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

%'&)(+*-,/.0(�1+2435&+6�7-398:7�;<8
*�&>=@?�A!AB1-,$1C2ED$F�.0F

��G�H I4J�G�K�L�MNGPOQO

R OTSVU�W UYXTU�I5ZXQ[�\�UY[]GQ^�H _�Oa`bXQO�ced�_�[fOQgQ^ThiSYWjL�kl
$O�W m�_�[0SnW UnZGiUo	�pqOQOQk�r)`����s���i�t	�pqOQOQk
u$_�[vMwGPOTh



� �������	��
 �


 
��������������������

�����! #"%$&"('*),+-$.�#�("0/1"%243#57685�)0'9$.�#�(:<;>=?=A@1/B"%2C5D$>"%$.�(E��F+G�H$>"0IJ�F/�'K+.),LM�N6PO,�?$Q+GR#/TSB�F+G6P)? #5QR15D6P/#O
$.�#�VUF�N+G)%WJS#+.),/�O�$G+.6PO,OX�F+ZY\[]/^", # _6P$G64),/^E��!$G)J)XI` �"%$&"T ?R#+.6P/#OT)?ab$G)Xc1�F+bdF/�)%eJ�FLVcB�F+!fFgXg,h	E-6P$G��"
5DS1�%ab68"02C57)0'K$DE-"%+.�($G+G64O,OX�F+-6P/T)X+> ?�N+-$G)i�F/#�1"0/1ab�j$G���k5D$>"0$G685D$G6laF5�)%'m$G�#�(: ; =?=A@1/B"%2n5D$>"0$G�oY

p��Z'K)X+G�TI?6P/#�NLq"0$G6la(@1$.$G6P/�Or$.�#�� #"0$>"^E��F+.�	5DR#c#sD�%ab$G�% �$.)�"tS#+.�%57�N2P�%ab$G64),/uE-��68a&�u�F/15DR#+G�05V"
+&"%$.�#�F+vab2P�%"0/T #"0$>"NWw5D�F$v)0'9x!y{z9|QWJ�Feo�N/?$>5}Y�~J�FeJ�F+&"%2�abR#$&59E��F+.��"0S#S�2P6P�% iE-�#6la>�T"0+G�("X5�2P685D$G�% ��]5D�F�
"02857)����X�K�&�

� �Neo�F/?$&5{E-6P$.�T+G�%576l ?R1"02Ca&�1"%+.O,�0 ��Neo�N/?$>5{E��F+G�j+G�.s7�%ab$.�% �Y
� +.�%�JR#6P+.���N�#",ab$.2P3�xiy{z9|H5
� aZR#$-�FeJ�F/?$>5{E-64$G��y{z9|H5v64/qaZ+G3#57$&"%2�$D3?S1�!��fNh
� L�6P/�6PLVR�L��F/��F+GOX3V)0'9$.�#�(ab�F/?$G+&"%2�ab+.3#57$>"02��1"X5-$G)Ac1��f ?n� �F�
� +.�Gs7�0ab$v57S#246P$7WJ)%���FeJ�F/?$>5{E-6P$.�T$G�#�!~ �t�H� �{WJS1",a&IX"%OX�T���X�
� "0S#S�+G)%�?64Lq"0$G�H�F/#�F+.O,3JWJL�),L��F/?$GR�L�ab)X/15D�F+Ge,"0$G64),/

f%� ?�?n� �N�����Q�P�*�\��� ?,��?n� �F� � �¡ �P�*�G�?¢£f ?�?n� �F�%¤8¥ �.f,Y4f%�

�C"0c#24�AfXYPfHOX6PeJ�%5-"0/�)%eJ�F+.e?6P�FE�)0'9$.�#�( #"0$>"A+G�% ?RBab$G64),/i'K)X+v$.�#�jUF�F+G)0WoS�+G)X/#OV$.+G64O,OX�F+G�% T �"%$&"wY

�



�� � �� �� �� � � 	� 
� � � � � �� � �
 � �� �� � 
� � � � �� � 
� � � �� � � � �� � � � �� �

� �� � � � �� � � � � � � �� � � �� � � � � � � � � � � � � �

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

�� � � �� 
 � � � �� � �� � �) + ( �+ ( ( � �� - ( �- � � � � �) *) �- ) �- , * � * �+) *+ * � �� ( ( � � � �- � ( *+ * �) �) - � � �

� � � ��� . � �/ ( 01 �� +- � *,) + ( �- - � , � �+ + � +- ( (- � � � ( � , � + ( ( , � � +- ) + � , +- - � + + - �( , * � *

	 � � � � � � �� 2 �- �� � ( � � + � � � �� ( � �� ) � + � � ( �, , , + *�- +- � ( � � + � �� �, � �� � , + + ( �- ) , ,

	� �� �� 
 	 � �� � � 
 � �� � � �3 �� � � 4 �� , �� � �) ( � + � ) , + �- - � � ( �- � , * � �, � + + � , , , � � � *+ ( �, , , (- +- * � * � �

5 #67 8!  9 &� � � � �� � � � � � � � � :; �,) ) ( � �- , ( � � ) ) , � +) �� *) �) , � � + ( � + �( + +- �� �- � � �(- � � � + + + �- ( (

� � � � �< � 
� � � � �� � � � & �+ � ( � � �� � �) � - ��- �- �) � * � + *) - ( , + �( � � *+ �) - , �- �+) , � * �( *) ( ( ,


 � 
 � �� � 
 	 � �� � �� � � � � �

�C"0
c#2P�(

f,Y4f>
=@?B

ADCF
EGCIHK

JMLONQ
PSRT

NUADCB
VWEG
CIHXCI

LYC[Z\
NU]^P\

_`JM
Ha]b_>

cdNU
ADCf

e'CGEg
P'hXVW

EGPS_>
ciNj

Ek]lcm
cnCg
EGCXop

orq>
Nkqts\

uvRw
NkCgEf

q\LbLB
Z\Jx
NyH{
z|sb}�

~
P\R�

NUADC�
�@AD

P\L^C�
orq>

Nkqv
H[CKN�

EGCg��
q\]b_�

s

h



� �������	��
 �

� �C� ��� � ���m� � �T�������

� 'K$.�F+v$G���j28",5D$�5D$G�FS�)0'9$.�#�(S#+.�%57�F24�%ab$G64),/T$.�#�jE-�#)X2P�! #"0$>"�57�F$ 685�@B$G$G�% 	I?6P/#�FLT"0$G68aF"02P2P3JY��#)X+v$.�#685
S#R�+GSB)o5D�!$G�#�(5D$>"0/1 #"0+> TS�+G)XO,+&"%L
	�p��
�n[7��E-"X5-R15D�% �Y����#�j'*),2P24)%E-6P/�O!�?3?S1)X$G���%57�%5�E��F+.�H@1$G$.�% =

�S#S � x�� ����	-�
�S#S � : ; : ; : ; �7��	-�
�S#S � : ; : ; = �7��	-�
�S#S � : ; =?= �7��	-�
�S#S � =?=?= �7��	-�
�S#S � :<;>:<;&=�� �7��	-�
�S#S � : ; =?= � �7��	-�
�S#S � ��� ����	-������� : ; �

� �wY4f%�

E-6P$.�t"0/?3�L��%5D),/T ?�%aF"N3?6P/#O(64/?$G)!$DE )iS#�#)X$G)X/15\=
:<;���� �!� ="�
� �!� =��#�$�#� � �wY �o�

������@B$ EQ6P$G��+G�057S1�0ab$9$.)%���u6l5  _),/���c?3A$>"0I?6P/#O!$.�#�� _�%aF"F3iL�)w _���&� : ; �TE-64$G�T: ; �$�#� 6P/?$G)
"XaFab),R�/?$ZY

| R#�!$.)�$G�#�iab),Lic#6P/1"0$G)X+G6laF5-)0' $.�#�Vx��^@1/1"0295D$>"0$G�i),/#�A�FeJ�F/?$�aF"0/�@1$jLT"0/?3��?3?SB)X$G�#�%5D�%5j"%$
)X/1ab�oY_���#�F+.�b'K)X+G��"0/��FeJ�F/?$C685�"0$G$.+G6Pc#R�$G�% A$G)j$G���v�?3?SB),$.�#�%576l59EQ6P$G�i$G�#� �#6POX�#�%5D$ ab)X/?@� _�F/1ab� 2P�FeJ�F2 Y

[]/i)X+> ?�F+{$G)!5DS1�F�0 VR�SV$G����I?64/#�FLT"%$.68a�@1$G$.6P/#O(S#+.)?ab�% ?R#+.��5D),L��vLT"X5G5mE-6P/1 _)%Ev5{E��F+G�v5D�F$��]5D�F�
$&"%c#24�!�wYPf0�>YB� �#685-L��%"0/15{$G�B"%$ �Feo�N/?$>5{�1"Fe_6P/#O�"%/�64/?e,"%+.68"0/?$��#��WoLT"X5G5�)XR#$&5768 ?�!"ALT",5.5�E-6P/1 _)%Ev5
E��F+.��/�),$ S1",5.57�% T$.)!$.�#�jI?6P/#�FLT"0$G68a @1$ZY

��)�"Xa&�#6PeJ�('�"0$�ab)X/?@� _�F/1ab�T2P�FeJ�F2- _6857$.+G6Pc�R#$G6P)X/�"0/1 Oo"0R15G5D68"0/ 5D�1"0S1�% �S#R#24285!5D�Feo�N+>"02-�F+G+.),+
5.aF"%2P64/#OJ5-E��F+G�j$.+G6P�% A'K)X+v$.�#�( ?6 �<�F+G�N/?$-+GR#/TSB�F+G64)w �5}Y<�����kaZ),+.+G�%ab$.6P),/�']",ab$.),+&5-E��F+.�k5D�F$-E-6P$.�T$G�#�
+.),R#$.6P/#�(p)	��-�*�k~ ���X��"0/1 �$G�����-���(~oWoc1"0/#I����X�]Y?[]/�$&"%c#24���?Y �($.�#�j5GaF"02P6P/#Oj']",aZ$G)X+>5�E-�#6la&��E��F+.�
R15D�% �"0+G�j2P685D$G�% <Y

��6POXR#+G�{�wYPf 57�#)0Ev5�$G��� ab)X/?@� _�F/1ab�m2P�FeJ�F2, ?6l57$G+.6Pc#R�$G6P)X/v'*)X+C$G�#�m�?3?S1)X$G���%57�%5�: ; =?=v"0/1 H@1OXR#+.� �?Y �
5D�#)%Ev5{$.�#�vS#R�2P285�'K)X+{$G�#� $G�#+.�F�vI?6P/��FLq"0$G6la9�JRB"%/?$.6P$G64�%5n5DR#S1�F+.6PL�S1)J57�% AE-6P$.��"HOJ"%R15.5768"0/�'KR�/1ab$G64),/�Y
������OJ"%RB5G5D68"%/	'KR#/Bab$G6P)X/� ?�%5.ab+G6PcB�%5{$G���� ?6l57$G+.6Pc#R�$G6P)X/�+>"0$G�#�F+-E��F2421E-64$G��"!5D$>"0/1 #"0+> � _�Fe?68"0$G6P)X/�)%'
+ f "%/B T"!L��%"%/�eX"%2PR���)0' + ? �F�#ab�FS#${'*),+-, �VYB���#�j�F�#"Xab$-e,"02PR#�05-"%+.��OX6PeJ�F/T6P/T$&"%c�2P�(�wY hwY

�����-� ��6P/?eX"%+.68"%/?$�LT"X5G5�57SB�%ab$G+.R#LM6l5 5D�#)%EQ/�6P/i@1OXR#+G�(�?Y h(E-64$G�rf � �F/?$G+.6P�%5{S1�N+-�FeJ�F/?$ZY�. /#�
)Xc157�F+.eJ�%5C"0/V"%S�S1"%+.�F/?$9: ; Ww5D6POX/1"%2B"%/B !=XWw5D6POX/1"%2]Y � '*$G�F+�+G�GsD�%ab$G6P/�O-$G�#)J57��� �#W?ab)XLVc#64/1"%$.6P)X/15�E-�#6la&�
ab)XLVc�6P/#�v$.)�"i:<;-)X+�=i$G�#�(=��B685-ab2P�%"0+G243V57�F�N/ Y

�



: ; = fNh � � x � � �F�b¤8¥��
= = � �w� � � � � �F�b¤8¥��
� = ���,� � � � � �F�b¤8¥ �
= � =�g � � � f ?�? � �F�b¤8¥ �

�C"0c#24�k�?YPft=�� qSHaH �@]b_DoxPm�fH N P{VWEGCIHXCILYC[Z\N�C��'CI_ NyH RyP'EvNUADC��|]b_DCg��q>NU]^Z	�BN

+.R#/�SB�F+G6P)? �F/��F+GOX3 
 �

| �%ab�FLic1�F+vfFg��,g ? Y ? ��� fXY � fXY �
�XR#/#�VfNg,g ? ? Y ? ��� fXY x fXY x
�XR#2P3tfNg,g ? ? Y ? h ? fXY x fXY x
~J�FS�$G�FLic1�F+vfNg,g ? ? Y ? ��� fXY h fXY h

 )%eJ�FLVcB�F+ fNgXg ? ? Y ? �Xx fXY � fXY �
� "F3tfFgXgwf ? Y ? �Xx fXY x fXY �
�XR#/#�VfNg,g?f ? Y ? �Xx fXY x fXY �
� R#OXR157$(fFgXgwf ? Y ? ��� fXY � fXY �

�C"%c�2P�(�wY ��=��FP'EaEGC[Z\NU]^P\_ Ryq|Z\NkP'E HfRyP'EvNUADC��|]b_DCG��qtNU]^Z��BN

0

500

1000

1500

2000

2500

3000

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Konfidenzniveau (π0ηη)

E
in

tr
äg

e/
0.

01

��6POXR#+G�j�wY4f>=
�FP\_��DorCa_DZ[C L^C��'CILTom]bHKNjEk]��rJrNU]^P\_�RyPME NUADC
A��MV@P>NUADCaH[CaH��������

�



0

2000

4000

6000

8000

10000

12000

14000

16000

18000

-4 -3 -2 -1 0 1 2 3 4
Pull(Θ)

E
in

tr
äg

e/
0.

1

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

-4 -3 -2 -1 0 1 2 3 4
Pull(Φ)

E
in

tr
äg

e/
0.

1

0

2000

4000

6000

8000

10000

12000

14000

16000

-4 -3 -2 -1 0 1 2 3 4
Pull(√E)

E
in

tr
äg

e/
0.

1

�C64O,R#+.�(�wY ��=�� ]bHKNjEk]��rJxNy]YPS_ P\R NUADC VfJML"LbHvRyPME NUADC�NUA�EGC[C �|]b_DCG��qtNU]YZ��rJtq\_DNU] NU]^CaH����	� q\_Do�
 � RyP'E	� � ���

�
�� ��� �
�� ��� �
	� � ��� �
: ; =?= ? Y ? fN� ? Y g ��� ? Y ?�? f ? Y g �Jx ? Y ? �Jf fXY ? h,h
�C"0c#2P�(�?Y hn= � C[q\_`q\_Do H\Nkq\_Dorq'EGo orC��\]^q>NU]^PS_`P\R@NyA C VfJMLbLbHKs

0

1000

2000

3000

4000

5000

6000

x 10 2

0 200 400 600 800 1000 1200 1400
m(γγ) [MeV/c2]

E
in

tr
äg

e/
4[

M
eV

/c
2 ]

0

10000

20000

0 500 1000 1500
m(γγ) [MeV/c2]

E
in

tr
äg

e/
4[

M
eV

/c
2 ]

0

20

40

60

80

100

700 800 900 1000 1100 1200
m(γγ) [MeV/c2]

E
in

tr
äg

e/
3[

M
eV

/c
2 ]

��6PO,R�+G���?Y h�=����BhM]"_ �\q'E ]YqS_ N���q\HaHQHyVfC[Z\NjEXJm��������Z[P'� �']b_Dq>NU]^PS_xHDVfCgE�C��'CI_ N��Ss ?WA CFEk]lc>ADN �tc JmEGC@HaA Pm�fH{NUADC
� � hmEGC c>]^P\_`q\RkNkCgE EGC"!KCXZ\NU]b_tc C��'CI_DNUH �@Ax]^Z A Z[P'� �M]b_DC�NkPiq ��� PME NkPpq\_ ��s

x



[]/T$&"%c�2P�!�?Y �V$.�#�(/?R#Lic1�F+�)0'9�FeJ�F/?$&5{@1$.$G6P/#Oi�%"Xa&�q�_3?S1)X$G�#�%5D�%5v"0+G�(OX6PeJ�F/TE��F+G�("Tf��kWwabR�$�64/
$.�#�(ab),/_@� ?�F/1aZ��24�FeJ�F2� ?6l57$G+.6Pc#R�$G6P)X/T685-"0S#S#246P�% �Y

�?3?S1)X$G�#�057685 � �FeJ�F/?$>5
� 	����C64$ f �Jh � ? �Jx
: ; : ; : ; �Xh,g��oh��
:<;>:<;b= h��ogJ�ofN�
:<;>=?= � h,�X�,h
=?=?= h,gX�,g
: ; : ; = � � ? �X�%g
: ; =?= � xwf ��?
��� hXh � g �

�C"0c#2P�(�?Y �D=��vCIHKJML N�PSR@NUADC��m]"_DCg��q>NU]^Z	�BN

����� :<;b:<;>:<;n"0/1 (:<;&:<;>= @1/1"02#57$&"%$.�%5C"0+G��$G��� 5D$G+.),/#OX�%57$m),/��%5}YX����� a&�1"0/#/#�N2w:<;&=?=jab),/?$.+G6Pc�R#$G�%5
E-6P$.��h ? g � �A�FeJ�F/?$>5{"F'*$G�F+�+.�%�JR#6P+.6P/#O("�f ? � aZ),/?@B/1 ?�F/1aZ��2P�Neo�F2BabR#$-"X5�E��F2P2�"X5-"�f��jWJeJ�F$G)($.)($G�#�
ab)XL�S1�F$.6P/#O-�?3?SB),$.�#�%57�05}YX���#��2l",5D$nabR#$C6l5�+G�%�JR�6P+G�% H6P/j)X+> ?�N+C$G)H+G�% ?RBab�9cB",a&I?OX+G)XR#/1 <YX[]/j@1OXR#+G�-�?Y �
5D�#)%Ev5 $G���k: ; =?=�|H"02P6P$.U�S#24),$ )%'n$.�#�jR#/?$G+.6POXO,�F+.�% T #"0$>"i57�F$FY

600

800

1000

1200

1400

1600

x 10 3

600 800 1000 1200 1400 1600

x 10
3

m2(π0η) [MeV2/c4]

m
2 (π

0 η)
 [M

eV
2 /c

4 ]

��6POXR#+G�j�wY � =
� _DNjEk]lc|c�CGEGC[o � �����>h ��q\Lb] NUe V�L^P>N

�



� �������	��
 �

� � �M����� � � 
��C��� �i����� �C���

[]/i),+& ?�F+{$G)(OX6PeJ�v"0/V�%5D$G6PLT"0$G��)%'C$.�#�v�N�?S1�%ab$.�% (c1"Xa&I?O,+.),R�/1 Vab)X/?$G+.6Pc#R�$G6P)X/
	 � ),/?$.�bW 	�"%+.2P)!5764LVR �
28"0$G64),/15 )%'95D),L��HS1)X$G�F/?$.68"%2<c1"Xa&I?O,+.),R�/1 �a&�1"0/#/#�N285{E��F+G�j ?),/��oY����#�%57�jE��F+.��5D),L�� � �BW�	�x �BW�"0/1 
� �1WX@1/B"%2�57$&"%$.�%5}Y � /��FeJ�F/?$vE-6P$.��@1eJ�!S#�#)X$G)X/15(ab)XR#28 c1�iL�68576l ?�F/?$G6 @1�% T"X5�"Tx��BWo�FeJ�F/?$H ?R#�i$G)
5DS#2P6P$DWo)0� 5bY � � ��Wo�FeJ�F/?$�ab)XR#28 iab),/?$.+G6Pc�R#$G�H ?R#�v$.)!"0/qR�/1 ?�F$.�%ab$G�0 !57)0'K$-S��#),$.),/�Y#[ /V$&"%c#24��h?YPf $G�#�
a&�1"0/#/#�F2l5�E-�#68a&��ab)XR#28 TaZ),/?$.+G6Pc#R�$G�j"%+.�j2P6857$.�% �Y

OX�F/#�F+&"%$.�% i@1/1"02n57$&"%$.� /?R#LVcB�F+{)%'{O,�F/��F+>"0$G�% ��FeJ�F/?$&5
:<;&:<;}:<; � ?�?�?�?
: ; : ; = � ?�?�?�?
: ; =?= � ?�?�?�?
=?=?= � ?�?�?�?
:<;b=�� � ?�?�?�?
: ; : ; � � ?�?�?�?
: ; � x ?�?�?�?
=�� � ?�?�?�?
� � � ?�?�?�?

�C"0c#2P�(h?YPft=
� �'CgE �\]^C\� P\R�NUADC�cnCI_ CgEGq>N CXo � P\_DNkCGh���qMEkL^P'h>C��\CI_ NUH

������OX�F/#�F+&"%$.�% i�Feo�N/?$>5{S1"X5G5D�% �$G�#�j5G"0L���"%/B"%243#57685-a&�B"%6P/T"X5�+G�%"02� #"%$&"!���#�j�F�?SB�%ab$.�% !c1"Xa&I �
OX+G)XR#/1 �ab),/?$.+G6Pc�R#$G64),/�685-OX6PeJ�F/�6P/T$&"%c#24�kh?Y �?Y

� 5(�F�?SB�%ab$G�0 �$G�#�TcB",a&I?OX+G)XR#/1 � _R#��$.) � � a&�B"%/#/��F285! _)o�%5i/#)X$�ab),/?$.+G6Pc�R#$G�
	�cB�%aF"0R157��64$!685
5DR#S#S#+.�%5G5D�% �c?3t~ ����� ��Y<�����(c1",a&I?OX+G)XR#/1 �$.)V$G���V:<;>=?=Ta&�B"%/#/��F2C685Q�%57$G64Lq"0$G�0 �$.)�c1� + ��� � �
"0/1 ^685j ?)XL�64/1"0$G�% �c?3t$.�#��a&�B"%/#/��F29: ; : ; �vYC| �%57S�6P$G�A$G�#��f��kWw"0/?$G6labR#$($G���!@1/B"%2�57$&"%$.�q: ; : ; : ;
ab)X/?$G+.6Pc#R#$.�%5 E-6P$G� ? � � ��Y<[*'9)X/#�i+G�b'*R157�0 T$G)�"0S#S#2P3T$.�#�qf��jWJeJ�F$G)�$G)�$.�#�V: ; =?=T�?3?S1)X$G���%57�%5�	B$G�#�
/?R#Lic1�N+C)%'��FeJ�F/?$>5\E�),R#2l (6P/1aZ+G�%"X57�-$.) �#fF�Xh?f�	wc#R#$�"%${$G���-�F�?SB�F/157�-)0' "HcB",a&I?OX+G)XR#/1 iab),/?$&"%L�6P/B"��
$.6P),/T)0'9$.�#�H),+& ?�F+-)0'9� � ����� �&Y1� �#685CsDR157$.6 @1�%5 $G�#�j"%/?$.68abR#$FY�[]/�@1OXR#+G�(h?YPfH$G���( ?6857$.+G64c#R#$G64),/�)0'n$G�#�
c1"Xa&I?O,+.),R�/1 ��FeJ�F/?$>5�685H57��)%E-/ Y\���#�F+.�(685 /#)T57S1�0ab68"02C+G�FOX6P)X/t)0' $.�#�(S#�B",57��57SB",ab�(eJ�F+.3�57$.+G),/�O,243
SB),S#R�28"0$G�% ��B64$-685�+&"%$.�#�F+�'�"0$ZY

�



6l ?�F/?$G6 @1�% �",5 : ; =?=
O,�F/��F+>"0$G�% � 	mW $G+.R#� +G�F28"0$G64eo�
@1/1"02n57$&"%$.� �FeJ�F/?$&5 �FeJ�F/?$&5 ab),/?$.+G6Pc�R#$G64),/
:<;}:<;&:<; � ��� � � � g � f ? � �
:<;}:<;&= fFh fNx,x � � � � f ? � �
: ; =�� � ?,� �Xh ? � � � � f ? � �
: ; : ; � �,x �0� ? � � h � f ? � �
: ; � f h f � ? � f ? ���
=�� � � f � x � f ? ���
��� fFh fNx � �Pf � f ? ���
�C"0c#2P�(h?Y ��=��	�SVfC[Z\NkCXo �>qmZ��McxEGPtJ'_DopZXPS_ NjE ] �rJrNU]^P\_

600

800

1000

1200

1400

1600

x 10 3

600 800 1000 1200 1400 1600

x 10
3

m2(π0η) [MeV2/c4]

m
2 (π

0 η)
 [M

eV
2 /c

4 ]

��6POXR#+G�jhwY4f>=

 q|Z �'cxEgP>JM_Do�o|]bHKNwEk]��xJrNU]^P\_ ]b_ NUADC � � ���
��qSL"] NUe{V�L^P>N

g



� �������	��
 �

� 
�� � � ��
�� � � ���t� ���u�

�����v$G+.6PO,OX�F+.�% V #"0$>"HE��F+.�-$>"0IJ�F/� ?R�+G6P/�O .Hab$.),cB�F+}d�
v)0eJ�FLVcB�F+9fFgXg,hkE-6P$G�i$G�#�H~J)%'*$7E-"0+G�bWJ$G+G64O,OX�F+ZY
�����($G+G64O,OX�F+-685- _�%5Gab+.6Pc1�% �64/q _�F$>"06P2�6P/����X�]Y

�����k"0/1"02P3#5D685-a&�1"06P/�'K)X+-$G���j$G+G64O,OX�F+G�% T �"%$&"!E-"X5-�F�#"Xab$G2P3i$G���k5."%L��j",5 'K)X+v$G����R�/?$G+.6PO,OX�F+G�0 
 #"0$>"?Y<�C"0c#2P�
�#YPfkO,6PeJ�%5{$.�#�j+G�F2P�FeX"%/?$Q/?R#LVcB�F+>5m)0'9$G���k �"%$&"!+.�% ?R1ab$.6P)X/ Y

R15D�% T$G+.6POXO,�F+.�% ��FeJ�F/?$>5 hX� � xo���,h
/#�FR�$G+>"02��FeJ�F/?$>5 hX�,h��,x�� �
�FeJ�F/?$>5{E-64$G�txXy{z9|H5 h ? �J�%���ox
abR#$Q),/�$73_S1�!��fNh �Xx,gXh �?f �
ab�F/?$.+>"02Cab+G3#5D$>"02��F/��F+GOX3�� f ?m� �F� �Xx,gX�,gXh ?
57S�2P6P$DWo)0�`5DR#S#S#+.�%5G5D6P)X/r~ �t�H� � �Xx � h �Xg �
zm/#�F+GOX31dNL�)XL��F/?$GR#LiW?abR#$ ���ohXho�X�%�
��	mW,@B$�E-64$G� 	����jf�� fNg,gJ�%gXx,x
: ; =?=VEQ6P$G� 	����jf�� � �?fXfF� ?
:<;b=?=VEQ6P$G� 	����jf ? � "%/1 "%/?$.68abR#$ fFxXxXx,�?f

��"%c#24� �#YPft=���q>Nkq EGC[onJtZ\NU]^P\_`P\R NUADC NjEk]lcmcnCgEGCXo orq>Nkq HXC\Nas

�����kaZ),L�S1"0$G6Pc�6P2P6P$D3!)%'{$G���($7E�)V: ; =?=� �"%$&"�5D�F$>5Q685�eJ�F+G6 @B�% iR15764/#O�$G�#��� � L��F$.�#)? t�]5D�F�!"%2l57)
���X�*�>Y*�#)X+Tc1)X$G�  #"0$>" 57�F$&5q" |�"02P6P$.UtS#24),$TE-"X5�Lq"X ?�tab)X/15D6857$.6P/#Ou)0'��0�,x�ab�F2P285A)%'!LT"0O,/�6P$GR1 _�
�Jh,hXx ?m� �F� � ¤l¥ �
	 �Jh,hXx ?m� �F� � ¤8¥ � YB���#��� � ab),L�S1"0+G6l57)X/T$G)J),IT$.�#�! ?6 ���F+.�F/?$-/?R#Lic1�F+�)0'9�FeJ�F/?$&5
)0'v$G�#�i$7E�)� #"0$>"�5D�F$>5H6P/?$.)�",aNab),R#/_$ZY�[ $�+.�%57R�2P$G�% �6P/�� ��
 fXY ? ��S1�F+!ab�N2P2 Y<������ ?6 ���F+.�F/1ab�!)0'-$G�#�
$.+G6POXO,�F+.�% t"0/1 �$G���VR#/?$.+G6POXOX�F+G�% � �"%$&"�57�F$H6P/�$G�F+.Lq5Q)%'-57$&"%/1 �"%+& � ?�Fe?68"0$G64),/15(�Gf � �-6l5�5D�#)%E-/�64/@1OXR#+.� �#YPfXY � SB)o5D6P$G6PeJ�j576POX/T6P/B ?68aF"0$G�%5�"(��6PO,���F+��F/?$G+.3V)0'n$G����$.+G64O,OX�F+G�% � #"0$>"A6P/�ab)XL�SB"%+.6857)X/�$G)
$.�#��R�/?$G+G64O,OX�F+G�% � #"0$>"A"%/B �e?68ab�veJ�F+&5G"?Y#������ _6857$.+G6Pc�R#$G6P)X/T ?)J�%5�/#)X$-�F�?�#64c#6P$� ?685D$G6P/Bab$ 5D$G+.R1ab$GR�+G�%5
"0/1 ^"%2P2m�F/?$G+.6P�%5Q�1"FeJ�V"�eX"%2PR��!)%'�2P�%5.5H$G�1"0/�� h1��Y\���#�F+.�b'K)X+G�A$G�#�A$7E�)q �"%$&"T57�F$>5j"0+G�iab),L�S1"0$G6Pc�2P�
"0/1 �ab)XLVc�6P/#�% 'K)X+-'*R#+G$.�#�F+v"0/1"02P3#576l5}YB���#�(:<;>=?=�|H"%246P$GUjS#24),$-�B",5-/�)%E�fNgo� � �0gi�FeJ�F/?$>5bY

f ?



600

800

1000

1200

1400

1600

x 10 3

600 800 1000 1200 1400 1600

x 10
3

m2(π0η) [MeV2/c4]

m
2 (π

0 η)
 [M

eV
2 /c

4 ]

��6PO,R�+G�)�#YPft= �FP'��VQq'Ek]bHXP\_ �rCKNk��CXCI_ NjE ] cmcnCgEGCXo q\_Do J'_DNjEk]lc|c�CGEgCXo�orq>N qp?BADC�_ Jm� �rCGEkHWc>]��MC{NUADC�om]��BCgEGCI_ Z[C
P\R�NUADC�Nk� P orq>Nkq HXCKNyH�]b_ NkCgEa�pH PSR@NUADC HKN q>NU]bHKNU]^Z[q\LDCGEIEGP'EXs

f,f



� �������	��
 �

������� ��� � �C�\�
	�� �C���

����� SB)o5.5764c#2P��6P/#64$G68"02?57$&"%$G�05<'K+.),L�E-�#68a&�j$G��� "0/#/�6P�#6P2l"%$G64),/(aF"0/($>"0IJ�9S�28",ab�-"0+G�{OX6PeJ�F/j6P/($>"0c#2P� � YPf,Y
. /#2P3�6P/�6P$G6l"%2�57$&"%$.�%5v"0/1 T6P/?$.�F+GL��% _68"%$.�v+G�057)X/1"%/Bab�%5�E-6P$.�t"0/#O,R�28"%+ L�),L��F/?$GR�L�2P�05G5��%�JR1"02C�i"%+G�
$&"%IJ�F/T6P/?$.)V"XaFab),R�/?$ZYB���#6l5�2P�%"FeJ�%5{$.�#�j$G�#+.�F�jS1)J5G5D6Pc#6P246P$G6P�05��b~ ; 	 � y � "0/1 � y � Y


���
���������������� ��������� 
��!�#"
$&%('�)+*(,&$&%.-�)/*(,1032 4!57698�:/;=< 0 > � � � � � ? 2�@�ACB DCB E�6=FGIH FJ < ����KML��&�MNO��
P�#��N.
�QCL���
�"R�

S *#T � U�V 69W V ) < W W X X U Y U
U U X FJ[Z FG ��"M� % �
\ \ X X 6=FJ]Z FG < %_^ *S�` FJ ` % ` FG ` % 6 �a"R� % � ^ *S < %S�S�b * U V 6 U )�)c< U W X X FG UW U X FJ U
U \ X X FJ 6 FJ]Z FG < ^ *S ` FJ ` % FG ��"M� % �ed *S\ U X FG 6fFG Z FJ < ^ *S ` FG ` %�FJ ��"M� % �ed *SS�S b % U�V 6 \ )�) < U \ X X FJhg 6=FJji FG < d 6=FJji FG < g FJ ��
�� % �
\ U X FG g 6 FG i FJ < d 6 FG i FJ < g FG ��
�� % �

�C"0c#2P� � YPf>= uvLbL^P|� C[o ]"_r] Nkq\LBqS_Do �r_Dq\LBqS_>cDJMLYqMEf��P'��Ca_DNaJm� HKN q>NkCIH@qS_Do�q\_tc JML^q'E om]bHKNjEk]��rJxNy]YPS_rH �f] NUA`NUADC
EGCIHKNjEk]^Z\NU]^P\_`PSR > d 0lknm s

��6POXR#+G� � Y4fj57��)%Ev5-$.�#�j:<;}=?=0W?|�"02P6P$.UFS#2P)X$-)0'n$G�#�(ab)XLVc�6P/#�% A #"%$&",5D�F$ZYB������LT"06P/Ta&�1"%+&",aZ$G�F+G6l5 �
$.68aF5{"%+.�-E��F2P2#I?/#)0E-/ Y�	 2P�%"%+.2P3(e?685D6Pc#24� 6l59"jab+.)o5.5n246PIJ�-57$G+.R1ab$.R#+G�v"0$�"�:<;&=(6P/?eX"%+.68"%/?$mLT",5.5n"0+G)XR#/1 
fOov�F�  ?R��!$G)�$.�#�qp ; �]g�� ? �}Y �#R#+.$G�#�F+H6P/?$.�F/15D6P$73V6l5v)Xc15D�F+GeJ�% T6P/�$7E�)VcB"%/1 �5j"%$j"%/^=?=T6P/?eX"%+.68"%/?$LT",5.5-"0$�"%S�S#+G)0�?6PLT"%$.� fNh ��?n� �F��"0/1 rf ��?�?n� �F�VY

�����T@1$i)%'j$G�#�T$.�#�F)X+G�F$.68aF"02v"%L�S#246P$GR1 _��$G)�$G�#�T�N�?S1�F+.6PL��F/?$G�F2{ ?685D$G+G64c#R#$.6P),/�685i ?),/���R15D6P/#O
$.�#� � � WoL��F$.�#)? �YH���#��|�"02P6P$.UFS#2P)X$rab)X/?$&"%6P/B5t� 	 f%�0g � "Xab$G64eo�uab�N2P285T�%"Xa&� �1"Ne?6P/#O "�576PUF� )%'
f � � �,h � �F� � ¤l¥ � 	 f � � �,h � �F� � ¤8¥ � YQ���#�t$.),$&"%2H/?R#Lic1�F+A)%'(�F/?$.+G6P�%5A685�� 	 fNgo� � �%g�E-6P$G��$G�#�
LT"%�?64LVR#L /?R#Lic1�F+�)0'n�F/?$.+G6P�%5{)0' �#fFxi"%/B T$G����L�6P/�6PL!R#L /?R#Lic1�F+�)0'n�F/?$.+G6P�%5{)0'QfNg!�FeJ�F/?$&5}Y

fF�



400

600

800

1000

1200

1400

1600

1800

x 10 3

400 600 800 1000 1200 1400 1600 1800

x 10
3

m2(π0η) [MeV2/c4]

m
2 (π

0 η)
 [M

eV
2 /c

4 ]

��6PO,R�+G� � YPft=�� � � �th���q\Lb] NUeaV�LYPtN�PSR@NUADCvZ[P'� �']b_DC[odorq>Nkq HXCKNIs

fFh



� �������	��
 �

� ���u��� �t� � � � � � 
�
���� ���C� �

[]/A),+& ?�F+{$G)(a&�#�%a&I�$.�#�v"XaFab�FS#$&"%/Bab��� ?�?�?�?�? S#�1"X57�H57S1"Xab�� _6857$.+G6Pc�R#$G�% � ),/?$.�bW 	�"%+.2P)j�FeJ�F/?$>5�E��F+.�
OX�F/#�F+&"%$.�% �E-�#68a&�TE��F+.��57R�c#s7�%ab$.�% i$G)i$G�#�j5G"0L���"0/1"02P3#57685 a&�1"06P/T",5-+.�%"02\ �"%$&"wYB[]/�@BO,R#+.�(xwY4fH$G�#�
� 	mWo�FeJ�F/?$� ?685D$G+.6Pc#R#$.6P)X/�685�57��)%E-/ Y $G���r"XaFab�FS#$&"%/1ab� �1"X5�"�LT"0�?6PL!R�L 6P/�$.�#�raZ�F/?$G�F+!)0'($G�#�
|H"%246P$GUFS�2P),$H"%/B t ?�%ab+.�%"X57�%5-64/�$G���! ?6P+G�0ab$G6P)X/T)%'�$.�#�(S#�1"X57�i57S1"Xab�(cB),R#/B #"%+.3oY������!LT"%�?64L!R#L 685
�XgwY h � "0/1 �$G�#�AL�64/#6PLiR#L 685j"0$k��� ��Y���)�ab)X+G+G�%aZ$�$.�#�� �"%$&" 	\$G�#�i ?685D$G+G64c#R#$.6P),/^685Q@1$.$G�% �R15D6P/#O
$.�#�V"0/#O,R�28"0+k _6857$.+G6Pc�R#$G64),/T'*R#/1ab$.6P)X/15}Y ���#�(@1$H685 $G���F/�/#)X+GLT"%246PUF�% �6P/^"VLT"0/#/#�F+ 	B57)�$G�B"%$j�%"Xa&�
ab�F24285{S#+G)0e?68 ?�%5-"iab)X+G+G�0ab$G6P)X/i' "Xab$G)X+vE-��68a&��6l5�LVR�2P$G6PS�2P6P�% $G)V$.�#�(|H"%2P64$GUFS#24),$��F/?$.+G3oY

600

800

1000

1200

1400

1600

x 10 3

600 800 1000 1200 1400 1600

x 10
3

m2(π0η) [MeV2/c4]

m
2 (π

0 η)
 [M

eV
2 /c

4 ]

��6POXR#+G�jxwY4f>=
u Z[Z[CyVfNkq\_DZ[C o|]bHKNjE ] �rJrNU]^P\_

f �



� �������	��
 �


 � 
T���n� ��� ��� � � � � ��� ���n�

����� SB"%+.$G68"02?E-"FeJ��"%/1"02P3#5D685�)0'�$.�#� :<;&=?=XWw|H"02P6P$.UFS#2P)X$C685CaF"0+G+.6P�% H)XR#$CR15D6P/#OH$G�#���	WoLT"%$.+G64�v'*),+.Lq"02 �
685DL ���X� YJ[ /V)X+> ?�F+{$G)j@BO,R�+G�v)XR#$�$G���-LT",5.57�%5 	wE-68 _$G�15{"%/B i$G�#�vab)X/?$G+.6Pc#R�$G6P)X/V)0'�$G�#� 6P/?$G�F+.L��% ?68"0$G�
+.�%57)X/1"%/Bab�%5H$G)T$.�#�V|H"%2P64$GUFS#24),$j"%cB)XR#$!� ?�? @1$&5vE��F+.�!LT", _�oY � 2P685D$�)0'v57)XL��!a&�B"%+&",ab$.�F+G685D$G68a�@1$>5
685jOX6PeJ�F/�6P/�$>"0c#2P� � Y4f,Y\�C"%c�2P� � Y ��OX6PeJ�%5H$G����ab)X+G+.�%57SB),/1 _6P/#O	�	WoLT"0$G+.6P�tSB),24�%5�"0/1 ^$&"%c#24� � Y h
$.�#�Vab)XL�S�2P�F�iS#+G)? ?RBab$G6P)X/r5D$G+.�F/#OX$G�T'*),+H$G�#� � ~ ; WJ6P/#6P$.68"02C57$>"0$G�oY ���#��
 WoLT"0$G+G64�VSB),2P�05�"0+G�(2P6l57$G�0 
6P/T$&"%c�2P� � Y �i"%/1 �$&"%c�2P� � Y � O,6PeJ�%5{$.�#�(ab),/?$.+G6Pc�R#$G64),/�)%'m$G�#�jSB),2P�05}YB���#�H@1/B"%2�+.�%57R#24$ 6l5�O,64eo�N/�64/
$&"%c#24���JY xjE-�#�F+.�v$G���-L��% ?68"0/15�'*)X+ $.�#�v+.�%57)X/1"0/1ab�vSB"%+&"%L��F$.�F+>5n"0+G�H ?�F+.6PeJ�% j'K+.),L "j57�N+G6P�%5m)0'�@B$>5}Y
[]/T$.�#�H'K)X2P2P)0E-6P/#OA$G�#�jOX�F/#�F+>"02�cB�F�1"Fe?6P)XR#+ )%'n$.�#�H@1$&5-685�)XR#$.2P6P/#�% Q=
�����t"%/B"%2P3#5D685A)%'j$G�#��: ; =?=�@1/1"02�5D$>"0$G��RB57�%5A$G�#�TSB"%+&"%L��F$G+.6PU%"0$G6P)X/�)%'j$G���t: ; =XW#~XWJE-"FeJ��'K+.),L
$.�#��: ; : ; =0Ww"0/1"02P3#57685 ���X� Ym�����F+G�T$.�#�T:�:#W?5GaF"0$G$.�F+G64/#O` �"%$&"�E��F+.�TR157�% �64/�),+& ?�F+!$.)t@B�`$.�#�T:�:
6P/?$.�F+>"Xab$G64),/�"%/B V$.)V ?�F$.�F+GL�6P/�� $.�#��: ; =!64/?$G�F+&",ab$.6P),/�Y
� �F+G�v$.�#�vLT"06P/V"06PL E-"X5 "( _�F$G�F+.L�64/1"0$G6P)X/
)0'9$.�#�(=?=V64/?$G�F+&",ab$.6P),/�Y

� � ����������� *�� � ����� � ���� "!�# *�� � �����%$ )�) �%&(' � % �*)"+�$����-,%. / %10�2 ��"�3 465 �

&(' 7 � ��� � ���8 "!�# ):9;) $�9<$ $ 4>=�? #�@ + 4A=�? #B@ * � � �%C 4 �DC 4
,%. EGFH#�# ��� 5 ��� �

) . . . . )�I +�+ �%I $�J
$ . . . . )�I +�+ �%I $�J
+ . . . . )�I $�� �%I ���
K . . . . )�I $�+ �%I ���
L . . . . )�I $�+ �%I ���
M . . . . )�I K $ �%IN) L
J . . . . )�I K $ �%IN) L
� . . . . . )�I $�J �%I $��
� . . . . . )�I $�+ �%I $��
)"� . . . . )�I K�K �%I ���

�C"0c#2P�!�oY4f>=F?WADC Nkq �ML^CFc>]��MCaH�NUADC�A��|VfP>NUADCIHXCaH�NjEk]^C[odNkP �BN NUADCvoxqtNkq>s

� � �#��5D$>"0+G$.6P/#OTSB),6P/?$H)0' $.�#�V"0/1"02P3#576l5v6l5v@B$k�AxVEQ6P$G�^"i@1�?�% t: ; =�SB"%+&"%L��F$G+.6PU%"0$G6P)X/ YB���#�=?=XW#~XWJE-"FeJ�vE-"X5nSB"%+&"%L��F$G+.6PUF�% ("X5�"!f 	 f&WA�TWJLT"%$.+G6P�AE-6P$G�ih�SB)X2P�%5}Y_���#�Hab),/?$.6P/?R#)XR15m+G685D�
f �



����� � � �%��� � ���� "!�#�� =�? #�@
� * �	 *.* � 	 *(% � % �	+%�* � 	+%.% � S � 	 S * � 	 S %

) )"+ L � )"��+ � ) L�M $ ) L � � )�
 J���)1��
 )"� �
$ )"+ L � )"�%) � ) L�M + ) L � +%I K )�
 K ��)1� 
 $�+ �
+ )"+���� $ M J � ) L K � )1J�$ � � � �
K )"+ K ) )"J L � ) L K J ) K + � )�
 +���)1� 
 $�+ �
L )"+ K ) )"J L � ) L K�M ) K + �%I $ )�
 +���)1� 
 $�$ �M )"+%)"J )"�%) � ) L ) K )1� K � )�
 +���)1� 
 $�$ �
J )"+%)"J )"�%) � ) L ) K )1� K ) L )�
 $���)1��� $�� �
� )"+�J%) )"J�$ � ) L J�� ) L�M � )�
 J���)1� 
 )"� �
� )"+ L $ )"$%) � ) L�M J )1��J � )�
 +���)1� 
 $%) �
)"� )"+�+�J )"J�$ � ) L K � ) K�K � )�
 +���)1� 
 $�+ �

�C"0c#24� �JY ��=F?BADC�� h|��q>NjEk] � VfP\L^CIH PSR ���>h��rhx� q �MC

)0'-$G���V=?=XW_~oWoE-"Neo�Ac1�F3J)X/1 �$.�#�!S#�B",5D��5DS1",aZ�!2P6PL�6P$-6l5vSB"%+&"%L��F$G+.6PUF�% �c?3�$.�#�!$.�#6P+& �SB),2P�JY
��R#+.$G�#�F+i"%/�=?=^$.�F/157)X+Vab)X/?$G+.6Pc#R�$G6P)X/u685j/��F�% ?�% �� p���W?"0L�S�2P6P$GRB ?�,�>Y\[]/�ab)X/?$G+&",5D$!$G)�$G�#�
~oWoE-"FeJ�%5m$G���v|-WJE-"FeJ�v6l5n"02P2P)%E��% k'K+.),LM~XW!"X59E��F242#",5�y�Wo64/#6P$.68"%2B57$>"0$G�05}Y?� �#��@1$�ab)X/?eo�F+.O,�0 
"0$ � � ¤�
 ��"�3 
 � � � �JdJ�Gf0�%g����]�#f%� 
 f,Y �J�#Y

� � �#�j/#�%ab�%5.576P$73()0'n$.�#�H$G�F/15D),+vab)X/?$G+.6Pc#R�$G6P)X/V6l5-a&�#�%a&IJ�% jc?3�"k@1$�),L�6P$.$G6P/�Oj$G�#�j�����r"0L�S#2P6 �$.R1 ?�Q'K+.),L @1$-�!x?YJ����685n+.�%57R�2P$G�% 6P/�"0/i6P/1ab+.�%",5D�-)%' � � c?3�� � � 
�� x ? gwY ��6PO,R�+G���JYPf 57��)%Ev5
$.�#�( ?�b@<ab6P�F/1ab64�%5{)%'n$.�#�( ?�%5.ab+G6PS�$G6P)X/TE-6P$.�#),R�$-$G����$.�F/15D),+ZY

� � +.�%57$.+G68aZ$G6P)X/t$.)T$G�#��~�6P/�6P$G6l"%2{57$>"0$G�i),/�2P3�685j ?)X/#�iE-6P$.�t@B$ ��f ? Y�� �#��a&�1"0/#OX�V64/ � � 64/
aZ),L�S1"0+G685D),/A$G) @1$ �Ax 685C)X/#2P3�� � � 
�� �oh?Y_p�R#$C�#�F+.�-$G���v� ��� +G�%5D),/1"0/1ab�-6l5C+>"0$G���F+9/B"%+.+G)%E
EQ6P$G��� 
 ��� � �F�%¤l¥ �FY

� [ /t@B$>5(�!h 	C� ��"%/B `� � $G�#�iS1)X2P�%5H)0'-$G�#�i:<;>=XW#~XWoE-"Neo�iE��F+G�A+G�F2P�%"X57�0 �Y<[]/^O,�N/#�F+>"02n$.�#68564L�S�+G)%eJ�%5Q$G�#�A@1$FYC[]$H�1"X5(57)XL��!6P/?$.�F+G�%5D$G6P/#O��b�<�%ab$>5bY ��6P+>5D$j)%'v"02P29$.�#��ab),/?$.+G6Pc�R#$G64),/ 'K+.),L
y�6P/�6P$G68"02C57$&"%$.�%5-685Qab),L�S#24�F$G�F2P3A+G�FL�)%eJ�% �Y �#R�+G$G���F+-$G���!ab),/?$.+G6Pc�R#$G64),/T)0'9$.�#�(: ; =0W#~XWoE-"Neo�
6l5�"0$jLT"%�?6PLAR#L 'K)X+j$G���%57�(@B$>5}Y����#� 
�WJLq"0$G+.6P�TS1)X2P�%5 6P/B ?68aF"0$G�V"�+&"%$.�#�F+Hc#+G)J", p ; �]g�� ? �EQ6P$G��"AE-68 ?$.�T)%'{$G�#�j)X+> ?�N+-)%'�h ?�? � � � � ?�?n� �F�N¤l¥ � Y

� � �#�v@B+>57$ "%/1"02P3#5D685{)%'n: ; =?=T� �X��RB57�% i),/�2P3V$DE )(SB)X2P�%5m'K)X+�$G�#�j=?=XW#~XWoE-"Neo�JY#~J)i"(aF"%/�),/#6laF"%2"0/15."%$.U�E�)XR#28 (cB��" �	WoLT"%$.+G64�(E-6P$G�i��SB),24�%5}Y_p�R#$m$G�#685m"%$.$G�FL�S#$�' "06P2P�% <YX���#�
� � 64/1ab+G�%"X57�0 
c?3�� � � 
�� h�����6P/�ab),L�S1"0+G6l57)X/t$G)�@B$ �Ax?Y�[]/ @1$!�!h�$.�#�V�NWoSB),24�q5D),24R#$G6P)X/^685vOX6PeJ�F/�c#R#$
EQ6P$G��"A+G�F2P�0",5D�% T:<;>=XW#~XWoE-"Neo�JY#�����F+G�b'*),+.�j$G�#�(hNWoSB),2P�A57),24R#$G64),/�6l5{'KR�+G$G���F+-6P/?eJ�%57$.6POJ"%$.�% �Y

� [ /t@B$>5!��f�	C�A�T"0/1 u� ��$.�#��: ; =XWoSB"%+&"%L��F$G+.6PU%"0$G6P)X/t6l5�5DR#c15D$G6P$.R#$.�% tc?3^"Tp�+G�F64$7W ��6POX/#�F+"0L�S#2P6P$.R1 ?�JY � ",5.5n"0/1 AE-68 ?$.�('K)X+n$.�#�Ip ; �]g�� ? �n"0+G���"! �#�C� 
 � g �X� � � �J� � �N�N¤l¥ � 'K)X+n�%"Xa&�(@1$FY
[ /?$G�F+.�%57$G64/#OX2P3�$G�#�(64/?$G+G)? ?RBab$G6P)X/T)0' $.�#�!p�+G�N6P$7W ��64O,/#�N+-S1"0+>"%L��F$.+G6PU0"%$G64),/�'*),+ $G�#�qp ; �]g�� ? �24�%", �5-$G)T"0/��F�#a&�1"0/#OX��)0'�$G�#�jLT",5.57�%5Q)%'{$G�#�!=?=0W#~XWJE "NeJ�(S1)X2P�!"0+G)XR#/1 �f ��?�?m� �F�,¤l¥ � "%/1 
$.�#�(� ��� W?=?=XWo+.�%57)X/1"%/Bab�oY

� � �#�jR157�H)%'{"!57�%aZ),/1 �ab)XR#S#246P/#Oj'*),+-$.�#�!f ��?�?m� �F�%¤l¥��-SB),2P�H)%'m$G�#�j=?=XW#~XWoE-"Neo�H$G)i=?= �  ?)J�%5/�),$ 6PL�S#+G)0eo� $G�#�H@B$ZYB���#�j+G�057R#24$>5�+G�NLq"06P/�57$>"0c#24���l@1$��A� 	<� � 	<�i�X�>Y
fFx



� 
 �F�?$-64$-E-",5-$.+G64�% V$.)V64L�S�+G)%eJ�v$.�#�H@1$ c?3�64/?$G+G)? ?RBab6P/#OA$G�#��p � �GfNh,� ? �QE-�#6la&�q"02P$.�#),R�O,�^"%$$.�#��S#�1"X57�T57SB",ab�i2P6PL�6P$Hab),R�28 ^ab),/?$.+G6Pc�R#$G�� ?R#�i$G) 6P$>5 @1/�6P$G�iE-68 ?$.� Y�[]/t@B$V�!g�$.�#��Lq"X5G5
"0/1 ^E-6l ?$G��)%'-$.�#� p � �GfNh,� ? �HE��F+.�(@1�?�0 t$.)T$G�#�iy9| o eX"%2PR��%5}Y\���#685H6PL�S#+.)%eJ�%5�$G���!@1$j64/
aZ),L�S1"0+G685D),/T$.)q�Axn= � � 
 �wf � � do�.f%�0g����7�J�,� 
 fJY �,h?YCp�)X$G��� � �^+.�%57)X/1"%/Bab�%5-E��F+.��"02P2P)0E��% �$G)
"0/#/�6P�#6P2l"%$.��'*+G)XL ~�"0/1 Tyu6P/�6P$G6l"%2�57$&"%$.�%5}YB����� p � �GfNh,� ? � ab)X/?$G+.6Pc#R#$.�%5{E-6P$.�	�?Y � ��Y � �F2P�%"X5 �64/#O�LT",5.5j"%/B rEQ68 ?$G�^)0'v$G�#� p � �GfNh,� ? �k6PL�S#+G)0eo�05-$G���!@1$(64/15764O,/#6 @�aF"0/?$G2P3t"0/1 �5D�#6 '*$>5H$G�#�p � �.fFhX� ? ��LT",5.5{' "0+v)XR#$-)0'9S��1",5D�!57SB",ab�oY

600

800

1000

1200

1400

1600

x 10 3

600 800 1000 1200 1400 1600

x 10
3

m2(π0η) [MeV2/c4]

m
2 (π

0 η)
 [M

eV
2 /c

4 ]

0

500

1000

1500

2000

2500

3000

3500

4000

4500

-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1

cos(Θ)

E
in

tr
äg

e/
0.

02

��6PO,R�+G���JYPft=f?WADCf_DC[ZXCIHaHa] N � PSR�]"_DNjEGPto�JtZa]b_tc q NkCI_rHXP'EfEGCIHXP\_DqS_ Z[CQ]b_ � ��s�?BADC�L^CaRwN�ADqS_ o �tc JmEGC@HaADP|�fH�NUADC
� % om]bHKNjEk]��rJxNy]YPS_ PSR �BN������@] NUADP>JrNFq \ )�) EGCIHXPS_ qS_ Z[C�qS_ o NUADC�E ] ctA N �tc JmEGCpNUADC q\_tc JML^q'E�om]bHKNjEk]��rJrNU]^P\_
]b_ ��� �rC\Nk� C[Ca_ ����� � � C
	���
 % qS_ o ����� � � C
	���
 %

f%�



����� � 7 � ��� � ���� 1!�# ����� � ���� "!�# ������� ���� "!�# 7 � ����� ���� "!�#
4A=�? # ) 4>=�? # $ 4A=�? # ) 4A=�? # $ 4>=�? # + 4A=�? # ) 4>=�? #�)

) � ��� �%IN)"+ � �%I $�$ �%I + L $%) M J �%I $ K �
 F��%���A� � � � $%I ��$ �%I $ L �%IN)1+ ) M I +�� �

$ � ��� �%IN)"+ � �%I $�$ �%I + L ) K�L�L �%I $ K �
 F��%���A� � � � $%I �%) �%I $ M �%IN)1$ ) M I +�� �

+ � ��� �%I $�� �%I +�� �%I ��� �%IN) M � �%IN)"� �
 F��%���A� � �H� I ��� � K I M�M �%I J L � )"�%I + K �

K � ��� �%IN) M �%I +�� �%IN)"+ �%I $%) J%)"�%I L �%IN)"� �
 F��%���A� � �%I M K � K IN)"+ �%I � K J%I � K )"�%I J�$ �

L � ��� �%IN) M �%I K � �%IN)"+ �%I $%) J�$ M I � �%IN)"� �
 F��%���A� � �%I M + � K IN)"+ �%I � K J%I � K )"�%I J�+ �

M � ��� �%IN)"� )�I +�$ �%IN)"� �%I $�$ )"$���� �%IN)"+ �
 F��%���A� � $%I K�K � K I L � �%I ��� M I K � )"�%I ) M �

J � ��� �%IN)"� )�I +�$ �%IN)"� �%I $�$ )"+ L ) �%IN)"+ �
 F��%���A� � $%I K�K � K I L � �%I ��� M I K � )"�%I ) M �

� � ��� �%IN)"+ � �%I $%) �%I + K $�+�J�+ �%I $�� �%IN) K
 F��%���A� � � � $%I ��� �%I + K �%IN) M ) M I L ) ) K I J K

� � ��� �%IN) K �%I J�� �%IN) M �%I $�� )"� )"J �%IN) L �%IN) K
 F��%���A� � $%I ��� � K IN)"� �%I L � J%I � K ) L I J�J $%I ��J

)"� � ��� �%IN)"J )�I +�� �%I $%) �%I $�� )"+���� �%I ��� �
 F��%���A� � $%I L�M � K I L�L �%I + L M I L K )"�%I L � �

�C"%c�2P�!�oY h�=
	 EGPto�JtZKNU]^P\_ HKNjEGCI_>cDNUA�P\R�NUADC��BNaN CXopA��nPtNUADCaHXCIH RyPME NUADC * � � ]b_r] NU]^q\LBH\Nkq>NkC\s

��
��
� � � 6 U m WMWM< � � 6 U�� WRWM< � %
����� ��� ��
 %�� � ��� ��� ��
 %�� ����� ��� ��
 %�� � ��� ��� ��
 %�� ����� ��� ��
 %�� � ��� ��� ��
 %��

U U���� \ \R\ � U��CURU U \� U m �  U��CU\ U������ \R\ � U��CU \ U���! U m �  U�� \
� U���U�" ��"  U m ��" U W ! U���U  "��m U���!�! \ U W U�� W � U \ W U�� \ � !��
� U���!�! \ U W U�� W � U \ W U�� \ � !��
! U�� \� \ U m U m  �  W U�� m " UMU��
" U�� \ � \R\ W U m  � ! m U�� m " UMU��
 U m W ! \ W  U�� \ m U�� m U m �  U��CU
� U������ \� � U m ��� U���! U�� m " UMU��
U W U�����! \ W ! U��CU W U \R\ U�� \ � m  

�C"0c#2P�!�oY � =$# h|��q>NjEk] �rhXVQq'EGqS� C\NjCgEkH�P\R NUADC�� �th|EGCIHXP\_Dq\_DZ[CaH

f �



�c
�� � � � 6 U m!WRWM< � � � � � 6 U�� WRWM< � � � � 
�K ��� ���#� � � � � % � � � � � ��� T ��� �
	R� � � �

U \ W�� � � W�� !  � m � m
� W ! � U\ \ U � ! \ � � !  � ! � m
� W ! � U
� � � �  � W � W�� �  ! � Wm U W�� m U�� �  � � � W�� � "CU �  
� UMU � � UMU � � � � � W�� � "CU �  
! U�� �  � � m " � \ U � � m � m�� \
" U�� � � � � ! ! � � U � � m � m�� \
 U�� � ! \ " � ! U \ � � � W�� � ! � !
� U m�� � \ � � � � � ! \ W�� \ � \ �  
U W U  � � U  � �  �  W�� \ � m�� W

��"%c#24�V�oY � =��FP\_DNjEk]��rJxNy]YPS_ PSR@NUADC EGCIHXPS_ qS_ Z[CIH NkP NUADC � � ��� �r_Dq\LDHKN q>NkC

LT",5.5j� � �F�F¤l¥ � � E-68 _$G��� � �N�Z¤l¥ � � p �
� ; �Gf � ?�? � fFhXx ? � h � � � � � x ? �]h � � � f�� xo� � f ? ���
� ; �Gf ��?�? � f ��?X� � f � f,f � � h ? �]h � � � � � �o� � f ? ���

� � f � h ? � f � f,f ? � x ? �]� � g � � � go� � f ? ���
�C"0c#2P�T�oY xn=��B]b_Dq\L ���>hmEGCIHXP\_Dq\_DZ[C VQq'EGq'��C\NkCgEkHKsQ?WADC CgEaEGP'E ]b_DZILOJtorCIH NUADCvHKN q>NU]bHKNU]^ZIH q\Hi� CILbL�q\HiNUADC�H �xH��
NkCg��q>NU]^Z�JM_DZXCgEXNkqS]"_DNU]^CaH\s

fFg



0

5000

10000

800 1000 1200
m(π0η) [MeV/c2]

E
nt

rie
s/

9.
2[

M
eV

/c
2 ]

0

2500

5000

7500

10000

1200 1400 1600
m(ηη) [MeV/c2]

E
nt

rie
s/

9.
2[

M
eV

/c
2 ]

0

1000

2000

-1 -0.5 0 0.5 1
cos(Θ)

E
nt

rie
s/

0.
02

0

1000

2000

3000

-1 -0.5 0 0.5 1
cos(Θ)

E
nt

rie
s/

0.
02

0

1000

2000

3000

4000

-1 -0.5 0 0.5 1
cos(Θ)

E
nt

rie
s/

0.
02

��6PO,R�+G�`�JY ��= �W] NjEGCIHKJML N�� �Ss � ��� VWEGP !KC[ZKNU]^PS_ �	��� VWEGP !KC[ZKNU]^PS_ � q\_tc JML^q'E�om]bHKNjEk]��rJrNU]^P\_ ]"_ ����� � 6 �  W��
� WR< � C
	 ��
 % snuv_>cDJMLYqME{om]bHKNjEk]��rJrNU]^P\_�]b_ ��� � 6 U m!WRW�� � WR< � C
	 ��
 % q\_Do 6 U���U�� � � WM< � C 	 ��
 % s

� ?



0

5000

10000

800 1000 1200
m(π0η) [MeV/c2]

E
nt

rie
s/

9.
2[

M
eV

/c
2 ]

0

2500

5000

7500

10000

1200 1400 1600
m(ηη) [MeV/c2]

E
nt

rie
s/

9.
2[

M
eV

/c
2 ]

0

1000

2000

-1 -0.5 0 0.5 1
cos(Θ)

E
nt

rie
s/

0.
02

0

1000

2000

3000

-1 -0.5 0 0.5 1
cos(Θ)

E
nt

rie
s/

0.
02

0

1000

2000

3000

4000

-1 -0.5 0 0.5 1
cos(Θ)

E
nt

rie
s/

0.
02

��6PO,R�+G�`�JY h�= �W] NjEGCIHKJML N����xs � ��� VWEGP !KC[ZKNU]^PS_ �	��� VWEGP !KC[ZKNU]^PS_ � q\_tc JML^q'E�om]bHKNjEk]��rJrNU]^P\_ ]"_ ����� � 6 �  W��
� WR< � C
	 ��
 % snuv_>cDJMLYqME{om]bHKNjEk]��rJrNU]^P\_�]b_ ��� � 6 U m!WRW�� � WR< � C
	 ��
 % q\_Do 6 U���U�� � � WM< � C 	 ��
 % s

�wf



0

5000

10000

800 1000 1200
m(π0η) [MeV/c2]

E
nt

rie
s/

9.
2[

M
eV

/c
2 ]

0

2500

5000

7500

10000

1200 1400 1600
m(ηη) [MeV/c2]

E
nt

rie
s/

9.
2[

M
eV

/c
2 ]

0

1000

2000

-1 -0.5 0 0.5 1
cos(Θ)

E
nt

rie
s/

0.
02

0

1000

2000

3000

-1 -0.5 0 0.5 1
cos(Θ)

E
nt

rie
s/

0.
02

0

1000

2000

3000

4000

-1 -0.5 0 0.5 1
cos(Θ)

E
nt

rie
s/

0.
02

��6PO,R�+G�`�JY �D= �W] NjEGCIHKJML N����>s � ��� VWEGP !KC[ZKNU]^PS_ �	��� VWEGP !KC[ZKNU]^PS_ � q\_tc JML^q'E�om]bHKNjEk]��rJrNU]^P\_ ]"_ ����� � 6 �  W��
� WR< � C
	 ��
 % snuv_>cDJMLYqME{om]bHKNjEk]��rJrNU]^P\_�]b_ ��� � 6 U m!WRW�� � WR< � C
	 ��
 % q\_Do 6 U���U�� � � WM< � C 	 ��
 % s

�,�



0

5000

10000

800 1000 1200
m(π0η) [MeV/c2]

E
nt

rie
s/

9.
2[

M
eV

/c
2 ]

0

2500

5000

7500

10000

1200 1400 1600
m(ηη) [MeV/c2]

E
nt

rie
s/

9.
2[

M
eV

/c
2 ]

0

1000

2000

-1 -0.5 0 0.5 1
cos(Θ)

E
nt

rie
s/

0.
02

0

1000

2000

3000

-1 -0.5 0 0.5 1
cos(Θ)

E
nt

rie
s/

0.
02

0

1000

2000

3000

4000

-1 -0.5 0 0.5 1
cos(Θ)

E
nt

rie
s/

0.
02

��6PO,R�+G�`�JY � = �W] NjEGCIHKJML N�� �xs � ��� VWEGP !KC[ZKNU]^PS_ �	��� VWEGP !KC[ZKNU]^PS_ � q\_tc JML^q'E�om]bHKNjEk]��rJrNU]^P\_ ]"_ ����� � 6 �  W��
� WR< � C
	 ��
 % snuv_>cDJMLYqME{om]bHKNjEk]��rJrNU]^P\_�]b_ ��� � 6 U m!WRW�� � WR< � C
	 ��
 % q\_Do 6 U���U�� � � WM< � C 	 ��
 % s

�,h



0

5000

10000

800 1000 1200
m(π0η) [MeV/c2]

E
nt

rie
s/

9.
2[

M
eV

/c
2 ]

0

2500

5000

7500

10000

1200 1400 1600
m(ηη) [MeV/c2]

E
nt

rie
s/

9.
2[

M
eV

/c
2 ]

0

1000

2000

-1 -0.5 0 0.5 1
cos(Θ)

E
nt

rie
s/

0.
02

0

1000

2000

3000

-1 -0.5 0 0.5 1
cos(Θ)

E
nt

rie
s/

0.
02

0

1000

2000

3000

4000

-1 -0.5 0 0.5 1
cos(Θ)

E
nt

rie
s/

0.
02

��6PO,R�+G�`�JY x�= �W] NjEGCIHKJML N�� �>s � ��� VWEGP !KC[ZKNU]^PS_ �	��� VWEGP !KC[ZKNU]^PS_ � q\_tc JML^q'E�om]bHKNjEk]��rJrNU]^P\_ ]"_ ����� � 6 �  W��
� WR< � C
	 ��
 % snuv_>cDJMLYqME{om]bHKNjEk]��rJrNU]^P\_�]b_ ��� � 6 U m!WRW�� � WR< � C
	 ��
 % q\_Do 6 U���U�� � � WM< � C 	 ��
 % s

� �



0

5000

10000

800 1000 1200
m(π0η) [MeV/c2]

E
nt

rie
s/

9.
2[

M
eV

/c
2 ]

0

2500

5000

7500

10000

1200 1400 1600
m(ηη) [MeV/c2]

E
nt

rie
s/

9.
2[

M
eV

/c
2 ]

0

1000

2000

-1 -0.5 0 0.5 1
cos(Θ)

E
nt

rie
s/

0.
02

0

1000

2000

3000

-1 -0.5 0 0.5 1
cos(Θ)

E
nt

rie
s/

0.
02

0

1000

2000

3000

4000

-1 -0.5 0 0.5 1
cos(Θ)

E
nt

rie
s/

0.
02

��6PO,R�+G�`�JY �r= �W] NjEGCIHKJML N����|s � ��� VWEGP !KC[ZKNU]^PS_ �	��� VWEGP !KC[ZKNU]^PS_ � q\_tc JML^q'E�om]bHKNjEk]��rJrNU]^P\_ ]"_ ����� � 6 �  W��
� WR< � C
	 ��
 % snuv_>cDJMLYqME{om]bHKNjEk]��rJrNU]^P\_�]b_ ��� � 6 U m!WRW�� � WR< � C
	 ��
 % q\_Do 6 U���U�� � � WM< � C 	 ��
 % s

� �



0

5000

10000

800 1000 1200
m(π0η) [MeV/c2]

E
nt

rie
s/

9.
2[

M
eV

/c
2 ]

0

2500

5000

7500

10000

1200 1400 1600
m(ηη) [MeV/c2]

E
nt

rie
s/

9.
2[

M
eV

/c
2 ]

0

1000

2000

-1 -0.5 0 0.5 1
cos(Θ)

E
nt

rie
s/

0.
02

0

1000

2000

3000

-1 -0.5 0 0.5 1
cos(Θ)

E
nt

rie
s/

0.
02

0

1000

2000

3000

4000

-1 -0.5 0 0.5 1
cos(Θ)

E
nt

rie
s/

0.
02

��6PO,R�+G�`�JY ��= �W] NjEGCIHKJML N����Ks � ��� VWEGP !KC[ZKNU]^PS_ �	��� VWEGP !KC[ZKNU]^PS_ � q\_tc JML^q'E�om]bHKNjEk]��rJrNU]^P\_ ]"_ ����� � 6 �  W��
� WR< � C
	 ��
 % snuv_>cDJMLYqME{om]bHKNjEk]��rJrNU]^P\_�]b_ ��� � 6 U m!WRW�� � WR< � C
	 ��
 % q\_Do 6 U���U�� � � WM< � C 	 ��
 % s

�,x



0

5000

10000

800 1000 1200
m(π0η) [MeV/c2]

E
nt

rie
s/

9.
2[

M
eV

/c
2 ]

0

2500

5000

7500

10000

1200 1400 1600
m(ηη) [MeV/c2]

E
nt

rie
s/

9.
2[

M
eV

/c
2 ]

0

1000

2000

-1 -0.5 0 0.5 1
cos(Θ)

E
nt

rie
s/

0.
02

0

1000

2000

3000

-1 -0.5 0 0.5 1
cos(Θ)

E
nt

rie
s/

0.
02

0

1000

2000

3000

4000

-1 -0.5 0 0.5 1
cos(Θ)

E
nt

rie
s/

0.
02

��6PO,R�+G�`�JY g�= �W] NjEGCIHKJML N�� }>s � ��� VWEGP !KC[ZKNU]^PS_ �	��� VWEGP !KC[ZKNU]^PS_ � q\_tc JML^q'E�om]bHKNjEk]��rJrNU]^P\_ ]"_ ����� � 6 �  W��
� WR< � C
	 ��
 % snuv_>cDJMLYqME{om]bHKNjEk]��rJrNU]^P\_�]b_ ��� � 6 U m!WRW�� � WR< � C
	 ��
 % q\_Do 6 U���U�� � � WM< � C 	 ��
 % s

�o�



0

5000

10000

800 1000 1200
m(π0η) [MeV/c2]

E
nt

rie
s/

9.
2[

M
eV

/c
2 ]

0

2500

5000

7500

10000

1200 1400 1600
m(ηη) [MeV/c2]

E
nt

rie
s/

9.
2[

M
eV

/c
2 ]

0

1000

2000

-1 -0.5 0 0.5 1
cos(Θ)

E
nt

rie
s/

0.
02

0

1000

2000

3000

-1 -0.5 0 0.5 1
cos(Θ)

E
nt

rie
s/

0.
02

0

1000

2000

3000

4000

-1 -0.5 0 0.5 1
cos(Θ)

E
nt

rie
s/

0.
02

��6PO,R�+G�t�JYPf ? = �W] NjEGCIHKJML N ��z|s �����`VWEGP !KC[Z\NU]^P\_	��� � VBEGP !\CXZ\NU]^P\_	� q\_tcDJ'L^q'Epom]"H\NjEk]��rJxNy]YPS_ ]b_ ����� � 6 �  W �
� WR< � C
	 ��
 % snuv_>cDJMLYqME{om]bHKNjEk]��rJrNU]^P\_�]b_ ��� � 6 U m!WRW�� � WR< � C
	 ��
 % q\_Do 6 U���U�� � � WM< � C 	 ��
 % s

� �



0

5000

10000

800 1000 1200
m(π0η) [MeV/c2]

E
nt

rie
s/

9.
2[

M
eV

/c
2 ]

0

2500

5000

7500

10000

1200 1400 1600
m(ηη) [MeV/c2]

E
nt

rie
s/

9.
2[

M
eV

/c
2 ]

0

1000

2000

-1 -0.5 0 0.5 1
cos(Θ)

E
nt

rie
s/

0.
02

0

1000

2000

3000

-1 -0.5 0 0.5 1
cos(Θ)

E
nt

rie
s/

0.
02

0

1000

2000

3000

4000

-1 -0.5 0 0.5 1
cos(Θ)

E
nt

rie
s/

0.
02

��6PO,R�+G�T�oYPfXf>= �W] NjEGCIHKJML N � ���|s � � � VWEGP !KC[Z\NU]^P\_	��� ��VWEGP !KC[ZKNU]^P\_	�Qq\_tc JML^q'E om]bHKNjE ] �rJrNU]^P\_ ]b_ � ��� � 6 �  W �
� WR< � C
	 ��
 % snuv_>cDJMLYqME{om]bHKNjEk]��rJrNU]^P\_�]b_ ��� � 6 U m!WRW�� � WR< � C
	 ��
 % q\_Do 6 U���U�� � � WM< � C 	 ��
 % s

�,g



� � � ����� ��� �

� � 
T��� ��
 � �t�

[]/T"X # ?6P$.6P)X/�$.)($G�#�Q@1$&5  _�%5Gab+.6Pc1�0 V"0c1)%eJ�j57)XL��-@1$&59E��F+.�vLT"X ?�-E-�#�F+.��"
�#Y � � '�"%$Qc1",a&I?OX+G)XR#/1 
E-"X5v57R�c#$G+&",ab$.�% �'*+G)XLM$G�#�( �"%$>"?YB���#�%5D�j@1$&5�E��F+G�x=
fXY<:<=XW_~XWJE-"FeJ�x=B�(SB),24�%5�@1�?�0 	w'K+G�N���
:<=XWw| �*E "NeJ�x=1fHSB),24�j@1�?�% �"%$Hy9| oQWoeX"%24R#�%5�� p � �.fFhX� ? �&�=J=XW_~oWoE-"FeJ�x=m�(SB),24�%5��.f 	 f}W �	WoLT"0$G+G64��E-64$G�T)X/#�(a&�1"%/�/#�F2
=J=XWw|QWoE-"Neo�r=b)X/#�(p�+G�F64$7W ��6POX/#�F+-"0L�S#2P6P$.R1 ?�(�l'*+G�F�jLT",5.5-"%/B TE-68 ?$.���

�?Y<:<=XW_~XWJE-"FeJ�x=B�(SB),24�%5�@1�?�0 	w'K+G�N���
:<=XWw| �*E "NeJ�x=1fHSB),24�j@1�?�% �"%$Hy9| oQWoeX"%24R#�%5�� p � �.fFhX� ? �&�=J=XW_~oWoE-"FeJ�x=m�(SB),24�%5��.f 	 f}W �	WoLT"0$G+G64��E-64$G�T)X/#�(a&�1"%/�/#�F2
=J=XWw|QWoE-"Neo�r=F�!p +G�F6P$DW ��6POX/#�F+-"0L�S�2P6P$GRB ?�%5{E-6P$.� � � �GfN�o� ? ��@1�?�0 �"0$�y{| o�eX"%2PR��%5

h?Y<:<=XW_~XWJE-"FeJ�x=�fHSB),24�j'K+.�F�
	w'K+G�N���
:<=XWw| �*E "NeJ�x=1fHSB),24�j@1�?�% �"%$Hy9| oQWoeX"%24R#�%5�� p � �.fFhX� ? �&�=J=XW_~oWoE-"FeJ�x=m�(SB),24�%5��.f 	 f}W �	WoLT"0$G+G64��E-64$G�T)X/#�(a&�1"%/�/#�F2
=J=XWw|QWoE-"Neo�r=b)X/#�(p�+G�F64$7W ��6POX/#�F+-"0L�S#2P6P$.R1 ?�(�l'*+G�F�jLT",5.5-"%/B TE-68 ?$.���

�#Y<:<=XW_~XWJE-"FeJ�x=B�(SB),24�%5�@1�?�0 	w'K+G�N���
:<=XWw| �*E "NeJ�x=1fHSB),24�j@1�?�% �"%$Hy9| oQWoeX"%24R#�%5�� p � �.fFhX� ? �&�=J=XW_~oWoE-"FeJ�x=mh(SB),24�%5��.f 	 f}W �	WoLT"0$G+G64��E-64$G�T)X/#�(a&�1"%/�/#�F2
=J=XWw|QWoE-"Neo�r=b)X/#�(p�+G�F64$7W ��6POX/#�F+-"0L�S#2P6P$.R1 ?�(�l'*+G�F�jLT",5.5-"%/B TE-68 ?$.���

� 2P2�@1$>5(E��F+.�� _),/���RB576P/#O�$G����:<;b=?=%W?|H"%2P64$GU�S#2P)X$(E-6P$.�u" �_Y � � '<"%$Ac1",a&I?OX+G)XR#/1 u5DR#c#$.+>"Xa �
$.6P),/�Y����#�iS#+.),s7�%aZ$G6P)X/15 )%'-$G���%57� @1$>5H2P)J)XIt+>"0$G���F+�E��F242 	Bc#R�$�$.�#� 
 WoLT"0$G+G64��SB"%+&"%L��F$G�N+>5 )%'�$G�#�
+.�%57)X/1"%/Bab�%5j"%+.�V/#)X$j",5H)X/#�VE�)XR#28 /1"06PeJ�F2P3T�F�?SB�%ab$ZY<� �#685 S#+G)Xc#2P�FL 685 2P6P/�IJ�% T$G)�$G���!']",ab$H$G�B"%$
)X/#2P3�$DE )iS1)X2P�%5 6P/�$.�#�!=?=0W#~XWoE-"Neo�AE��F+G�jR15D�% �Y ��6P$���fj685 $G���!5G"0L��("X5v$.�#�(cB�%57$ @1$ 	�c#R#$v)X/#243
$7E�)!SB)X2P�%5�6P/�$G���k=J=XW#~XWJE-"FeJ�j6P/157$.�%"X V)0'9h(SB),24�%5}YB[]/i@1$b�!�($.�#�j ?�%5.ab+G6PS�$G6P)X/�)%'n$.�#�(=J=XWw| �KE-"Neo�
685H ?)X/#�(c?3T$.�#�(6P/?$.+G)? ?R1ab$.6P)X/�)%'�$7E�)�p�+G�F6P$DW ��6POX/#�F+v"0L�S#2P6P$.R1 ?�%5bY����#685 e?6P)X28"%$.�%5-R�/#6P$&"%+G64$73�c#R#$
�1"X5 $G�#�("X ?e,"0/?$>"0O,�($.�1"0$v6P$-6l5��%",5D3T$G)(@B�TLq"X5G5Q"%/1 �E-6l ?$G� $G)i$G�#�(y{| oQWJe,"02PR#�%5bY�~J)i$G�#685 @1$-685
5D),L��F$G��6P/#Ov246PIJ� "��	��

����� "0/1"02P3#5D685}YX[]/ @1$9�Ahv$.�#�v:<=XW_~ �KE-"Neo��E-"X5CS1"0+>"0L��F$G+.6PUF�% j",5m"<�	WoLT"0$G+.6P�
E-6P$.�!)X/#�-SB),2P�Q),/#243!ab),R�S#2P6P/�Ov$G)(�Ha&�1"0/#/#�F285{�]:�=j"%/B � ��j�>YJ�����-S1"0+>"%L��F$.�F+>59� LT",5.5C"%/B (E-68 _$G���
)0'C$G�#� p ; � g � ? � "%+.��/#)X$�+G�%"X57)X/1"0c#2P�j���#� @1${@1/1 �5{$G�#� 'K)X2P2P)0E-6P/#O �	WoLT"0$G+G64�!S1"0+>"0L��N$G�F+>5\'K)X+�$G�#�p ; �]g�� ? � ! 
 gXg � � � � �� :�= 
 ��?X� � ��� �� � �� 
 fF� � � Y

h ?



� 5HO,64eo�F/^6P/^$>"0c#2P� ? Y � $G���qaZ),/?$.+G6Pc#R�$G6P)X/^)%'v$.�#��:�=0W#~XWJE-"FeJ��64/1ab+G�0",5D�%5�EQ�#�F/�2P�%"Ne?6P/#O�$G�#�
SB),2P�05i'K+G�N�oY��#R�+G$.�#�F+�$G�#�^ab),/?$.+G64c#R#$G64),/�)%'!$.�#�r=J=XW#~XWJE "NeJ�t685i$G)J)�57LT"%242 Y ���#�F/£[(@1�?�% $G�#�
:�=XW#~XWJE "NeJ��SB),2P�05�$G�#�jab)X/?$G+G64c#R#$.6P),/T)0'C$G���k=?=0W#~XWJE-"FeJ��64/1ab+.�%",5D�% �Y?[�5D�#)XR#28 �L��F/?$G64),/!$.�1"0$-$G�#�
�FeX"%2PRB"%$.6P),/()0'1$.�#��ab),/?$.+G6Pc�R#$G64),/($.)v$G��� |H"%246P$GUFS�2P)X$ )0'1$.�#��=?=XW_~oWoE-"FeJ�{+G�%5D),/B"%/1ab�05�685C"Q/?R#L��F+G68aF"02
"0S#S#+.)%�?6PLT"0$G6P)X/
	_c1�%aF"0R15D�(6P$�/#�FOX2P�%ab$&5�6P/?$G�N+7'K�N+G�F/1ab� �b���0ab$>5}Y

�����T$G�#64+> �SB),2P� 6P/u$G����=?=%W#~XWJE-"FeJ�t5D$>"0c1�F2P64UF�%5j$G���T@1$ZY []$!E��%"0Io�F/B5j$G�#�T64/�'1R#�N/1ab�T)%'H$G�#�
+.�%57)X/1"%/Bab�!S1"0+>"0L��F$G�F+&5-)X/t$G���! ?6 �<�F+G�F/?$Q�?3?S1)X$G�#�%5D�%5}Y\[]/t"X # ?6P$.6P)X/�$G���!E-68 _$G��)0' $.�#� � ; �.f � ?�? �685�$.�#�F/t5DLT"%2P24�F+Q� + h ?�?n� �F��64/157$.�%", �)0' + x ?�?m� �F�(�>Y

hwf



� � � ��������� *B� � � ��� � ���� 1!�# * � � �D���%$ )C) � &(' � % � )"+�$����(,D. / %10�2 �C" 3 465 �

&6' 7 � ��� � ���� "!�# ) 9 ) $�9 $ $ 4A=�? #�@ + 4A=�? #�@ * � � �DC 4 �%C 4
,%. EGFH#�# ��� 5 ��� �

) . . . . . )�I + M �%I ) K
$ . . . . . )�I +%) �%I $�J
+ . . . . . )�I K�K �%I )"+K . . . . . )�I +%) �%I )"�

��"%c#24� � YPft=�?BADC Nkq��MLYCFct]��'CIH NUADCFA �|VfP>NUADCIHXCIH NjE ]YC[odNkP �BN{NUADC�orq>N q>s

����� � � �%��� � ���� "!�#�� =�? #�@
� * �	 *.* � 	 *(% � % �	+%�* � 	+%.% � S � 	 S * � 	 S %

) )"+ L + +��%) � ) M )"$ + K ) � � � �
$ )"+ K ) +�$�+ � ) L � K $�� L � � � �
+ )"+ M $ )"� L � ) L�M�L ) M ) � � � �K )"+ L � $%)"J � ) L�M � $ )"J � )�
 +���)1� 
 $%) �

�C"0c#2P� � Y �n=�?WADC��`hm� qtNjEk] � VfPSL^CaH�P\R � �th �rhx��q �'C

����� � 7 � ��� � ���8 "!�# ����� � ���� "!�# ������� ���� "!�# 7 � ����� ���8 "!�#
4A=�? # ) 4>=�? # $ 4A=�? # ) 4A=�? # $ 4>=�? #:+ 4A=�? # ) 4A=�? # $ 4>=�? # )

) � ��� �%IN) L �%I ��+ �%IN) K �%I $ M � �%IN)"$ � �%IN)1�
 �F��%��� � � $%I ��� � K I +�� �%I �%) � ) L I � � $%IN)1$

$ � ��� �%IN) L �%I � K �%IN) L �%I $ M � �%IN) M �%I ��+ �%IN) K
 �F��%��� � � $%I � L � K I $�$ �%I J%) � ) L I � $��%I M )"��$%I J

+ � ��� �%IN)"J � �%I � K �%IN) K � �%IN)"+ � �%I ���
 �F��%��� � � � � +%I ��+ �%I � L � )"J%IN)1� � L I L $

K � ��� �%IN) L �%I ��$ �%IN) L �%I $�� ��J�J%I M �%IN) L � �%IN) K
 �F��%��� � � $%I ��J � K IN)"+ �%I L � J%I ��� ) L I J�� � $%I ���

�C"0c#2P� � Y h�= 	�EGP>o�JtZ\NU]^P\_�HKNjEGCI_tc NUAdPSR@NUADC	�BNaNkC[opA ��P>NUADCIHXCaH�RyP'EvNUADC * � � ]"_r] NU]^q\LWHKNkq>N CKs

h,�



��
��
� � � 6 U m WMWM< � � 6 U�� WRWM< � %
����� ��� ��
 % � � ��� ��� ��
 % � ����� ��� ��
 % � � ��� ��� ��
 % � ����� ��� ��
 % � � ��� ��� ��
 % �

U U m ��� !�U�! U m  " U \ m U m ��" \ U W\ U����CU ! W ! U m � m UMU m U m � \ UMU  
� U������ \ � \ U��CU \ U�� W U�� \ m U�!CUm U����CU \ �  U�� W U U���! U m � m U����

��"%c#24� � Y �D= #{h|��qtNjEk] �xh[V qMEGq\��CKN CGEjH�P\R NUADC����|h|EGCIHXPS_ qS_DZXCIH

��
�� U � � � \ � � � � � � � m � � �
* T � � � 6 �  WM< �  � ! � \ � W "�" � " ��� � m

� % 6 U�� \ WM< U � m W�� " W�� � W��  M\
� % 6 U \ " WM< W�� � � �

� % \ � � \ � \ U �  � � W
� � 6 U m!WRWM< U�� � W U m
� � W��  � U \ � �
� � 6 U�� WRWM< \� �  \ � � � " � \ \ ! � U
� 
PK ��� ����� � � � \ � "S b * � % 6 U�� \ WM< \ �  U � m W�� m � W�� m �
� % 6 U \ " WM< � W�� � � �

� % � � � � � � W�� � ! � \S b % � % 6 U�� \ WM< � � " U �  W�� U U � m
� % 6 U \ " WM< � \ �PW � �

� % � � � U�� � � U \ � � URU � m
� U WMW�� W U WRW�� � U W U � \ U WMW�� W

�C"0c#2P� � Y � = �FP\_DNjEk]��rJrNU]^P\_dP\R NUADCvEGCIHXP\_Dq\_DZ[CaHvNkP NUADC ����� � �r_Dq\L�HKNkq>N C

h,h



0

5000

10000

800 1000 1200
0

2500

5000

7500

10000

1200 1400 1600

0

1000

2000

-1 -0.5 0 0.5 1
0

1000

2000

-1 -0.5 0 0.5 1

0

1000

2000

3000

4000

-1 -0.5 0 0.5 1

��6PO,R�+G� � YPft= �W] NjEGCaH\J'L N � �Ss � ��� VBEgP !\CXZ\NU]^P\_	� ��� VWEGP !KC[Z\NU]^P\_	� q\_tc JML^q'E�om]bHKNjEk]��rJrNU]^P\_ ]b_ � � � � 6 �  W��
� WR< � C
	 ��
 % snuv_>cDJMLYqME{om]bHKNjEk]��rJrNU]^P\_�]b_ ��� � 6 U m!WRW�� � WR< � C
	 ��
 % q\_Do 6 U���U�� � � WM< � C 	 ��
 % s

h �



0

5000

10000

800 1000 1200
0

2500

5000

7500

10000

1200 1400 1600

0

1000

2000

-1 -0.5 0 0.5 1
0

1000

2000

-1 -0.5 0 0.5 1

0

1000

2000

3000

4000

-1 -0.5 0 0.5 1

��6PO,R�+G� � Y ��= �W] NjEGCaH\J'L N ���xs � ��� VBEgP !\CXZ\NU]^P\_	� ��� VWEGP !KC[Z\NU]^P\_	� q\_tc JML^q'E�om]bHKNjEk]��rJrNU]^P\_ ]b_ � � � � 6 �  W��
� WR< � C
	 ��
 % snuv_>cDJMLYqME{om]bHKNjEk]��rJrNU]^P\_�]b_ ��� � 6 U m!WRW�� � WR< � C
	 ��
 % q\_Do 6 U���U�� � � WM< � C 	 ��
 % s

h �



0

5000

10000

800 1000 1200
0

2500

5000

7500

10000

1200 1400 1600

0

1000

2000

-1 -0.5 0 0.5 1
0

1000

2000

-1 -0.5 0 0.5 1

0

1000

2000

3000

4000

-1 -0.5 0 0.5 1

��6PO,R�+G� � Y h�= �W] NjEGCaH\J'L N ���>s � ��� VBEgP !\CXZ\NU]^P\_	� ��� VWEGP !KC[Z\NU]^P\_	� q\_tc JML^q'E�om]bHKNjEk]��rJrNU]^P\_ ]b_ � � � � 6 �  W��
� WR< � C
	 ��
 % snuv_>cDJMLYqME{om]bHKNjEk]��rJrNU]^P\_�]b_ ��� � 6 U m!WRW�� � WR< � C
	 ��
 % q\_Do 6 U���U�� � � WM< � C 	 ��
 % s

h,x



0

5000

10000

800 1000 1200
0

2500

5000

7500

10000

1200 1400 1600

0

1000

2000

-1 -0.5 0 0.5 1
0

1000

2000

-1 -0.5 0 0.5 1

0

1000

2000

3000

4000

-1 -0.5 0 0.5 1

��6PO,R�+G� � Y �D= �W] NjEGCaH\J'L N � �xs � ��� VBEgP !\CXZ\NU]^P\_	� ��� VWEGP !KC[Z\NU]^P\_	� q\_tc JML^q'E�om]bHKNjEk]��rJrNU]^P\_ ]b_ � � � � 6 �  W��
� WR< � C
	 ��
 % snuv_>cDJMLYqME{om]bHKNjEk]��rJrNU]^P\_�]b_ ��� � 6 U m!WRW�� � WR< � C
	 ��
 % q\_Do 6 U���U�� � � WM< � C 	 ��
 % s

ho�


