���_ a�O�Gb�dM8WPWAG�	 � ��� + �A|j|�c�- cA���jG
�.�8|�!3��GL
�lDORQ[MATAc���GI�¯G£�`Q[ZUO®Msc��`_Ja�O�GL�dMAW�WAG�	 � � � + �A|]|'� -5�jx�� G
� bjz�!�w9GL
�O®W�Z]\@MAW�KAQRG[cL��eL}~QyGL�`_ abO�G�	 ���U� +3�A|jx]xA-5��b'�JG
� bG�"!��`Gd�TtKAaDMAW�K�QyG[cL��_ a�O�GL�¯MAqdG�> � � +3�8|]x��A-5�]zs{sG
� b'b�!�!9GI�1Gbw»X[MAW=CscL�`_Lw�WP_bMNORXpO�c���\JX[qsMAT�ORX[W®a=Z�	�F)eb\JXp}~_ �8|]|�c�G
� b'��!��9GI
9G ��vZjTP\L�sqçXpOYWAc��1Gb�`_Ja�O�G$� ��� + �A|]|'� -5�
cJ{UG
� b
c�!��EG*�¯KAXnQoQ[Zj\±MAW�KAQyGScL��ebZNqsZD�`X[l3MA\JW�Z ��� < +3�8|��ç{'-5�]|'�JG
� b'��!�
9G*��X[TPl=K%\@MAW�KAQyG +uF^�ã�6-�cL�`_Ja�O�G��»M8qdGL�dMAW�WAG � � + �A|jx]x -����'�ç{UG
� b'��!3�1G*�¯K�X1M8W�K�QyG +uF^
�� #Î���P�3-�c �`_ abO�GL�»MAq�Gb�dM8WPWAGL�'�I+ �A|j|]z - b��jzç{UG
� bs{�! �LG iy�»G�
�ebhjeLO®WYXS\^M8W�K�QyG$+Yw�FKbA-�cL�`_ abO�GL�»MAq�Gb> � � + �A|j|�b - �A|��G�]G
� bjx�!���GI
9G�
�TPl=O®W�TPZ]\�hmMAW�K�QyGU+ � 
/{ � -�cd�1G��`_Ja�O�G$� � � +3�8|]|'b - b]|JG
� bj|�!�w9GL
�O®W�Z]\@MAW�KAQRG[cL�`_Ja�O�GL�dMAW�WAG�	 ���U� + �A|]xjx -5�s{
� G
� �jz�!3��GL
�lDORQ[MAT�MAW�KAQyG +��	TPa�O®W�KAQ:�¯K%T�TPM�Q	�	ZNQoQpK
�£ZjT�KNW®XrZj\$-�c1�`_ abO�GL�dMAWPW8G 	 � ��� +3�A|j|��A-@�jx]|JG
� �G�"!�
9G*��MAT�W®X[\@MAW�K�QyGU+P���¯�	�d��	 �	Z%QnQpK��LZ]TtK%WYXrZ]\ -�c1�`_Ja�O�GL�dMAW�WAG�	 � �U� + �A|]|'� -1�8xç{UG
� �'b�!C��W�_LK%\�V4��Gd�Le6�LK%\L}�Xr}(	½Z]T¯_bM�Q � XS\�hDl¶MÎK%W�WP_JXpO@�£ZNX[\JW�K�	½WPMAT�K/Q[Zj\bh7�LKNWPW®Q[MCg�XSW�_^ORXShj\LO�G
� �'��!��9G*�¯KNT�K]OY_)MAW�KAQyGScL�`_Ja�O�GL�¯MAq�G 	 � ��� + �A|��'� -1�����j|JG
� �
c�!��/G 
�T�l¶MA\ WPM8TPZsO¨K%\Lf7��G �bTPM8\L}~_�cb×rÓm!»X[h]_=MA\bMAT�h]a4�b_ abORXp}AO�c MNfdG �¯GI!9Gn�LGA��ebT�_bZ���+u
�}AKjfJMAlmXr}

��T�MNOPO�cL��MAg��	Z]T�VdcL�dZj\LfJZj\�c �8|��j| -�G

���


