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�
��� \ 	
� \ ��	��
�o���M���
�_�o�{r

V ∗
ub

�+�_�{l
���4��jM|�j��
lT��c \ �o�¥�M���M� Vub

�
`b�v��h \ �K�Sx¢�o�����T	���l����o��� \ �
jI��Ã���	��K|��
���T	����_�o�
�ÙÏ�r¤�
��j����o�T�fiGjW�X	
�G���M�K��h \ � · µh�+³ ���
c $�Ø�ò�Ú�ÛhÕWÝMÛ�Ö¯þhè�Ø�ï�Ô	ì�ÔæØ|åWÝMÔ^Õ�è¢ó�ÔæÛhêWÝMÔ	ÕWð|Ûhè�ê�-MÕ	ã�ÜÅÚ)Ô	Õ�åWÜÅØ|å�ê�ç	ê�ÔôÕ�Õ�è¾Ø|åWÝMÔ(Ø�×�å�Ôæê:ðÙÛhÔGÚ�è¥ê�ç	ÖæÔæØ|å�Ô(×ÙähÕ�Ôæê��

ó¢è¾å�Ü�×�Ø�Ý�Ô�Ú)( ×|Õ�ÖæÜÅÚ�Úéè�å�Ü�×�Ø�Ý�Ô	Õ:Ø�ÔæÛMå�ê�Ü�Ø�×|Õ:Õ�Û�ï�ïÙýæê�Ô^ð|Û�Ô^ÚéèTíî×Ùê�ÖæÔGífè�ÜÅä�Ú�Ô¥Ö¯þhè¾Ø�ïÙÔ^è¾Û)Õ�Õ�ÜhÚéè�Õ�è¢ó�Ô	Û�ê�ÝMÔôÕ�Ú�Ôæò�å�×�Ø)Õæû
Ó<Ô	Õ¶òhè�ê�è�ì�ýæå�ê�Ô	Õ¶ÝMÛ�ì�çæÚéè¾Øhï�Ô:Ý�Ô	Õ]Õ�è¢óÙÔæÛ�ê¯ÕXÝMÔôÕXÚ�Ôæò�å�×�Ø)Õ]Õ�×�Ø|åLÝM×�Ø�Øhç	Õ¶òhè¾ê]Ú�è^ìkè�å�ê�ÜéÖ�Ô?CfâL×�Ø|å�ÔôÖ�×�ê�ó�×d�YE�àDè�-ñÜW�e è�-�è�ïÙè5f©è+�g8Mè�-�è�å¯è|ø ù hi�.j�úXC
Cîâ&E�à e 8�EÇûk ÓXÔ	Õßìkè�å�ê�ÜéÖ�ÔôÕßÝ�Ô�ü�ÜÅê¯è�Ö

γµ
Ô�å

γ5
Õ�×�Ø|å¥Ý�Ô	Õß×�ò�çæê¯è�å�ÔæÛ�ê¯Õ�Õ�å�è�ØhÝ�è�ê�Ý�Õ�ÔæØvå�þ�ç	×�ê�ÜÅÔ�ÝMÔôÕßÖ¯þ)è¾ì�òhÕ¥ð|Ûhè¾Ø[�

å�ÜéðÙÛhÔ	Õ	ãñå�×�Û�å^Ö�×�ì�ì�Ô¥Úl( Ü�ØhÝMÜéÖ�Ô
µ
Ü�ØhÝMÜéð|Ûhè¾Ø|å(Úéè�Öæ×�ì�ò�×ÙÕ�è¾Ø|å�Ô¥ÝMÔ¥Úl( Ô	Õ�òhèÙÖ�Ô ��å�Ô	ì�òhÕ©ÝMÔ�à
Ü�Ø�-�×+fGÕ�-ñÜ û|âL×�Û�ê(Ô	Ø

Õ�è¢óÙ×�Ü�ê:ò�Ú�ÛhÕ	ã�ó�×ÙÜÅê©òhè�ê(Ô�÷MÔæì�ò�Ú�Ônm(Ô�í�û�ø �.	�ú�ûj�âL×ÙÛ�ê¥Ú�èUÕ�ÛhÜ å�Ô�ÝMÔkÖæÔ�å�å�Ô�Õ�×�Û)Õg�qÕ�ÔôÖÇå�ÜÅ×ÙØ<ã)Øh×�ÛhÕ¥è¢ó�×ÙØhÕGê�Ôæòhê�×MÝMÛ�ÜÅå¥Ú�èUÝMçæì�×ÙØhÕ�å�ê�è¾å�Ü�×�ØDÔæåTÚÅÔ�íî×�ê�ìkè¾Ú�Ü�Õ�ì�Ô
ÝMÔTÚ�è�m(Ôæí�û ø 	
o�ú û



Ê�ö

�M����h \ � `�i¨�T���M�TÐW���_�
�
�������

DL,R ≡









d

s

b









L,R

, DL,R ≡
(

d s b
)

L,R

�¿Ê���Ú��

UL,R ≡









u

c

t









L,R

, UL,R ≡
(

u c t
)

L,R

�¿Ê�� ���

�M�f����	��
��i jM�f�[x�Ï+iH�ZÊ��¢öv|��
���T	����_�o���
���
x¢�
lT	
�����

D → UW− = UL γ
µVCKM DL W

−
µ

�¿Ê���ð��

=
(

u c t
)

L
γµ









Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb

















d

s

b









L

W−
µ

�¿Ê���ÿ��

ÁD�vc=�X�
	
�_l
��`�§f� \ 	
�.� �o�
���d��jw£B���_��i jM���_�
���o�����T	���l����_������£B���_z��o�T��� \ q
	
�T���^�W�X����j����
��²h\.»Q· � ­�±<²�±q\ i ¶�µ i ¶�»�\ ����Ä®�T	
�
���
�����Ql
�T�o�_�Q�M�
�=�_�����
	
��lT�
�o���M�/�����
l@�_�wl�gW��c \ ���"
��_|�|��
�
� �o�����?�1���'�M�o���
�o��|�j��@�o�¦zW�����>�Sx¢�T���X��� \ 	
� \ 	
�
�/£B���oz��_�
�K�T�{�o�¦zW�X�
�>�Sx¢�T���X��� \ 	
� \ 	
�
�/���
c/�����
���:ÁD�/c/�X��	��olT��`�§f� \ �TjM�m������l�Ã���	
�f� j���lT��c/cK��j�����c=�X�
	
�_l
������	������4���o���Q�������
�[xy�T� \ �Xl
�����
�d�������
j�	�� \ �
	�c/���
���X�G�d��� \ �X�
�
�T	��SxyjM����z����
���Sx¢�T���X��� \ 	�� \ 	
�T�^rt�[x���jI��	
��½ Ä � Áº�

]m�X���D�o�1��� ��qT�o�1Â �������W�X	
�S���[xy�¥� \ �o�_l��X�
�o���d£N�����W��cK�
�������o��½ Ä � Á4���+l
�T�#�M�
jI��z����
�T�#�®xy�����X�
�
\ 	
� \ 	��
�����Tl
��j��_�t���v�?x¢���I�o�����T��l
�v���t�o�¤��h c/����	��o�t�
�_�
l���	
�X£B���oz��_�

SU(2)L ⊗ U(1)Y

r=��	�q
�
g���jM���«�
�M�
	
|��o���$�X�o��	��#iGj��1����j��7�_�
�D£N�
	�c/�_�����Z�
���G�7���X���7c/�����
���$�������«�u�nz�	��o��j�	
�«� \ ���������M�
�
�M��l
�T��������h cK�T�
	
�o�mrvz����
���f�T���
	�|��o� \ ��	��o�a_ ­�½
²�³W¹�\ _ »�· »%[^¹feMeh\ �MiGj��Z����������j�����c/���
���
�XjI��£N�
	�c/�_����� Ñ � � �X�����7�u��z�	
�_�
j�	������«�u�n��hIcK�T�
	
�_���T�o�
l���	���£B���ozM�o���
�u�nzW���������T�������X�
� \ 	�� \ 	��
�
£B�X�oz��_�
�b�T���d�W�X�
j�	
�T�o�_� \ ��j�	����Tl
	
�_	
���_�
�niGjW��	�� ���
�����nc/���
�����Sxyg�h \ �
	
l�g���	
|��fz��_�
�w���TÐ����o�X�
� \ 	
qT�b�o��z�	��o�
jM	
�d���^�o�f��hIcK�T�
	
�_���T�o�
l���	���£B���ozM�o�����o�fz����
�����
���T���4��� \ 	
� \ 	��
�����^c/���
���^���¥�
� �_�
�������X��j�	��
�_�o� \ ��j�	D���
lT	
�o	����_�
�#iGjW��	
�G�ZÅ \ g�h �
�_i jM�
��Æb��z����
	����
���
���o��z,��	��X�
���o	����T���bc/���
���

p�â�ÚÅÛhÕ^ò�ê�ç	Ö�ÜéÕ�çæì�ÔæØ|å	ãMÚ�Ô¥ì�ç	Öæè�Ø�ÜéÕ�ì�Ô�ÝMÔn�GÜ�ï�ï|Õ(ÝM×�ØhØ�ÔTÛ�Ø�ÔTìkè�Õ�Õ�Ô¥è�Û4ä�×ÙÕ�×�Ø%ÝMÔ\�^ÜÅïÙïÙÕ©Ô�å^è�ÛM÷�ä�×ÙÕ�×�ØhÕ
W±

Ôæå
Z0
ã�Ô�å^Öd( ÔôÕ�å(Ú�Ô�Ö�×�Ûhò�Ú�è�ï�Ô¥ÝMÛ1�GÜ�ï�ï|Õ(è¢ó�Ô	Ö�Ú�Ô	Õ�íîÔæê�ì�ÜÅ×ÙØhÕ(ð|Û�ÜXÝM×ÙØ�Ø�Ô¥Û�Ø�ÔTìkèÙÕ�Õ�Ôn!�ÖæÔ	Õ(ÝMÔ	ê�ØhÜÅÔ	ê�Õ	û



Ê$ø

zM�o�
�����TÐW�M�o��c/���o�#�Sx¢g�h \ �
	�l�gW��	�|����o������ÐW���_����=�	T���[xyj��M�b���T�+l
�������
iGj��T��l
�T����jtcK�
l
�����_�
cK�
�M��
��_|�|��#�
���+iGj����o�T��z,���
�����

W± lT�������o�Gj��T���+���b	��
� \ �TlT���T	+�u����h cK�T��	��o�
SU(2)L⊗U(1)YcKÃ
cK�d�o��	��
iGj��^�_�
�«£N�
	
cK�o�������������n�������
�Gj��nc/�����
�_£N�T�MÁZ�T���
l�gW�X��|��
�b���mz,���
���M�

W± �
���
	
�
�_�
�{iGjW��	��G� \ gGh ���oiGj��
�Q���������T�G�w�M����l&l
���G�
�o�Gj��T	Q�M�&l
�������
	����
	Q�?x¢g�h \ �T	
l�gW��	�|����n�M�TÐW���_�
���������u��z����
��£B���_z��o����Íw�o�
�nl�g�����|��Tc/�T�G�
������|��
���T	��X�
�o���{�M�
��iGjW��	
�G���
���G�d�_�G�
�
	����_�
�
��Ï+�
	��T�X����l�gM���H�o�T�n�o�����T	���l����o���������T�diGjW�X	
�G��c/�����
�_£N���.���
lf�o��z,���
���Q�M�D
��o|�|��
���T�o�_�
�
�I�
�����d�o� �
���
�����oz��_�
�«��jI�t|��
���T	��X�
�o���M�
��]m�X���1�o�d��� ��q
�_�dÂ ���X���W��	��S��l
�T�«�M�
jI�KzW�X�
�
�1�Sx¢�T���X��� \ 	�� \ 	��
�
�������m������l��_����� \ �
�M�W�������T�
�,þ��7�Sx h��=��jMl
j�����	����_�
��� ² i ¶�¹?µ4¶¥¹ \ ��jM	�iGjSx¢�
�_�o�
��l
�rq?��l
�_���
���
�
�M�ni j®xy�T�o�o�T�v���wl
�rq?��l
�_���
��� \ ���T�bÂ j��_�
���XjI�ç��z����
	����4���o�����v��� \ �T	
�_c/�T�G�����o�T� ½ Ë¯Á �+�o���Tx�����qT	
�
�
��jM�
�T£N���_�^iGj��t�u�KzW�����t���T���X��� \ 	
� \ 	��
������c=�����
�s�T����z,�
�7�T��z��_�
�>�M�_Ä:�
	
�T�����s���t�o�/zW�X�
�
�M�
���T���X��� \ 	�� \ 	
�T�d£B�X�oz��_�
� \ jM�o�
iGj����o�vc/�X�
	
�olT��`�§f� �®xy�T��� \ �������u�X|����W���_���

e#��j�	w�
lT	
�o	��>�o�T�¤���T	
cK�
�{���&c/���
���&���
�{£N�T	
cK�o�����T�b���~jM�
�o�_�o�
�����
�{�_�����
	
��lT�
�o���M�¤���
j«jM�X��Öb�K�M�f�o�s£N��	
cK�s�

mψψ = m(ψLψR + ψRψL).
��Ê��_Ê.���

]m�X���1�u�^zW�X�
�����
�+�����X�
� \ 	
� \ 	
�T�«�M�nc=�����
�X���o�T�����T	
cK�
�+���nc/���
���n���
�1iGjW��	��G�«�M����h \ �
`Mi¨����������h \ � · µh�+³ �
x¢�
lT	
�_���
����������lv�

ULM
diag
u UR + URM

diag∗T

u UL

��Ê��_Ê�Ê.�

DLM
diag
d DR +DRM

diag∗T

d DL

��Ê��_Ê$���

��Í��o�T�7c/�X�
	
�olT�
�#���«c=�����
�
Mdiag

u =









mu 0 0

0 mc 0

0 0 mt









���
Mdiag

d =









md 0 0

0 ms 0

0 0 mb









�������+���o��|����W�X�o�
�#�T����Ís�_�
�7�X���_�
j�	��
mu,c,t

�T�
md,s,b

�
���G�Ë�o�
�7c=�X�
�
�T� \ g�h �
�_i jM�
�+���T�+i j���	
�G�
lT��	
	��
� \ ���M�W��������j m ��jw���
	�c/���M�fc/�����
�

mψψ
�[Ï+iH�ZÊ��_Ê������

=m� \ �
jI����jM�
�
�,�
lT	
�_	
�dl
�
��c/ÃTc/�T�«�
�
	�c/�T�����dc/���
�����G�W�������u��zW�����^���T�b�����X�
� \ 	�� \ 	��
�
£B�X�oz��_�
�
��e7��j�	dl
��£B���_	
���M	
�
�M�TÐW���_�
�������^�®x���z,��	����_�
��iGjW��	
�G�d������h \ � · µh�+³ �T�d������h \ ��`�i
�������n�u��zW���
�m£B�X�oz��_��� l
��cKc/�^��jI�{Ï1iH�ZÊ��yÚs�T�mÊ�� ��iGj��®�o�
�n�M�TÐW���_�
�
���o�T�G���������n�u��zW���
���M�
�



Ê.Ú

�����X�
� \ 	
� \ 	
�
������c/���
���v�

D0
L,R ≡









d

s

b









0

L,R

, D
0

L,R ≡
(

d s b
)0

L,R
,

��Ê��_Ê.ò��

U0
L,R ≡









u

c

t









0

L,R

, U
0

L,R ≡
(

u c t
)0

L,R
.

��Ê��_Ê�ö��

]^�������u�tzW������£B���oz��_���I�o�
���
�
	�c/�T�d�M�fc/�����
�
���Txy�Tl
	
�����T�G�m���o��	
�m�

U
0

LMuU
0
R + U

0

RM
∗T
u U0

L,
��Ê��_Ê$ø��

D
0

LMdD
0
R +D

0

RM
∗T
d D0

L,
��Ê��_Ê.Ú��

��Ít�o�
�+c/�X�
	
�olT�
�
Mu

���
Md

�������1c=�X�o�����T�W�����+���T�«c/�X�
	
�olT�
��ò × ò�iGj��T�olT����iGj��
�T�GÁD��c/�����
�
�M�
��iGjW�X	
�G�s�Sx¢�
���s�����Ml \ ����z��o�T�9����ÐW���_�/�W�X�����o�QzW�X�
�=�M�
�s�����X�
� \ 	�� \ 	��
��£B�X�oz��_�
�
�DÏ+�
	��T�X����l�gM���M��� \ �TjM��cK������	��
	«iGj��m�o�T�bc/�X��	��olT�
�1���mc/���
���^�����u��zW�����^£B���ozM�o� \ �TjM���T���nÃT�
	
�
�M�u��|����W���o�_�
�T�
� \ �X	nj�������	
������£N��	
c/�X���_���{z����<j����������_	
�f�

Zu
LMuZ

u∗T

R = Mdiag
u ,

��Ê��_Ê$���

Zd
LMdZ

d∗T

R = Mdiag
d .

��Ê��_Ê.ð��

`b���
�
�dcKÃ
cK����	
������£N��	
c/�X���_���s������������j��
���W�u�m	��
�u�4���o���t�
����	����_�
�+��� \ 	��
���
�o�������M�
�«i j���	
�G�
�M����h \ � `�i¨������h \ � · µh�+³ �W���M���_�
�n���TjI�QzW�����
���Sx¢�T���4��� \ 	
� \ 	
�
���

U0
L,R = Zu∗T

L,RUL,R, U
0

L,R = UL,RZ
u
L,R,

��Ê��_Ê.ÿ��

D0
L,R = Zd∗T

L,RDL,R, D
0

L,R = DL,RZ
d
L,R.

��Ê�� �����

ñ��T���
�W�����+c/���_�G�
�
�W�X�G��r��[xy�Tl�gW����|��b�Sx¢j��tz,���
���
W− �
���
	
�����T�ËiGjW��	�� �7������h \ � · µh�+³

���b�M����h \ �S`�i,�G����j�� \ ��jM�������b	��
�Tl
	
�_	
�d�?xyÏ+i,�HÊ��yð��������«�u��zW���
�����
���T���X��� \ 	
� \ 	
�T��£B���_z��o�T�



Ê$�

�X�o�����Ë�
D → UW− = U

0

L γµ D0
L W−

µ .
��Ê�� �IÊ.�

]^�������[x�Ï+iH�1Ê����IÊ��D���9	��
c/��	
iGj��KiGj��=���
j��_���_�
�f�
�o�Tc/�T�����f���
U

0

L

�T�
D0

L

� \M\ ��	��
�
�W�X�G��r
jM���nc/ÃTc/��|��
�M�
	��4���o��� \ �TjM���T�����_�����
	
��|��_	7�T���
�Tcsz��o�nl
��	+��jMl
j����nc/�X�
	
�olT���M���I���M�u��|����W���o�
�®x¢h \ �
	
cK�T���o�Kc/�T�u���M|��v���
�s�
�����
jM	
�
�ËÏ1�9jM���_�o�o�
�����f�o�
��Ï+i,�«Ê���Ê.ÿ����¤Ê������M�D����j��t���_�o�����
Ð��W���o�Tc/�T���{	
� \ ���
���
	Q��jI�'�T���X��� \ 	�� \ 	��
�{���¨c/���
���>�T�Q���_���
�����TÐ����o	¤£N��	�c/�T�o�_�
cK�
���=�o�
c/�X�
	
�olT��`�§f� �

D → UW− = U
0

L γµ D0
L W−

µ

��Ê�� �����

= ULZ
u
L γµ Zd∗T

L DL W
−
µ

��Ê�� ��ò��

= UL γµ
(

Zu
L · Zd∗T

L

)

DL W−
µ

��Ê�� �Xö��

= UL γµVCKM DL W−
µ .

��Ê�� ��ø��

ÁZ� \ ��������|��������[x�Ï+iH�ZÊ����XöKrv�[x�Ï+iH�ZÊ�����øsc/���G�
	
��iGj��v�

VCKM ≡ Zu
L · Zd∗T

L .
��Ê�� ��Ú��

ÁZ�
�wc/�X��	��olT�
�
Zu ���

Zd \ �
jM���
��� \ 	
�T����	��È�®xy�_c \ ��	��
�@iGj��T�o�o�T�¤�X���o�Tj�	
�{	��
�
�_�o�T�¤��j
lT��c \ �o�¥�M�T�
� \ j��o��i jM�n�o����� ��qT�o��Â �������W�X	
�v����£B����� \ ���+�M� \ 	
�T���ol����o���siGjW�����«r��u�^	��
�u�4���o���
�T����	
���_�
�+zW�����
�«�Sx¢�T���4��� \ 	
� \ 	
�T�«�M�dc/�����
���T�1�Sx¢�T���X��� \ 	�� \ 	��
�+£B���ozM�o�
�T��ÁD��c=�4��	
�_l
��`�§f�
�������������TÐ����o���
�K���T	
cK�d�M�
�1��	��X����£N��	�c=�4���o�����ËiGj��
�_l
���Mi jM�
�

Zu �T�
Zd �����
�b�T�o�Tc/�T�G�
�1�
�����

�M����ld�
jI�/��jM�
�
�,���T������csz�	
�T��lT��c \ �o�¥�M�T�1i jM�
�olT����iGj��T�
��e#��j�	«l
���
���d	��X�o�
���S���o�T���T�o�Tc/�T�G�
�
�M���u�^c/�X�
	
�olT��`�§f�ÜÐW|�j�	
�T�G�1�T�s£B���_� \ ��	�c/� �o�T� \ �X	���cKqT�
	
�
���o�ozM	
�
�7��jv��� ��qT�o��Â �������W�X	
�
���f�����_���
����ÃT��	��v���T�
�
	
cK�o�M�
����� \ �
	
�_c/�T�������_�
cK�
�����#`b��cKcK�t���¦�_�s���T	
	��Qz��o�T����a��
�Z�?x¢�T���4�
�XlT��jM�
�����
�KcK�
�
jM	
�
�KcK������	
�wlT�u���_	
�
cK�
���viGj��Q�u�&c/�X��	��ol
�Q`�§f� �Sxy�T��� \ ���K���u�X|����W���_���
]^�����vl
�wl��X�
�+���ç�������v�W�����t�[x�Ï+iH�nÊ�����ø>iGj��w�u�>����� �����o��|����W�X�o�_�
�/�M�Q�o�>c=�4��	
�_l
�w`�§f�
�XjM����	��o���Q�_�wc/�T�u����|��Q�M�
�K�������Tj�	
� \ ��	/�[xy�Tl�gW����|������Qz,���
���M�

W− �
����	��@���TjI�Ui j���	
�G�
c/�����
�_£N�T�+þ��n�
�O���È���wc/ÃTc/� \ ��j�	v�?x¢�
l�g�����|��Q���Qz:���������

W+ �1ÁZ��	�a��o�{���Q�u�&c/�X��	��olT�
`�§f� �T���w�����Ml>���>lT������	
a��o�
	/�o�T�¤l�gW����|��
cK�
�����{���@�������Tj�	
�w���T�{i j���	
�G�{c/���
���_£N� \ ��	
�[xy�_�����
	
��lT�
�o���/£B���oz��_���



Ê.ð

e7��	����_�o�_�
j�	��
���o�T��Ï+iH�:Ê�� �����T��Ï1iH�:Ê�� ��øf��� \ 	��ocK�
�����o��cKÃ
cK���o�����T	���l����o���/£B���_z��o���
���
	
�
�M�
jI�fiGjW��	��G�7���+��h \ � · µh�+³ ���#���«��h \ ��`�i,�.�W�X���7�M�
jI�f����Ä®�T	
�T�G�
�
�#zW�����
�#�Sxy�����X�
� \ 	
� \ 	
�
�T�
ÁD�QzW���
�=���
���T���4��� \ 	
� \ 	��
�f£B���oz��_�
� \ 	
� ��j����fj����=c/�X�
	
�olT�/�M�=cK�
�u�X��|��v���=�
�����
jM	s���u�$�
|����W���_�Qc/���_�KjM���@c/�X��	��olT�Q�M�@c/���
���������I�����o��|��������o�X�Ël
���I£N��	
cK�
cK�
���=��jU£B�����Ki jM�@�o�T�
£N�T	
cK�o���M���Sxy���_�
��� \ �X�m���sc/���
�����_��	
��i j®xy�_�o�d	
�
� \ �TlT�
�
�����u�K��h c/����	��o�

SU(2)L ⊗ U(1)Y
r

�
	
�T��gW��jI�����T���
	�|��o�X� � jsl
�����
	����_	
���$�o��zW�����b���T�Ë�T���X��� \ 	
� \ 	
�T�Ë���bc/�����
� \ 	
� ��j��_�7j�����c=�$�
�
	
�_l
���M��c/���
���s���u�X|����W���_��c=���_��j����sc/�X��	��olT������c/�T�u���M|����M�
�m�
�.���
j�	��������I�<���u�X|����W���_���
�o�tc=�X�
	
�_l
��`�§f�¦�Hl
���M£N��	
cK�
cK�
������j{£B������i jM���_�
�n£N�
	�c/�_�����nc/���
���_£N�n���f	
�T� \ �
lT�
�
��� \ ���
�o�f��h c/����	
�_�

SU(2)L ⊗U(1)Y
rf������	��^�Tl�g��
�_�o�d�Sxy�T���
	�|��o�X�M]^�����b�_�m�Q�I��qT�o�^Â ���X���W��	��S�I�o�

c/�����
�n���T�Ë£N�
	
cK�o���������1�u�^lT�����
�T	��X�X�
�o���t���n�o�^��h cK�T�
	
�o�
SU(2)L⊗U(1)Y

\ ��	Ë�_�
�Ëz,���������
W± rf�[xy��	
�o|��o���������o�mc=�4��	
�_l
�d`�§f� �Txy�¥� \ �o�_i jM�
���blT���4�����_�����
cK�
��� \ ��	1�_�nc/�Tl������_�
cK�n���

d�o|�|��
�

ë32 ú 2 ú í (�"$(W2¦CG-�"XEB�
(M-.EB*,5O%#�&AN(È29(M-."4EB6�� Ô�� �
ÁZ�
�f���T�����f��� \ �
	��ocK�
������j �9�M�
����	
�T�����=�M�
	
�M�oq
	��
���������T�
��������cK������	��h½ Ë¯Á�i j®xy�_�+���I�o�����

�
	
���_�7|��
���T	��X�
�o�����#���«£N�
	
cK�o�����D�W�����7�o�b���I�Mq
�o��Â ���X���W��	��:¿ � ��`^xy�T��� \ ��j�	�i jM���I�M��j��Ë���������
� jQiGj����o�sc=�4��	
�_l
��`�§f� �
���^j��M�fc/�X�
	
�olT��ò × òt�������M�
� \ ��	��

VCKM =









Vud Vus Vub

Vcd Vcs Vcb

Vtd Vts Vtb









.
��Ê�� �����

Ï+�¤����jM����|��
���T	����_�_�
���G�u�fc=�X�
	
�_l
��`�§f� l
�������_�
���M	������^Ê.ð \ ��	
��c/q���	��
�b	��
�T�o�b�_����� \ �T�I�
�����������

2N2 \ ��j�	 N |��
�M�
	��4���o�����Ë���b£N�T	
cK�o���M��� \ j��o��iGj��n�
�T�+�
�o�Tc/�T�����Ë�������+���
�+�M��csz�	��
�
lT��c \ �o�¥�M�T�
�7`b�
	������_���
�fl
�����
�_���
	
�X���_����� \ g�h �
�oiGj��T�s�oc \ ���
�T�G���
��jM�
�T£N���_�f�M�
��lT������	
���o�����T�
��j�	K�o�
� \ 	�� \ 	��o�T�
�
�K���Q�u�¨c=�X�
	
�_l
����l
�Qi jM� \ �
	�c/���=�®xy�T�¡	
�T��j��_	
�w�o�w����c�z�	
�Q��� \ ��	��$�
cKqT�
	
�T���o����� \ �T���W�����
�
�DÏ+�¦��Ä®�����Z�o�¤c=�X�
	
�_l
�t`�§f�Ù��������ÃT�
	
�vj����������_	
� \ ��j�	�lT�������
	����
	
�[x��Xc \ �_�_�
j����b�M� \ 	���zW��zM�o�o�������M�
�«�o�����T	���l����o�����+£B���oz��_�
� ½ Ë¯Á � ]^� \ �ojM�
����� \ �TjM�«c/�����
	
�
	 ½ Ä � �îÄô¿qÁ
Ògo ÓXÔ�Ø�×Ùì�ä�ê�Ô�ÝMÔ�ïÙçæØ�ç	ê�è¾å�Ü�×�ØhÕ(Ý�ÔTíîÔæê�ì�ÜÅ×ÙØhÕ(Ø/( Ô	Õ�å�òhèÙÕ(ò�ê�ç	ÝMÜÅå^òhè�ê^Ú�Ô�à
×MÝMý	ÚÅÔ#8ñå�è¾Ø)Ý�è¾ê¯ÝUÔ�å�ÝM×ÙÜ åßÝM×�ØhÖs å�ê�ÔTÝMç�å�Ôæê�ì�ÜÅØ�çTÔæ÷Mò)ç	ê�Ü�ì�ÔæØ|å�è�ÚÅÔ	ì�Ô	Ø|å	û



Ê.ÿ

t�uYvH>DÊ���ÊU>¤�«�X�o�
jM	
�n�T� \ 	��
lT�o�
�_��������l���j��T�o�_�
�n���T���T�o�
cK�
���
�n�����u�tc=�4��	
�_l
��`�§f� ½ Ë¯Áº�

iGj��fl
�T	������o���T�����
� \ gW�X�
�
��l
��c \ �_���I�
�������
�T���T�o�Tc/�T�G�
�������
����� \ ���d��z����
	��X��zM�o�
� \ g�h �
�Î�
iGj��Tc/�T�����He7��j�	nl
�T�d	
���o�������T�M�u�sc/�X�
	
�olT��`�§f� l
�������_�
�����
�Tj��o�Tc/�T����i j��X��	�� \ ��	��Xc/q���	
�T�
��z��
�T	��X��z��_�
�K�o����� \ �T���W�����
� ½ Ë5�îÄ � �îÄô¿qÁ �1�
	
���_�v����|��_�
�v���Qc/�T�u���M|��¦�

N(N − 1)/2 \ ��j�	 N
|��
���T	��X�
�o�������«���nj���� \ gW���
��lT��c \ �o�¥�M�s�

(N − 1)(N − 2)/2 \ ��j�	 N |��
���T	��X�
�o���M����� þ��®�T���
�_�����
	��
���������d���������
�
	�iGjSxy��jwc/���_���b�
	
���_��|��
�M�
	��4���o����������iGjW��	�� �����������M�
l
�T�
�
���o	��
� \ ��j�	
iGj����o�vc/�X�
	
�olT��`�§f� \ j��o���
�f�������_	���j�cK���_����j���� \ g����
�fl
��c \ �_���I���

e7��	����_�o�o�Tj�	
�T�H�u�=���T�
lT	
� \ ���o���>���t�u�Kc=�4��	
�_l
�s`�§�� \ �
jI��ÃT�
	
�t�
�_c \ �o�_Ð��
�f�Sx����X�������X|��
�����
l¨�u� \ �X	���cK�T�
	
�o�
�X���_���¡�M�¨Õ¦����£N�
�o�M�����T�o�:½ ÄÇÂ�Áo��`b���
��� \ �X	���cK�T�
	
�o�
�X���_���U�
�o	�� \ 	
��ÐM�{���
�o�@g��_�
	��X	
l�g��_�¤���
�v�T�o�
cK�
���
�s���{�u�>c/�X�
	
�olT�{`�§f� �o�_�oj�����	
�T�=��j�	t�u�>k7�o|��«Ê���Ê��+ÁZ�
�s�
	
���_�
�X��|��o�T�n����c/�T�u���M|��^h{��������	�� \ 	��
���
�����T� \ ��	��_�
� \ ��	
��cKqT��	��
�

λ
�
A

�T�
ρ
�W��� \ ��	��u� \ g����
�

lT��c \ �o�¥�M� η �7�����_�o�o�
�������o�t£B�����fi jM�=�?x¢�
�_�
cK�
��� |Vus|
�
���trQ�u�{£N���o� \ �T�����f�T� \ 	
�Tl
�o���
cK�
���

cK�
��j�	
��½ Ë¯ÁN���o�^�
�_c \ �_�_ÐWl
�X���_�����M��Õ9����£N�
�������T�o�tl
�����
�_������r \ �����
	1iGj�� λ = Vus

�T�1r�l
���olTj��o�T	
� \�\ 	
���I�oc/�X�
�_���Tc/�T�����o�T����jM��	��
���
�_�
cK�
���������v�o�¤c=�X�
	
�_l
�d��j���iGjSx�rw�?x¢��	���	
�

o(λ4)
� � �o�M�
�?�

���������u� \ �X	���cK�T�
	
�o�
�X���_���¤����Õ¦���_£N�T�����
�
�_�S���u�tc/�X��	��olT��`�§f� �T���d�������M�
� \ ��	��

VCKM '









1 − λ2

2
λ Aλ3(ρ− iη)

−λ 1 − λ2

2
Aλ2

Aλ3(1 − ρ− iη) −Aλ2 1









+ o(λ4).
��Ê�� ��ð��



���

ë32 ú 2 � Ý (ÈPDEN*,AB(I-$EB*,5 Ô�í
ÂI�+�o�¤���
lT��jM���
	��
�=���v�[x������
����c/�X�
�oq
	��f�.�X�������T�
� \ 	
�
�M�_���s�
g��
��	
�oiGj��Tc/�T���Ù¿Ç¿��S�o�w�M�
l
��jI�

���
	����¤iGj��{�_�
� \ ��	��
�ol
jM�o�
�f�T�t��������� \ ��	����olTj��o�T���
�¤lT��c \ ��	����
��� \ ��	�£N���o�f���_Ä:�
	��
cKc/�T�G�
�7���
�M����l�� �_���o�T�G���u����h cK�T�
	
�o�m`�e7�G£NjM��jM���^|�	
���������
j�	 \ 	
�_�
�X��`b���
���^���
lT��jM���T	��
�h½ Ä¯Ë¯Á,£NjM��	
���X�o���
���
���
�@Ê�ÿ�Ú�ö��
j�������rf�[xy��z��
�T	��X�X���_���v���d�u�����
���o�����T|�	��4���o���

K0
L → ππ \ �X	�`b	������o�K�T�bk�����l�g

r��b	
� ���GgW�����T�S��Á+x¢��� \ �_�ol��4���o���:½ Í�ÁI���^lT� \ g��T����cKq
�����W�������o�dl����M	
�^�Mjw��� ��q
�_�mÂ �������W�X	
�
£NjI�����������T� \ ��	�§���z��.h����
gM�#���^�@���
�4��Öb�/�
�ÈÊ.ÿ��XòM� \ 	�q
�d���������{��� \ �oj�������	
�
¤

e#��j�	^�¥� \ �o�_i jM�
	^�o�v� �_���u�X�
�o����`�e#� \ �X	^�u�t£N��	�l
��£B�X�oz��_���W�o�Z£B��jI�^���X���
	diGj��s�o�Kc/�X��	��olT�
`�§f�Ùl
�����
�o�
���fj���� \ g����
�Kl
��c \ �_���I�t��z����
	��X��zM�o���#`b���
�
� \ gW���
�Kl
��c \ �_���I�tl
��	
	
�T� \ �����
�Xj \ ��	���cKqT�
	
�

η
���¨�?xyÏ+i,�^Ê�� �XðM�nÂI� \ 	
�
���
��lT�¦�������{�u�Lc/�X�
	
�olT�&`�§f� �oc \ �o�_i jM��iGj��

VCKM 6= V ∗
CKM

�#`^x¢�
���flT�T�
�
�/�_���
|����o�����f���
VCKM

���
V ∗

CKM

iGj��+��� \ �_�oiGj��v�u�=� �_���u�X�
�o���
`�e �W�������_�v��� ��q
�_�KÂ �����M�W��	
�®� \ j��_�
iGj�� VCKM

�
xy� \�\ �_�oiGj��v��jI�>iGjW��	
�G���T��iGj��
V ∗

CKM�Tx�� \�\ �o�_iGj��¤��j �Û�����
����iGjW�X	
�G�{�º�����_	sÏ+iG�
�bÊ��yö>���{Ê���ø����#p#��jM����£N���o�T�7�T�Û��� \ �_�s�Mj9£B���_��iGj��
�_�
����c \ �o����j����T����� \ 	
��zW�Xz��o�_�_��� M �Sx¢�o�����T	���l����o����£B���_z��o���T�G�
	
���o�
�diGjW��	�� ���
����� \ 	
� \ ��	¿�
�
�o���M���
�_�o�
����jI�Q�
�_�
cK�
�����������o�vc/�X�
	
�olT��`�§f�¦�H�u� \ �_j \ ��	����Sxy�T����	
�f�
�_�o�T�n���f� �_���o�T�G� \ ���
`�e ½ Ë¯Á �,ÁD�v	����_�
���w�
���
���^iGj����o�
����zM�
�
	��X��z��o�T� \ gGh ���oiGj��
���
����� \ 	
� \ ��	����_�����
�_�o�T�n��j@l
��	
	��
�M��lT�
�m�Xc \ �_�_�
j����
�¾¿�Â
� Γ ∼ |M|2 �W���^�M����ls�Xj�l
��	
	������T�^�T�o�
cK�
���
�����f�u�vc/�X��	��ol
�f`�§f�
� |VCKM |2 = |V ∗

CKM |2 ���
ÁD� \ gW������l
��c \ �o�¥�I�f�M���u�sc/�X��	��ol
��`�§�� \ �
jM�d���
����cK���o���bl���j����
	d�u��� �o���u�X�
�o���¤`�e

�������wl
�T	����X�o���T�{l
�����M�_���_�����T�ne7��jM	{i jM�ÈlT�
�o�ç��� \ 	
� ��j��_�
���b�o��£B�XjM�wiGjSx��Xj cK���o�M�¤���
j �
�M�u��|�	
��cKc/�T�m���/kH��h ��c=�X�¦����Ä®�T	
�T�G�
��lT������	��oz�j��T���s�����Tl=j��M�/�_c \ ��	�������lT�t�
�
c�z��u��zM�o�vr
�[x��Xc \ �_�_�
j�������� \ 	���zW��z��_�o����� M �SxyjM���^lT�
	������o�M�����T�
�_�G�
�
|�	
�X���_��� ½ Äô¿qÁ �����
�HiGjSx¢�o�_�oj�����	
����j�	��o�
k7�o|��ZÊ����I�,]m���M�^l
��l����T�®�_���
�
	�c/���Sxy�_�����
	�£N�
	��
��lT���
���
	
�s�_�
�d���u��|�	���cKc/�T�n�
���m�
�T���
�_z��o����j
���o|��M�/���=�u� \ gW�����¤l
��c \ �_���I�/�M�
�s�T�o�
cK�
���
�����/�u�wc=�X�
	
�_l
�=`�§��È��ÁZ�=l�g�����|��Tc/�T�G�����
���o|��M�b��js�
�
	
cK���Sx¢�o���
�
	�£N�T	
�T��l
�X� \ 	��$���
�W�X�G�«���b�u���M�_Ä:�
	
�T��l
�b�
����	�� VCKM

�T�
V ∗

CKM

� \ �TjM�
�Xc/�T���
	K���
�/���_Ä:�
	��
��lT�
�/��z��
�T	��X��z��_�
�K�
����	��@j��M�@���T�
�o���
�
|�	
�X���_���U���¤�
�¦���T�
�o���
�
|�	
�X���_���

Ò�ÒÇü�Ü�ê�èÙÖ�ê�ç	è�ÚÅÜéÕ�Ô4ÔæØw]yxdzL]�ð|Û�Ô%Õ�×ÙØ ç	ð|Ûhè¾å�Ü�×�Ø�ÝMÔ{]6x�|�}Dò�ê�çôÝMÜÅå�Ú)( Ôæ÷MÜ�Õ�å�Ô	ØhÖ�ÔUÝ�( è�Ø|å�ÜW��ç	ÚÅÔôÖÇå�ê�×�Ø)Õ¯ø ,�ú ûHÓ~( è¾Ø[�
Ø�çæÔaÕ�Û�ÜÅó�è�ØÙå�Ô�ã(Ö�ÔôÕ
ÝMÔæê�Ø�Ü�Ôæê¯Õ4Õ�×�Ø|å%×�ähÕ�Ôæê�ó�çôÕ�ò�×�Ûhê
Ú�è�ò�ê�Ôæì�ÜÅý	ê�ÔSíî×�ÜéÕUòhè¾ê
á^ØhÝMÔæê¯Õ�×�Ø Ý�è¾ØhÕUÚ�Ô	ÕUê¯è¢ë�×�Ø)Õ
Ö�×ÙÕ�ì�Ü�ð|Û�ÔôÕ¯ø 	.	�ú�û
Ò
� � ×ÙÜÅê�8MÔ	Ö¾û
]�û �hû



�IÊ

t�uYvH>7Ê�����>¤þ��o�_j����
	��X�
�o���w���T�����TjI� \ 	
�_��l
� \ ��jI�{���u��|�	���cKc/�T�n����kH��h ��c=�X��	��
� \ �����
��z��_�
�
�M���o�K���T�
�_�G�
�
|�	
�X���_���

B̄0 → ψKS

�:Á+x¢�o�����T	�£N�T	
�
�Ml
���M�
�^�M�
jI�����o��|�	��Xc/cK�
��£B�������
�>����	��
�
iGj��=�o�v����jI�9���/���
���o�����T|�	��X�
�o���

Γ ∼ |M(B̄0 → ψKS)|2 �
���t���_Ä:�
	��
���s�M�¤l
�T�oj��«���=�o�
�M�
�
�_�����
|�	��X�
�o���

B0 → ψKS
�W������� \ �o�_iGj����u��� �o���o�X���_���w`�e \ ��	�l
�T���������T�
�o���
�
|�	
�X���_���S�

`�e��<l
���4��jM|�j��
�X�Dl�x¢�
�����¿r4�<���o	��t�u�=� �o���u�X�
�o���¨`�e#�#e���	�l
���f�TÄ:�T�f���v�u� \ gW�X�
�vl
��c \ �_���I�t���
�o�tc=�X�
	
�_l
�f`�§f�¦�W�u�s£N��	�l
��£B���ozM�o�m�T�����?x¢j����oiGj����_�G�
�
	
��lT�
�o���Q��jM�
��	
�_���������o�t� �_���u�X�
�o���{`�e
���������o�f��� ��qT�o�fÂ �������W��	��S�

]^� \ j��_�n�u���M�
l
��jM���T	�������	��o|��_�W���_�d�M��`b	
���M�o�{�T�nk��_�
l�gS� \ �oj����o�
jM	
��c/������£N�
�����X���_�����1����£u�
£N�T	
�T�G�
�
�t���{�o��� �o���o�X���_���9`�e �����t�����{��zM�
�
	����T�
�
� \ 	
�o�Ml
� \ ���o�Tc/�T�G��|�	
©�l
�{�XjI�Ûj����o���T�tr
cK�
�������

B
� Ê l
�v����j�	
���u�¦� �_���u�X�
�o���¡`�e �¦�T���&��z��
�T	����T�¨�W�����=�o�
�=���
���o�����T|�	��X�
�o���M�>�

K → ππ
�
K → π`ν

�
B → ψKS

�
B → K+K−KS

�
B → D∗+D∗− � B → η′K0 �

B → f0KS

�
B

0 → K−π+ �T�
B → ρπ

½ Ë¯Áº���T�1�
��jM�1	
�Tl
�Tc/cK�
���«�W�����«�o�T�+���
���o�����T|�	��4���o�����
B0 → D+D− ½ ÄÇÌ�Á �T�

B0 → ππ
½ ÄÇÍ�Á �

ë32 � í *:!D"4RS!D*:E�CG-.!7%#EB�G"/AB(È29(I-."4E[6�� Ô�� � �
�@�X�o�����T�W�����^iGj��f�o�T� \ 	
�o�Ml
� \ ��jI�{lT����lT� \ �
�^|��T���
	
��jI����j@���I�Mq
�o��Â �������W�X	
�@���G�d�����

�_����	
� ��j������T������j�� \ ��jM�������b�T�G�
	
�T	��W�X�����_�n�I��£S��j/�
j4�����b���b�M�
c/�������T	d� \ ��j�	�i jM��������jM�o���_	
����j��M�o�
	��u�^c/�X��	��olT��`�§f��ô�e#��j�	�i jM�����
x¢�o���
�
	
�T�
���
	«rm�u� \ 	
�
���
�����n�
g�q
���ni jM��	�� \M\ ��	�����j����
cK�
��j�	
�K���K�?x¢�
�_�
cK�
���

Vub

���/lT�T�����Kc=�X�
	
�_l
�Dô=ªd��j������o�_�����m�����o	�iGj����D�T�9£B���_�
�S�o�����I�o�����
\ �oj����o�
jM	
��z,�����M�
��	
���o�������7�Sxy����j��M�o�
	7�u�dc=�X�
	
�_l
��`�§f�¦�����ËiGj����o�dcK�
��j�	
���M�b�
���s�
�_�
cK�
���



���

Vub

�T��� \ ��	����_l
j��_�oq
	��
cK�
���n�_c \ ��	����������¥¤
p#��jM�{�®x���z,��	��S���M��j��{���������=� jYiGj��&�o�T�=�
�_�
cK�
�����/���>�o�¦c/�X��	��ol
�@`�§f� �
�����{�M�
�

\ ��	���cKqT�
	
�T���o�_z�	
�T����jO�Q�I��qT�o�¤Â �����M�W��	
�®�ËÁD�@�������
	�c/�_�W�X�
�o���È��� \ �
	
�_c/�T�������_�=���¤�_�
j�	��
�X���_�
j�	��m�
����������lt�_c \ ��	����������f�
�¨�����?� Ê l
�tl�gW� \ �_�
	
���:�u�=�M�T���T	
cK�o�W�4���o���@��� |Vub|

	��T��ÃT�
jM���n�oc \ ��	����X��l
� \ ��	��
�olTj��o�_q
	
� \ j��_�
iGjSx¢�o�M�Tx��X|��_�����n�?x¢�
�_�
cK�
���+�o� \ �ojM� \ �����_���T�1�_�����
j �M�_q
cK�
cK���_��� \ 	��
l
�_�
�Tc/�T�G�dcK�
��j�	
�f�����u�sc/�X��	��olT��`�§f�¦�

p#�
�HiGj��d���o��l
jM�
��z�	��oq����
cK�
���«�W���M���[xy�_�G�
	
� ��j�l����o���t��j/lT�������¥�I�
�^���IlT�u���[���o��z�jI��jM�_���_c/�
�M�+l
�T�����1�T�
j����1���Tc/�Tj�	
�Ë�
��jM����£N���o�Z�M�+l
������	��oz�jM�
	Drnc/���
�
	
�Ë�T�����I�_���
�Ml
�1���
� \ gM�
����cKq
�M�
�
\ gGh ���oiGj��
������jM������jI�:��e7��j�	7l
�1£B���o	����.�_� �T��� \ ���
�
�_z��o�«���«c/�T�
j�	��
	7l�gW��l
jM�s���
�7�
�_�
cK�
�����#���
�o��c/�X��	��olT�^`�§f� �M� \ �ojM�
�o�Tj�	
�1£B��¨T����������Ä®�T	
�T�G�
�
�T�I�T�{�
xy���
��j�	������n�®xy��zI���
�M�o	bl�g���iGj��^£N���_�
�o��c/ÃTc/�n�X���o�Tj�	
��þ��H�T����l
� \ �
�M�W�������T��l
��	�� \ �oj��«�o�����T	
�T�
���X�G�b���dl
��cszM�o���T	«�_�
�1����Ä®�T	
�
���
�
�
cK�
��j�	
�T�m�o�M���_� �o�Mj��
�_�o�
��	��
�o�_�
�T�mr/�o�/c/�X��	��olT�s`�§f� �XÐW�@�Sxy����j��M�o�
	��u�Kc=�X�
	
�_l
�f�W�����m�����
�T���
�Tcsz��_���#Ï+�9�TÄ:�T�
�7���9�w�Ij¦iGj��/�o�Qc/�X�
	
�olT�K`�§f� ��������ÃT��	��/�M�
l
	��_�
� \ �X	����
j��_�
cK�
���
iGjW�4��	
� \ ��	���cKqT�
	
�T���

λ
�
A
�
ρ
���
η
�����o��	��biGj���l�gW��lTj��Q���
�����TjM£��T�o�Tc/�T�G�
�n�����u��c=�X�
	
�_l
�

\ �
jI�ËÃT�
	
��c/�T�
j�	��b�o�M��� \ �
������c/cK�
���
��÷mj�� \ �_j����T�����X����j������������7�Ij�i jM����� � �b����Ä®�T	
�
���
�
�
�M�
�
�_�����
|�	��X�
�o�������I�_���u�X�G�m`�e ���G�m�T���t��z��
�T	����T�
����j��
iGjSxyr \ 	
�T�
�T�G�
�Z�T���M��j��m���T	
	�������iGj��
�o�f�M�o� \ ��	
�����o���K�M���[x������
����c/�X�
�oq
	��������M���^���dz,�������T�b	��X�o�
�������M��lT	
���_	
�di jM�^���d����cszM	
�
j �
�XjM��	��
� \ g��
�M��c/qT���
�7�
��lT��	
�«�o�Ml
�����Gj��#���������T�G����j����
��� �o���_�
	#`�e#��=m	
�.�_�����I�Mq
�o��Â �������W�X	
�
\ 	
�
�M�_�¤iGj��&�o�È�X���_�
j�	/���&�u�È�
�
jM�o� \ g����
�&lT��c \ �o���I� η �����_� \ ��jI�����_	=��� \ �_�oiGj��T	=����jI���
� �_���u�X�
�o���Q`�e#�,�
��jM�d�
�@�T���X�G��l
��g��
	��
�����t�����
l��_�
�dc/�T�
j�	��
�����o	��
lT�
�
�����
���
�o�Tc/�T�����d�����o�
c/�X�
	
�olT��`�§f�¦�

]^�T��cK�
��j�	
�T����� \ �T	
�_c/�T�G�����o�T� \ 	��
l
�_�
�T���������X	
�o�T�
�����s�
��j����o�T���
�_�
cK�
���������v�o�=c=�$�
�
	
�_l
�«`�§f�à���#���+�u��� �o���o�X���_����`�e \ ��	 \ �ojM�
�o�Tj�	
�Z�M�
�
�_�����
|�	��X�
�o�����Z�M�_Ä:�
	
�T�����
�DlT�������
�_�
j��
���
�M����l^jM���^c/�����_q
	
� \ jM�o�
�
����������� \ ` ¶�½�µ4³W±[¶�²�¹º³,·�¶�» �o�^��� ��q
�_�mÂ �������W�X	
�=��������	
�Tl�g��
	�l�g��
	
�_�
� \ 	��
jM���
�d�����?x¢���I�_�����T��l
���M������jM���
�o�_� \ g�h �
�oiGj��X�He7��jM	dlT��csz��_���
	b�o�
�bl
������	
���o���
�
� \ 	
�4�
���
�W�X�G�����d�u�m� �o���o�X���_���v`�eL�����M�
�«c/�T�
j�	��
�«���o	��
lT�
�
�«���
�«�
�_�
cK�
�����1���d�u��c/�X��	��olT��`�§f�¦�
�M��j������
	�	
�����^i jM���u�vl
�������
	
j�l����o���@��j d ¶¥¹B²�³Xe�¾o»�· � y ³W¹º±?²�¶¥¹º±�­ ½ Ë5�îÄô¿qÁD�T��� \ ��	��
�ol
jM�o�oqT	
�Tc/�T�G�
jI���o�_���4�T�1iGj����?xy��cK�
�_�o��	
�X���_�������n�u�mcK�
��j�	
�n��� |Vub|

h�����j��nj��v	�a��o���_c \ ��	����������X]m���M�«�����
�����X�f�XlT��jM�
�?�Z�M��j������T	
	
������iGj��v�_�tp7	��u����|��o�s�Sxy���M�_���X	
�_�
�tc/���G�
	
�t�����
rQiGj��T�oiGj��T�����o|����T�
�_����	
�_|��������7iGj�� \ ��j�	
	
���o�T�G��z��o�T�vÃT��	��
�+l
��j��
�T� \ ��	Ë���T� \ g��
�M��c/qT���
� \ g�h �
�_iGj��
�1�o�Ml
�����Gj��T�



��ò

Ï+�MÐ��S�®����j��m���T	
	
������iGj��s�?x¢�T�
j����s�M�
�m���T�
�_�G�
�
|�	
�X���_����� \.» _ ¹º¾o» i ±�µ4³W¹�� ` »�\ jM�
�o�_�o�
�T�
� \ ��j�	
cK�
��j�	
�T	 |Vub| \ �
	
cK�T�d�Xj��
���Z�?x¢�T��jM�������
� \ 	�� \ 	��o�T�
�
���T��l
��	
��c=�X�®l
�����Gj��
�d�����u�v`�]m÷ùr
z����
�����T���
	�|��o�X�

ë32 � 2Bë Ý (9%#E[�T)7(�"4Eº-$EN*:5U%#�>A�0Î(W5:-.E � 29(M-$Eg4G"$�
ÂIjM�_����r=���/���
lT��jM���T	��
�t�
�LÊ.ÿ�Ú�ö��H�?x¢�o�����T	
Ã�� \ ��j�	��u�K� �_���u�X�
�o����`�e×�/�����scK��j����
� \ ��	

ÂI���GgW��	
�.� ½ Ä�Î�Á �DiGj���cK������	
�QiGj��/�
�«�?xy���������T	
� \ 	
�_c/��	����u�X� \ 	
�T���_� \ ��	f�u�{��gM�
��	��o�K��jL�b�_|
�b����|Ûl
���G�
�
�W�X�_�w��jI�������{���@c=�X�
�oqT	
�@iGj��&�®x������
����c/�X�
�oq
	����«���_��	
�/�u�¦� �o���u�X�
�o���¡`�eÜ�T���
�[xyjM�������
�n�
	
���_�nl
�����M�_���_�������M�
l
�T�
�
���o	��
� ¿�Ä \ ��j�	n��� \ �_�oiGj��
	n�o� \ 	
�T����cK�o�W�X��l
����l���j��T�o�_�m���
�o�sc=�4���oqT	
�m��j�	d�?xy���������<c=�4���oqT	
�X�

ÁD�niGjW�����������+�
|����o�+���+c/�X�
�oq
	��Ë�T�D�®x������
����c/�X�
�oq
	����W�X���Z�?xy���������T	
� \ 	��ocK��	
���o���4�Sxy�T���#l
�¥�
\ �
�M�W����� \ �X���_��|��oiGj��Tc/�T���1���
lT�
�
�
���o	�� \ ��j�	«��� \ �_�oiGj��
	«�u�����_� \ ��	��_�
�o���t���d�?xy�������Î��c/�X���_q
	����
Ï+�>��Ä®�����,�o�D�
��� \ ���
���oz��_���Sxy�$��j������T	^�o�T� ½�µ4³,·�¹º±B¹?µ4³]\f¹º³W¹º±[¹B²�¾o»�\ ��j&�b�_|=�b����| \ ��j�	diGjSxy�_�#h
�X�_�n�_���_�
�u���_�
cK�
���b�Tj�jM� \ �
j \ �ojM�d�M�fc/�X�
�oq
	��miGj����Sxy���������<c=�4���oqT	
�X�

`b� \ �T���W�������b�
�'���>zW���
�����{�
j�	/�o�T�=�
�����_c=�X�
�o���M�/�X����	�� \ g�h �
�_i jM�
�{���T�¤���
�M�
�_�
�
�¤�M�
�
z���	�h������

nB

�T�7���
� \ g����
�����7��j�	
�.h��������Tc/�T���+���1£N������lT���
cK���_��|��oiGj��
nγ

�W���M���?xy���M�_���T	
�T�
���Q��zM���_�
���d�o��	��4���o�{�

R =
nB

nγ

' nB − nB̄

nB + nB̄

' 10−10.
��Ê�� ��ÿ��

��Í
nB̄

	
� \ �
���
�����K�u�/���
�����_�
�t�Sx��X�G�
���<zW��	�h������T�SÁD�=�X���o�Tj�	m���
R

�oc \ �_�oiGj��fiGjSxy�_�7£B��jM��	������
iGj����_�m����c�z�	
�m�_���_�
�u���W�M� \ ��	��
�olTj��o�T�b�
���_� \ 	��
lT�o�
�Tc/�T����Ê��������������������MÊ�£N���o�b�
j \ �
	��o�
jM	n��j
�M��csz�	����_���_�
�u���,�Sxy��������� \ ��	����olTj��o�T�
�We#��j�	d�u� \ �oj \ ��	��d���T� \ gGh ���ol
�_�
���T�:jM�����T�#�$��j����
�
cK�
���
g�h \ �
	��?ÐW�ç���
�tlT�����������_�����s�_���_�
�u���_�
���Sx¢�
��� \ ���t���X�
�o��£B���o�
�������7Ï1�ç|��T���
	
���?�7�o�/	��X�
�o�

R '
10−10 �
����������l \ �ojI��a��b�o�����T	 \ 	��T���^l
��cKc/�dj����^c/�T�
j�	��m���m�o��iGjW�����������m�M�^� �o���o�X���_���/`�e
\ 	
� ��j��_�
����� \ j��o���o�����o|v�����M|��

Ï+�v	
�����X��l�g������?x¢�
�����
csz��_�b���n�o�d� �o���u�X�
�o����`�e¦��zM�
�
	����T�Ë��jM�
iGjSxyr�c/���_�G�
�
�W�X�G���
���+���T���
�
�
cK�
�����o����jMÇK��������� ½ Ñ�Á \ ��j�	���� \ �_�oiGj��
	d�u�v���_� \ ��	��_�
�o���{���f�?xy�������Î��c/�X���_q
	���� \ ��	^�Xj�cK���o�M�
�M���¦��	
�M	
�
�����¤|�	
�������Tj�	©¤�þ����
xy��|����s�urQ�Sx¢j��Ûz:���L�o���M�ol
�/iGjSxy�_���M���_��£N��	�� \ 	
��z���z��o�Tc/�T���
Ò
	æÓXÔ	ÕGÝ�ÔæÛM÷4è�ÛMå�ê�Ô	Õ(Öæ×�ØhÝ�Ü å�ÜÅ×ÙØhÕ(ÝMÔ�8Mèd-|þ)è¾ê�×�ó�Õ�×�Ø|å(Úéè�Øh×�Ø[�qÖ�×ÙØhÕ�Ô	ê�ó�è¾å�Ü�×�Ø�ÝMÛ%Ø�×Ùì�ä�ê�Ô¥ähè¾ê�ë�×ÙØ�ÜéðÙÛhÔ�C ÿ"E

Ô�åGÚéè�ê�Û�òMå�Û�ê�Ô¥Ý�ÔTÚl( ç	ð|Û�Ü�ÚÅÜ�ä�ê�Ôßå�þ�Ô	ê�ì�ÜéðÙÛhÔTÚÅ×Ùê�Õ�ð|Û�ÔßÕ�Ô¥ò�ê�×ñÝ�Û�Ü�Õ�ÔæØ|å(Ú�Ô	Õ(ê�ç	èÙÖÇå�Ü�×�Ø)Õ:óñÜ�×�Úéè¾Ø|å��:â0Ô�åGÿßû



�Xö

t#uYvH>ZÊ���òS>¤þ��o�_j����
	��X�
�o���¤�Mj�p#	
�o����|��_�m�Sxy����������	��_���X�

�¥�I�o���
�
	t���T� \ g��T����cKq
���T� \ gGh ���oiGj��
�v�T��l
��	��{�o��lT�����Gj��s� �o���u������£N��	����Tc/�T���t�u�@��h c/����	
�_�
`�e ¿�Ë �®Á#� ° `Mi »�¶¢\ �)_ ­�±B¶¥¹?» �����u� \ �oj \ ��	��^���
�mcK� ��q
�_�
�^�M� \ g�h �
�oiGj��v����jM���T�o�o� \ 	
�T���o���
���
�®x����_�o�_�
j�	��n�?x¢���I�o�����
�Ml
�f�Sxy�_c \ ��	����������T���
��j�	�l
�T�m�����I�_���u�4���o���Q`�e'�
j \�\ �o�
cK�
�������o	��h½ Äô¿qÁ«�Nj��
�¥�I�
c \ �o�����
	�� \ 	��
���
�����frt�u�tÂ �
l��ZÊ���òM�yòM��Ê$���MÁ+xy����j����������o��� �o���o�X���_���{`�eUl
������������j���������l
jM���f�.���
�Gj������
� \ �ojM�d�_�����
	��
�����������T� \ ��j�	�	��
l�g��T	
l�g��T	^���T� \ gM�
����cKq
�M�
� \ g�hI���oiGj��T������jI�
������j �®�

ë32 � 2 ú Ý �&Ób"4EB(�5#F,AN�@%10� Q5#Eº-.(�"4EN-�C
ÁZ�tp#	
�u�X��|��o���Sxy����������	��_��� ½ Ë5�îÄô¿qÁ �T����j��¨��jI���o� \ ��	����_l
j��_�oq
	��
cK�
���m��ÇKl���lT� \ ��j�	^�u�=cK�o���

�T�U��� �o���T��l
�w��� \ g��T����cKq
���T�v����jM������jI�Ol
��	t�o� \ �T	
cK�T�v���{lT��csz��_���
	t�M�Q�M��csz�	��
j����
�
cK�
��j�	
�T� \ 	
�.���T�W������r¤�u�=£N���_�^���v�o�/� �o���o�X���_���&`�e×�T�����t�o�¤���T�
�
	
cK�o���X���_���@���_	
�TlT���t�M�
�
�T�o�Tc/�T�G�
�s���¤�o�@c/�X��	��ol
�=`�§f�¦� \ ��j�	��o�
��	���cK�
�M�
	tr@���
j��_�
cK�
���t���TjI� \ ��	���cKqT�
	
�T�w�

ρ̄
���
η̄
���,`b��cKc/�^�
���Q����có�[xy�_�����_i jM���M�_��p7	��u���M|��o�m�®x��d���_����	
�����m	�� \ ���
���
jM	d�[xyg�h \ ����g�qT�
�����

�[xyjM���_����	
�����m���f�u�tc/�X��	��olT�f`�§��È�,iGj��#��������ÃT�
	
���I	
���o�����7�Xj�l
j��M� \ �X	����_l
j��_���o��lT�����Gj������
lT������	��oz�j��¤��jI�9�o�����T	���l����o������£B���_z��o�T�
��`b�T�����{j���������	��_�
�/���{�o��c/�X��	��olT�{`�§f� �oc \ ���
�=�o�
Ò�ù $�ØSò�Ú�ÛhÕ¥ÝMÔ�Ú�è4óñÜÅ×ÙÚ�è¾å�Ü�×�Ø��:âJÝ�è¾ØhÕ�Ú�Ô	Õ�å�ê¯è¾ØhÕ�ÜÅå�Ü�×�ØhÕ^ÔæØ|å�ê�Ô�Ú�Ô	Õßð|Ûhè¾ê.-MÕæã)ÜÅÚLÔôÕ�å¥ÜÅØ|å�ê�ç	ê�ÔôÕ�Õ�è¾Ø|å�ÝMÔ�Ø�×�å�Ôæê

ðÙÛhÔ�Úéèkê�çôÖ�Ô	ØÙå�Ô�×�ä)Õ�Ô	ê�ó�è�å�ÜÅ×ÙØ
ÝMÔ�Ú)( ×|Õ�ÖæÜÅÚ�Úéè�å�Ü�×�Ø
ÝMÔôÕ^ØhÔæÛMå�ê�Ü�Ø�×ÙÕ�Õ�Ûhï�ï�ý	ê�Ô�ð|Û�Ô�ÚÅÔôÕGÚ�ÔæòMå�×�ØhÕ�ò�×�Û�ê�ê�è�ÜÅÔ	Ø|å^è¾ÛhÕ�Õ�Ü
Ö�×�Ø|å�ê�Ü�ä�Û�Ô	ê&!�Ú�è�óñÜÅ×ÙÚ�è¾å�Ü�×�Ø��:âLûL�:Ô�òhþ�çæØ�×Ùì�ýæØ�ÔßÔæØhÖæ×�ê�Ô^þñëñò)×�å�þ�çæå�Üéð|Û�ÔßÕ�Ôæê¯è¾ÜÅå:Úéè�Öæ×�ØhÕ�ç	ð|Û�Ô	ØhÖ�ÔßÝMÔßò�þhè�Õ�Ô	Õ
Ö�×�ì�ò�Ú�Ô�÷MÔôÕ�ÝMÔ�Úéè�ìkè�å�ê�ÜéÖ�Ô�ÝMÔ�à e 8�ã�Ú)( è�Øhè¾Ú�×�ïÙÛ�Ô�ÝMÔ�Úéè�ìkè�å�ê�ÜéÖ�ÔH�&�Tà ò�×�Û�êßÚ�Ô�Ö¯þhè�Ø�ï�Ô	ì�ÔæØ|åßÝMÔ�Õ�è¢ó�ÔæÛhê
ÝMÔ	Õ©Ú�ÔæòMå�×�ØhÕ	û



��ø

lT�����������_��� ∑
i VijV

∗
ik = δjk

� \ �T	
cK�T������������������cKc/�T�G���M�f�M�
��j��_	
��iGj��v�

VudV
∗
ub + VcdV

∗
cb + VtdV

∗
tb = 0

�¿Ê���ò����
VudV

∗
ub

VcdV ∗
cb

+ 1 +
VudV

∗
ub

VtdV ∗
tb

= 0.
�¿Ê���òIÊ$�

Á+xyÏ+i,�MÊ���òIÊ��X��zM���T� jM�n�
�t�����I�_���������?xyÏ1iH�IÊ���ò�� \ ��	Ë���
�+�T�o�
cK�
���
�Ë�o�T�Ëc/�_�
jI��lT�����Gj��
�
VcdV

∗
cb

�
�M�TÐW�������o�mp#	
�o����|��_�^�Sxy���M�_���X	
�_�
�m�o�_�oj�����	�����j�	��u�sk��_|��®Ê���òM��`b����	
�o����|��_� \ ���
��q
��� \ �_j��
�_�
j�	��
\ 	
� \ 	��o�����
���_�����
	��
�����������T�
�7�����t�X���_�
j�	m�M���I���Gj��_�o�Q�

< π
�^���v�
�T�����M|��o�T�

β
���
γ
�
α
�^�oct�

\ �o�oiGj��d�u� \ 	
�T�
�T��l
�����d�I�_���u�4���o���¤`�e \ ��	��o�T�b���T�
�o���
�
|�	
�X���_�����b�M�
��cK�
�������
B0 ���

B0
�IÁZ�

����cKc/������j{��	
�o����|��_�m�
���d��������� \ �X	d�_�
�n���TjI� \ ��	
��cKqT��	��
�f�
ρ̄
�
η̄
�^�

ρ̄ = ρ(1 − λ2

2
+ o(λ4) )

�¿Ê���ò����

η̄ = η(1 − λ2

2
+ o(λ4) ),

�¿Ê���ò�ò��

��Í
ρ
�
η
�T�
λ
�
�����s�_�
� \ ��	
��c/q���	��
�f���KÕ¦����£N�
�������
�_�¦�M�TÐW���_�srQ�u�QÂI�
lX��Ê�� �I���I�#Ï+�MÐW�S�#���

\ �
jI�+c/���G�
	
�T	�iGj��n�o�T�Ë�o����|��
jM	
���M�
�+l
aX���
�+�Mjs��	
�o����|��_�1�
�����1�����M���
�T� \ ��	Ë�_�
���¥� \ 	
�T�
�
�_�����
�Tl
	��_���T���
j�	��u�tk7�o|��:Ê���òv�T��iGj��f�
�T�^�X��|��o�T�n�
�����d�����M���
� \ ��	n�_�
�n	
�T�u�X�
�o���M�m�

β = arg

(

−VcdV
∗
cb

VtdV ∗
tb

)

,
��Ê���ò�ö��

α = arg

(

− VtdV
∗
tb

VudV ∗
ub

)

,
��Ê���ò�ø��

γ = arg

(

−VudV
∗
ub

VcdV
∗
cb

)

.
��Ê���ò�Ú��

þ��S�T��� \ ���
���oz��_�m�����������T	
cK�o���T	���� \ �
	
�_c/�T�������_�
cK�
�����o�����X�o�
jM	b����l�gW�Xl
j��Q���
���X��|��o�T�
���^�M�
�dl
a��
�
�^�Mj�p#	
�o����|��_���Sx��d���_����	
����� \ ��	����T��cK�
��j�	
�T�^�_c \ �_�oiGjW�����n�_�
��cK�
�
�����

B
�
Bs���

K
�:Á+xy�����X�m��lT�
j��
�7���
��l
������	
���o���
�
�m�¥� \ �
	��ocK�
�����X�o�
�d�
jM	m�o�T� \ ��	
��cKqT��	��
�d��j&p#	
�u�X��|��o�

�®x��d���_����	
�����^�T���d�o�_�oj�����	�� \ ��	n�o�sk��_|��®Ê��¢ö��H`b��c/cK�^��� \ �
jM���_�m�����_	��
jM	d�o��ÐW|�jM	
���W�[x��X��|��o�
β

�
���v�o� \ ��	
��cKqT��	��¤�o�=c/�_�
jI�Lc/�T�
j�	��{��jO�
	
�o����|��_���D�������M�o�siGj��w�o�T�v��jM�
	
�
�K���M|��o�T�s���
������� \ ���=�
��lT��	
�>�M�T���T	
cK�o���T�/�
	
q
� \ 	
�Tl
�o���
cK�
�����bÁZ�
�¤cK�
��j�	
�T�{���
�¤lTa����T�¤��j'�
	
�u�X��|��o�
�M�T� �o�T�����
������j����
�+	
�T�u�X�
�_���
cK�
��� \ 	
�Tl
�_�
�
�T�#Á#�{�_����|��Tj�	���jÈl
a��
�K� \�\ ���
�Kr{�?xy����|��_�

γ
�T���



��Ú

ρ
-1 -0.5 0 0.5 1 1.5 2

η

-1.5

-1

-0.5

0

0.5

1

1.5

α

βγ

ρ
-1 -0.5 0 0.5 1 1.5 2

η

-1.5

-1

-0.5

0

0.5

1

1.5

γ

γ

α

α

dm∆

Kε

Kε

dm∆ & sm∆

cb/VubV

βsin2

 < 0βsol. w/ cos2
(excl. at CL > 0.95)

excluded area has CL > 0.95

excluded at C
L > 0.95

BEAUTY 2006

CKM
f i t t e r

t�uYvH>DÊ��¢ös>¤þ��_�oj�����	
�X���_���¤���T�dlT������	
���o�����T����� \ �T	
�_c/�T�G�����o�T����j�p#	
�o����|��_�m�Sxy����������	��_�
�h½ ÄÇÏ�Áo�



���

�M�T���T	
cK�o���¤r \ ��	��
�o	����
�tcK�
��j�	
�T�t���
�s£N	��
iGj��
�Ml
�
�K�Sx¢���
lT�o�_�u�X�
�o���È���
�tcK�
�������
B0 − B0

���
B0

s − B0
s

�ËÁD�>�_����|��Tj�	���jÛlTa����=� \�\ ���
�wr@�[x��X��|��o�
β

��� \ �
���ç���T�tc/�T�
j�	��
�s�M�o	
�TlT�
�
�
�M�
�t�
�_�
cK�
����� ∣

∣

∣

VudV ∗

ub

VcdV ∗

cb

∣

∣

∣

�����t�
���Û�_��l
�T	��
�_��jM���¤��l���j��T�o�_�=�
���t����cK�o�M�
� \ ��	s�u� \ 	
�Tl
�_�
�o���L���
|Vub|

��ÁD�>	��
��j�l����_���Û���¤�[xy�_��l
�T	�������j��M�=���¤lT�{l
a��
�¤��jÛ��	��u���M|��o�K�
���t�
��jI���
���Kl
�����
�_���
	��
�
lT��cKc/�{�o� \ 	
�_��l
� \ ���o�=c/���
�_�X�X�
�o���L�M�Q	������_�o���
	sj��M��cK�
��j�	
� \ �_j�� \ 	
�Tl
�o���w��� |Vub|

�+ÁD�
� �����>g�h \ �
	
z,���_�oiGj������
	����>�_�����oiGj����u�Èl
������	
���o���
�@�
jM	¤�o�T� \ ��	
��cKqT��	��
�

ρ̄
�T�
η̄

� ¹��B»|� �u�
\ �����_���_���È��jÛ�
��cKcK�T����jL��	��u����|��o�.� \ 	��$���
�W�X�G�s���
�tcK�
��j�	
�T�s�TÄ:�
l���j��T�
�v�
j�	��o�T�s�4�������T�
Á+x¢�o��lT�
	����_�
j����&��j�	wl
�
� \ ��	
��cKqT��	��
�T� \ 	
�T�W�����Q�
�×l
��c \ ���>�
��jM�
�
�Q�o�
�{lT������	
���o�����T�
�n�T���
�_�����_i jM�
� \ ��	Zj��M� � �����S�
��j����1lT�
	
lT�o�T�«�®xyj��f��	
���_�Z	���j�|��X�$]m�����Z�
��j��D�o�T�#l
�����B�
��jM£ \ ��j�	 β �¥�
jM��� \ ��	��Ë�oc \ ��	��������
�b�����?x¢�o�Ml
�
	�������j����«���������o� \ 	
�.� �o�T�G�1�M�
�1l����_l
j��_�Ë����`�]�÷~���
lT�
�
�
���o	��
�
rt�[xy�_�G�
�
	 \ 	
�����X�
�o���{���T��c/�T�
j�	��
�d��� \ �T	
�_c/�T�G�����o�T�
�

ë32 � 2 � �K!D� �T-$EN*:5#�v*:!ZP,�G"$-��I�v�
*,!#AB��P,CG� �K)#(�"¤AN�>Ó�"XEN(W5DF,AB��%«0� w5#EN-.(M"XEº-.C
Z�j���iGjSx�r \ 	��
�
�T�����H�o���Q�I��qT�o�fÂ �������W�X	
�{�
��� \ ��	����
�Gj�rv�M�
l
	��o	���l
��	�	
�
l����Tc/�T�G�n�
��jM�
�
�

�_�
��cK�
�
jM	
�
�d�oc \ �_�oiGjW�������_��l�gW����|��Tc/�T���^�����
�.���
j�	����
�diGjW��	�� �T�:�M������cKcK�
����l
�T�o�o�T�niGj��
�������#	
�
�_�o�T�
�D��jfp7	��u���M|��o�Ë�®x��d���_����	
�������
]^�
j �f�o�����_l
�T�Z�
j�|�|�q
	
�T����lT� \ �
���W�X�G�7iGj��«�o�
�ZjM�
�o�M�
�
rKc/�T�
���M�

B \ ��j�	�	����_�
���dÃT�
	
����j�	^�_� \ ���_���^���fcK�T����	
�f�
�@�T� �o���T��l
���?x¢���I�o�����T��l
����� \ gM���
�M��c/qT���
� \ g�h �
�_iGj��
������jM������jI�:�

ë32 � 2 � 2Bë � � ��!D"$� �=%D�
sin 2β

(�P,� 6�%#EN(�FH"4(�2L29� �t�I5'(M"43#"$�@*,!')7E[5DFH*:!#EB5
�d���_�����olT� \ ��	����_l
j��_�oq
	��
cK�
�����_����	
�_|������ \ 	��.�I�_�
���������u�scK�
��j�	
���M�f�[x��X��|��o�

β
��jwp#	
�Î�

�X��|��o���®x��d���_����	
�����������Tl��_�
�ncK�
�
�����
B
�,`b� \ 	
�
cK�o�T	n�o�M���olT���Sxy�T��� \ �������_	
�
l����Tc/�T�G�d�_�o��r

�o�sc/�T�
j�	������ |Vub|
�Me1jM�o�
iGjSx¢�o�®�
xy��|��_���®xyj��w�¥�M�Tc \ �o��l
����l
	��T�d�T���_�G�
�
	��
�
�
�����^�M���?x¢�oc \ ��lT�

iGj�� \ ��j�	�	��������������_	��?x¢�T��jM���v���v�u�¤c/�X��	��ol
�t`�§�� \ ��	��_�
��j����o���T��r{cK�
�������
B
�Z����j���h

lT�����
��l
	������d�������Mc/���_�����o�/Â �
lT�
�ZÊ��yòM��òI�_Ê��
ÁD�¤cK�
�
jM	
�t���t�[x����M|��o�

β
�Mj&p7	��u����|��o���®x��d���_����	
����������j��_qT��� \ 	
�
���
�����Tc/�T����zM�o�
�&�M�
�

�_�����
	�	
��|��X���_����� \ j��o��iGjSxy�_���¥�M�_���
�s���
j �&c/�����oqT	
�T�^����Ä®�T	
�
���
�
�m����c/�T�
j�	��
	
sin 2β

�,�T��iGj��
lT�
�n���TjI�¤��h \ �
�n���^c/�T�
j�	��
�n�
�Tcsz��_�
���n�����M���
	��M�
�n	
�T�
j������X�
���o�Ml
��g��T	
�T�G�
�
�WÁD���X���_�
j�	����
	��T£N�T	
�
�Ml
�Q���

sin 2β
�T���KcK�
�
jM	
�
�Q�����Tlw���
�v	
�
��lT�
�o���M�t���_�
�
��Å¿�T�O��	
z�	���Æ��+�����
lQj��ç�T���X�



��ð

t�uYvH>bÊ�� øR>Èþ��o�_j����
	��X�
�o���È���
�����u��|�	���cKc/�T�����¤kW�Th ��c/���ÈÅ��
�Û�X	
z�	���Æ>�[�����T��Å \ �_��|���j��_�IÆ
�NzH���Ë]m�����t�_�w��� ��q
�_�wÂ ���X���W��	��S�Ë�o�T�t�o�����T	�£N�T	
�
�Ml
�
�v���{lT�
�t���TjI�ç���o��|�	
��c/cK�
�������
lw�_�
�M�u��|�	
��cKc/�&�.����jM���X�G��j����È����l
�o�_�u�X�
�o���

B0 → B0 �N�o�o�_j����
	
�&��j�	��o�Uk7�o|���Ê���� \ ��jM	��_�
�M�o���X|�	���cKcK���T� �X	
z�	��.�/�����_���T���{�I�_���o�T	{`�e �T�wcK�
���T	{rL���
�{cK�
��j�	
�T�w�o���T�G�
�oiGj��T�¤���
sin 2β

�1ÁZ�Q���u�X|�	���cKcK� \ �o�M|���j��_�OlT�������_�
���Kl
� \ �
�M�W�����¤j��M��z,��j�lT�o�wiGj�� \ ��j�	�	������tÃT�
	
�
���
�����oz��_�frv�[xy�_�]�Wj��T��l
���M� \ ��	��
�ol
jM�o�
�n�_��l
�����Gj��
�T�,�M�
�����
�
�T�nÅ��_��� lt��ô$��Æm�
j�	��u�sÐW|�j�	
�/�BzW���

Ð��W���dÅ�l�gW��	
cK�����_j�ctÆ¦�
cc̄
�����_�o�ojM����	��
�T� \ ��	=�u�Lk��_|��dÊ�� øY�B�����bÏ+�o�o�T�¤�����M���
���

sin 2βcc̄ =

0.675± 0.026
�Ie���	bl
������	������_�
��cK�
��j�	
�T�n�oc \ �o�_iGjW�����b�M�
�����o��|�	
��c/cK�
�«�������«Å \ �o��|���j��o�M��Æ

lT��cKc/��lT�
�ojM�#�_�o�_j����
	
�m��j�	��o�vk��o|��®Ê�� øQ�BzW�����������
��� \ �ojI��a�� sin 2βping = 0.52 ± 0.05
�M�
�

�M�
���Xl
l
��	
�/�.���
l
sin 2βcc̄

\ ��	«�I�yðm�
l
��	��
�Ë��h \ �
�T�GÁ+xy�����X�«��l���j��T�����nlT�
�1c/�T�
j�	��
�1�
���1�o�_�oj�����	
�
rt�o�Kk7�o|��:Ê���ÚI�

ÂI�#�u� \ 	
��zW��z��_�o�_�
�������4���o�����_i jM���Sx¢��zM�
�
���_	^lT�
�m���TjI�@���_Ä:�
	��
�����T�^�X���o�Tj�	
�d���
sin 2β

�T���
£B�X�oz��_�����Sxy��jM�
	
�
��l
���M�
�o�M�
	��4���o������	��
���M�
���n�o�Tj�	«���
�
��l
lT��	
�{�T��l
��	�� \ �_j����_�����
	��
�����������Ip7��jM�
�®x���z,��	��S���o� \ 	��
�
�T��l
�d�Sx¢j�����z,��j�lT�o���������Ë�_�
�Ë���o��|�	
��c/cK�
� \ �_��|���j��_���
�4c/���o� \ ���+�W�X���Ë�o�T�
�M�u��|�	
��cKc/�T���
�Û��	�z�	
�X�7�_c \ �o�oiGj��tiGj��/�o�T� \ �_��|���j��_�������T� 	
���o�T�G��ÃT�
	
� \ ��	��
�ol
jM�o�oqT	
�Tc/�T�G�
���
�����oz��_�
��r��[xy�_�]�Wj��T��l
�^��� \ ��	����olTj��o�T�b����jM���T�o�o�T�
�Me���	��¥�I�
c \ �o�X�����
� \ ��	��
�olTj��o�T���
j \ �
	���h��
cK�T�
	
�_i jM�
��� �o	���j��T�o�_�
� \ ��jM	
	��X�o�
���7£N��	���z��o�T�tl
������	��oz�jM�
	Ë���o|�����ÐWl��4���_���
cK�
���+r��?x¢�o�����T	���l����o���
�T�/z,��j�lT�o���Mj/���o��|�	
��c/cK� \ �o��|���j��o�®��]�xy��jM�
	
� \ ��	��������T�1�
���
�oc/�X���_�������
g��
��	
�oiGj��T�+�����?x¢�o�I�
��j��
��lT�=���K�?x¢�o���
�
	��XlT���_���>£N��	����v�T�����K���u��|�	���cKc/�T�m�
�_�
l���	
�X£B���oz��_�
����j \�\ �_�
cK�
�������_	
�T�f��j�	
�_�
���X���_�
j�	������

sin 2βping

�T�
sin 2βcc̄

c/���G�
	
�T�G��½ Ë � Á:i jM��l
�
j � �<l
�D�����I	
���o�T���d�.�����o	bj�����Ä®���
	��
�o�X�������
cK�
���+£B���_z��o�X��÷mj�� \ �oj��1�
������lT�
�«�
���
�oc/�X���_�������
g��
��	
�oiGj��T�1c/�����
	
�
���«iGj���l
�T����Ä®�����
�M�T� 	����_�
����£B�X�o	
�v�T�9�
��	����/iGj��

sin 2βping > sin 2βcc̄
�#�
�
�1iGjSx¢�o�o�_j����
	
�v�
jM	��u�Qk��_|��+Ê����I�Dþ��



��ÿ

sin(2βeff) ≡ sin(2φe
1
ff)
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b→ccs
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K
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0

K
S
 K

S
 K

S

π0  K
S

ρ0  K
S

ω
 K

S

f 0 
K

0

π0  π
0  K

S

K
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-3 -2 -1 0 1 2 3

World Average 0.68 ± 0.03
BaBar 0.12 ± 0.31 ± 0.10
Belle 0.50 ± 0.21 ± 0.06
Average 0.39 ± 0.18
BaBar 0.58 ± 0.10 ± 0.03
Belle 0.64 ± 0.10 ± 0.04
Average 0.61 ± 0.07
BaBar 0.66 ± 0.26 ± 0.08
Belle 0.30 ± 0.32 ± 0.08
Average 0.51 ± 0.21
BaBar 0.33 ± 0.26 ± 0.04
Belle 0.33 ± 0.35 ± 0.08
Average 0.33 ± 0.21
BaBar 0.20 ± 0.52 ± 0.24
Average 0.20 ± 0.57
BaBar 0.62 +-

0
0
.
.
2
3
5
0 ± 0.02

Belle 0.11 ± 0.46 ± 0.07
Average 0.48 ± 0.24
BaBar 0.62 ± 0.23
Belle 0.18 ± 0.23 ± 0.11
Average 0.42 ± 0.17
BaBar -0.84 ± 0.71 ± 0.08
Average -0.84 ± 0.71
BaBar Q2B 0.41 ± 0.18 ± 0.07 ± 0.11
Belle 0.68 ± 0.15 ± 0.03 +-

0
0
.
.
2
1
1
3

Average 0.58 ± 0.13

H F A GH F A G
DPF/JPS 2006
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 bin 3Bother B

standard deviation
-5 -4 -3 -2 -1 0 1 2 3 4 50

20

40

60

80

100
 0.04±: -0.02 µ

 0.03±: 1.14 σ

 bin 4Bother B

standard deviation
-5 -4 -3 -2 -1 0 1 2 3 4 50

20

40

60

80

100

120
 0.04±: -0.06 µ

 0.03±: 1.09 σ

 bin 1ν ul→b

standard deviation
-5 -4 -3 -2 -1 0 1 2 3 4 50

20

40

60

80

100

120
 0.04±: 0.01 µ
 0.03±: 1.09 σ

 bin 2ν ul→b

standard deviation
-5 -4 -3 -2 -1 0 1 2 3 4 50

10

20

30

40

50

60

70

80

90  0.04±: -0.06 µ
 0.03±: 1.30 σ

 bin 3ν ul→b

standard deviation
-5 -4 -3 -2 -1 0 1 2 3 4 50

200

400

600

800

1000
 2866.79±: 0.12 µ

 3.41±: 2.50 σ

continuum bin 1
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è¾ØhÝ
cos θ`

ÖæÛMå�Õ4å�×
cos θthrust < 0.85

è�ØhÝ
cos θ` > −0.8
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D → K0
L

�� ��� � þ� þ ��� � ��� û ��� ÿ ��� ý ý�� � þ� ÿ þ� � ��� � ��� � þ� û ý�� � ��� ÿ ��� û

b → c`ν

�� � � � ý�� ý � � ÿ ý�� ý ��� � � � þ ��� � � � � � � � ý�� ý � � � � � � � � û � � û û�� �

B → D∗`ν

� � û�� � � � � û�� ý � � � ��� � û�� � � � � û�� � � � ý � � ý û�� ÿ � � � û�� � û�� þ û�� ÿ

B → D`ν

� � ��� � ý�� ý � � � ü û�� ÿ ü ��� � û�� � û�� ý ü � � � û�� � û�� � ü û�� ÿ ü û�� � û�� � û�� � û�� �

Υ (4S) → B0B̄0

�� ý�� û ý�� � � � � � � ÿ � � ÿ � � � ý�� û � � þ � � � û�� � ý�� � � � ý � � � � � � � � �� � � �÷ � öG÷ # � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � � �ø ö #÷ � 
 $ % ø �� � 
 � � � � � � ÿ � � � � � � � � � � � � � � � � � ÿ � � � � � � � � þ � � ÿ � � � û�� � û�� ÿ û�� þ

� � �� 
 ø � ø � 
 � � � � ý ��� � ��� û � û�� � � � � � ý�� û � � � � û�� � � � � ý ��� ý � û�� þ � �� û � � � � ��� � ��� � �� ý� � �� 
 
 � � � � � ��� û � ��� þ � � � � � � � � ý ��� ý ý � � � ý þ� û ý ��� � ý ��� � ý ÿ�� � ý ��� þ � û�� � � û�� þ � þ� û � � �
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fitted parameters:
 0.003±: 1.010 µ
 0.002±: 0.074 σ

 fits obtained from 1000 TOY samplesESE-M∆/ndof of the 2χ
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χ2/ndof 3547698;:<8;3 & /0/5/ :=8?>@8;AB:C8;ABDE>5FBFHGIABJ,K9LEMNLEJ9K,LEJ*8PORQPS<:UTWVYXUZ[O\Z]>5J9K^ X2_`:ba9Ac:C8d35e0fd>5gh:Pe0LiJ9LEf;>@8dLiKW>5:UK,LE:;Dif;AcjkLiKlABJnm�LiDi8 -o+,- ) - & -qp�-

r7sutkscvwsyx zU{}|�~��o� |Vubf+(0)| �`��� |����
f+(q2)

~(� �9� � �\�9���`� �*|�� � ~

OUa9L�TWV<��j`>@:;LEK��5>@FB�9Li:�354�8da9L f+(q2) :;a`>@MkLhM`>5f;>5g�L�8dLif;:I>@J9K�8;a9LEAcf��9J,DELEf=8?>5AcJ*8dABLi:
35j,8?>5AcJ9LEK��bAH8da�8da9L�ghLi8da,3�K�K9Li:;DEfCABjNLEK�ABJ�m�LED�8 -�+,-.+,-.� >@f;L�e0AH�0LEJ�ABJ�O�>5j9FcL +�- &�  - OUa9L
�@>5Fc�9LE:¡354U8da9L�:Ca`>5MNL¢M`>5f;>5ghLi8dLif;: α >5J9K δ >5f;L¢>5�,8da,30f;Ac£ELEK¤8;3l�@>5fCG��bAc8;a¤J93¥FBAcg�AH8¦8d3
ghABJ,ABghAB£ELU8;a9L χ2 AcJ¢8da9L26,8;8dAcJ9e§>5Fce030f;AH8da9g - OUa9L¨e0LiJ9LEf;>@8dLiK��@>5Fc�9LE:U3@4 α >5J9K δ >@f;L /,-  ,&
>@J9K /,-./,© fCLE:CMkLiDi8dAH�0LiFcG -kª JW8da9Li:;L�Di30J9K9AH8dAB35J9: © ��L¡30j9:;LifC�5L§8;a`>@8«8da9L¡6,8;8dLiKW�@>5FB�9Li:¬354�8;a9L
δ M`>5f;>5g�L�8dLif¢>5fCLW�9J9:=8?>5j9FcL - OUa9L¥f;Li:;�9FH8d:�30j,8d>5ABJ,LEK­�bAH8da®>5jN30�,8 )0¯0° 354¦8da9Ln698d:�>5fCL
Di30J*8?>5AcJ9LEK±ABJ�>¥²³>@�9:;:CAu>5J´MkLE>5µ¶DELiJ·8;LEfCLEK�>5f;35�9J9K�8;a9L�8;f;�9Lh�@>5FB�9Lh354 δ -�¸ 3���L��0Lif © 8;a9L
fCLE:C�9Fc8;:�354�8da9Lhf;Lig¹>5AcJ9ABJ,e p ¯0° >5fCL�M`>@fC8�354U>5J�a9ABe5a9FcG¶>@:CGºg�ghLi8;f;AcDI8?>5AcF»�ba930:;Lh�@>5FB�9Li:
�¼LEfCL¢gh30:C8�354P8;a9L�8;ABghLh�,J9f;LE>5:;30J9>5j9FcG¶4½>5f¨4}f;35g¾8da9Lh8df;�,L��@>5FB�,L - _`30f³8;a9AB:³f;LE>5:;35J © �¼L
K,LEDEAcK9LEK�8d3§J93@8«�,:;L ¸ AcFBFÀ¿Á:PM`>@fd>5ghLi8;f;AB£E>@8dAc30J��bAH8da�8da9L¨fCL(>5F7K9>@8?> -

_`30f[AcFBFB�,:C8df;>@8dAH�0L¼M9�9f;MN30:CLE: © 8;a9L f+(q2) M`>@fd>5ghLi8;LEfÂ698<K935J9LU�bAc8da�8;a9LRÃPÄÅM`>@fd>5ghLi8;f;AH�
£E>@8dAc30JIAc:»:;a93��bJ§ABJI_ÂABe -@+,-.+ & -Æª 8[DE35f;f;Li:;MN30J9K9:»8;328da9LUfCLE:C�9Fc8;:»354o30J9LU3@4`8da9LP698;:»K9Li:;DEfCABjNLEK
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Ç<ÈÂÉ�Ê\+�- &(Ë 1 V�3��@>5fCAu>5J9DiL�g¹>Æ8df;AyÌn354¼8;a9L�M`>5f=8dAB>5F ∆B(q2) :C8?>Æ8dAB:=8dAcD(>5F��9J9DELifC8d>5ABJ*8dAcLE:¦30jº�
8d>5ABJ,LEK�4}f;30gÍ8da9L�TWVÎ:;AcgI�9Fu>Æ8dAB35J -

q2 Ï*ÐÒÑ·ÓÔ
GeV2/c4 Õ Öi×ÙØ Øi×}Ú Ú(×ÙÛ Ûi×ÙÜ Üi×=ÝÞÖ ÝÞÖi×=ÝÞØ ÝÞØi×=ÝdÚ ÝdÚ(×=ÝÞÛ ÝÞÛi×=ÝÞÜ ÝÞÜi×ÙØ�Ö Ø�Öi×ÙØ�Ø Ø�Øi×ÙØ�Û0ß Ú

Öi×ÙØ Ø�à(á0ßÁà ×Àà(Ö0ß�â á0Ý�ß�á ÝÞá0ß�Ü ÝÞÜ0ß�Û ÝÞâ0ß�á ÝÞá0ß Ú ×ÙÜ0ß�Ü ×Ùá0ßÁà ×=ÝÞÖ0ßÒÝ ×ÙÛ0ß�Ø Ý�ß�ã
Øi×}Ú ×Àà(Ö0ß�â Ø�à(Ø0ß�Û ×Àà(Ü0ßÒÝ Ø�Û0ßÁà ã0ß�ã â0ß�á ×=Ý�ß�Ü ×ÙÜ0ß�Ø Ú·ß�Ø Ý�Ý�ß�Ü ×Ùã0ßÒÝ ×=Ý�à5ß�Ö
Ú(×ÙÛ á0Ý�ß�á ×Àà(Ü0ßÒÝ Ø�à5Ý�ß�Û ×ÙÜ�Ø0ß�Ø Û�à5ß�Ü Ú·ß�ã àiÚ·ß�Ø ×Ùá0Ý�ß�Ö ×ÙÛ0ß Ú ×ÙØ0ß�Ö ×Àà5ß�Ü â0ß�Ø
Ûi×ÙÜ ÝÞá0ß�Ü Ø�Û0ßÁà ×ÙÜ�Ø0ß�Ø Ø�ã�à5ß�Û ×Ùã�Ö0ß�Ö Û0Ý�ß�Û ÝÞÜ0ß�Û ÝÞÖ0ß�Ø ÝdÚ·ß�Ü â0ß�ã ×Ùâ0ß�Ø ×}Ú·ßÒÝ
Üi×=ÝÞÖ ÝÞÜ0ß�Û ã0ß�ã Û�à5ß�Ü ×Ùã�Ö0ß�Ö á�ã�Ø0ß�Ü ×ÙÛ�à5ßÁà à(ã0ß�ã ×ÙØ�Ø0ß�â â0ß�â ×ÙÜ0ß�â ×ÙØ�á0ßÁà ×=Ý�Ý�ß�Û
ÝÞÖi×=ÝÞØ ÝÞâ0ß�á â0ß�á Ú·ß�ã Û0Ý�ß�Û ×ÙÛ�à5ßÁà á�à(Û0ß�Ü Ý�ß�Ø ×=ÝdÚ·ß�â ×Ùã0ß�Ø ã0ß�Û ×Ùã0ß�ã ×ÙØ�â0ßÁà
ÝÞØi×=ÝdÚ ÝÞá0ß Ú ×=Ý�ß�Ü àiÚ·ß�Ø ÝÞÜ0ß�Û à(ã0ß�ã Ý�ß�Ø ÚÆâ�ã0ß�Ö ×=Ý�ÝÞÜ0ß�ã à5ß�â Ø0ßÁà ×Ùá0ß�Ø ×=Ý�Ý�ßÁà
ÝdÚ(×=ÝÞÛ ×ÙÜ0ß�Ü ×ÙÜ0ß�Ø ×Ùá0Ý�ß�Ö ÝÞÖ0ß�Ø ×ÙØ�Ø0ß�â ×=ÝdÚ·ß�â ×=Ý�ÝÞÜ0ß�ã ÚÆØ�à5ß�Ö ÚÆÖ0ß�Ö ÝÞÖ�â0ß�á ×Ùã0ß�ã ÝÞá0ßÁà
ÝÞÛi×=ÝÞÜ ×Ùá0ßÁà Ú·ß�Ø ×ÙÛ0ß Ú ÝdÚ·ß�Ü â0ß�â ×Ùã0ß�Ø à5ß�â ÚÆÖ0ß�Ö ÚÆÛ�à5ß�á ÚÆØ0ß�Ø ×=Ý�Ý�ß�â ÝÞâ0ß�Ö
ÝÞÜi×ÙØ�Ö ×=ÝÞÖ0ßÒÝ Ý�Ý�ß�Ü ×ÙØ0ß�Ö â0ß�ã ×ÙÜ0ß�â ã0ß�Û Ø0ßÁà ÝÞÖ�â0ß�á ÚÆØ0ß�Ø â�ã�à5ß�Ø ×=Ý�ÝdÚ·ß�Ö ×Ùâ�Ü0ß�Û
Ø�Öi×ÙØ�Ø ×ÙÛ0ß�Ø ×Ùã0ßÒÝ ×Àà5ß�Ü ×Ùâ0ß�Ø ×ÙØ�á0ßÁà ×Ùã0ß�ã ×Ùá0ß�Ø ×Ùã0ß�ã ×=Ý�Ý�ß�â ×=Ý�ÝdÚ·ß�Ö â0ÝÞÛ0ß�Ü Ý�Ý�ß�ã

Ø�Øi×ÙØ�Û0ß Ú Ý�ß�ã ×=Ý�à5ß�Ö â0ß�Ø ×}Ú·ßÒÝ ×=Ý�Ý�ß�Û ×ÙØ�â0ßÁà ×=Ý�Ý�ßÁà ÝÞá0ßÁà ÝÞâ0ß�Ö ×Ùâ�Ü0ß�Û Ý�Ý�ß�ã â�â�ã0ß�Ö

AcJnm�LED�8 -o+,- ) - & -äpº© :;LiFBLED�8dLiKW>@8bf;>5J9K930g§ådæ -

çéè�ê7ëÆì�íÙî�ï�ì[íÀîÞïPð�ñqì»òóîií7ôÆí½ì;õböÀ÷UïUîÞø�ì»ù,ú.ûEí=ü@ý�üÿþ�����ýÆü þ��¼î��Æõ«ýÆü ý���ü
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Ç<ÈÂÉ�Êó+,- &�¯ 1 V�3��@>5f;AB>5J9DiL³g�>@8;f;AHÌ¢354Â8;a9L¡M9>5fC8;Au>5F ∆B(q2) :=Gº:C8dLig¹>Æ8dABD³�9J9DiLEf=8?>5AcJ·8;ABLi:«30jº�
8d>5ABJ,LEK�4}f;30gÍ8da9L�TWVÎ:;AcgI�9Fu>Æ8dAB35J -

q2 Ï*ÐÒÑ·ÓÔ
GeV2/c4 Õ Öi×ÙØ Øi×}Ú Ú(×ÙÛ Ûi×ÙÜ Üi×=ÝÞÖ ÝÞÖi×=ÝÞØ ÝÞØi×=ÝdÚ ÝdÚ(×=ÝÞÛ ÝÞÛi×=ÝÞÜ ÝÞÜi×ÙØ�Ö Ø�Öi×ÙØ�Ø Ø�Øi×ÙØ�Û0ß Ú

Öi×ÙØ Ü0ÝÞØ0ß�ã â�à5ß�â ÝÞá�â0ßÒÝ ÛEÚ·ß�Ü á0ß�ã ÝdÚÆØ0ß�á ÝÞØ�á0ß�á ÝÞÖ�â0ß�â Û�â0ß�ã Ü�Ü0ß�á â�á0ß Ú ×ÙÜ0ß Ú
Øi×}Ú â�à5ß�â ÛEÚ·ß�â Ú�Ú·ß�á Û0ß�Û ×Ùã0ß�Ü ÝÞâ0ßÁà ÝÞØ0ß�á Ý�à5ß�Ö á�Ø0ßÁà ÝÞá0ß�Ø Ø�ã0ß�á â�Ø0ßÁà
Ú(×ÙÛ ÝÞá�â0ßÒÝ Ú�Ú·ß�á Ý�ÝÞÛ0ß�Ö â�Ü0ß�ã ÚÆá0ßÁà à(Ø0ß�â Ø�Û0ß�Ö à(Ü0ß Ú ÚÆÛ0ß�Ø Ø�ã0ßÁà ÝdÚ·ß�Ü Ý�à5ß�â
Ûi×ÙÜ ÛEÚ·ß�Ü Û0ß�Û â�Ü0ß�ã Ü�Ø0ß�â ÛEÚ·ß�Ü Û0Ý�ß�â Ø�Û0ß�Ø àiÚ·ß�Ö ÝÞÜ0ß�Ö á�á0ß�á â0ß�ã ÝdÚ·ß�Ø
Üi×=ÝÞÖ á0ß�ã ×Ùã0ß�Ü ÚÆá0ßÁà ÛEÚ·ß�Ü ÝdÚ�Ú·ß�Ø áEÚ·ß�Ü ÚÆÜ0ßÒÝ Û�Ø0ß�â ÝÞÜ0ß�Ø Ø�â0ß�â Ø�ã0ß�Û Ý�ß�á
ÝÞÖi×=ÝÞØ ÝdÚÆØ0ß�á ÝÞâ0ßÁà à(Ø0ß�â Û0Ý�ß�â áEÚ·ß�Ü ã�â0ß�Û ÚÆâ0ß�â à(á0ß�Ø Ø�à5ß�Ö ÚÆâ0ß�â ×=Ý�ß�â ×Ùâ0ßÁà
ÝÞØi×=ÝdÚ ÝÞØ�á0ß�á ÝÞØ0ß�á Ø�Û0ß�Ö Ø�Û0ß�Ø ÚÆÜ0ßÒÝ ÚÆâ0ß�â Ý�ÝÞâ0ßÒÝ ÝÞÖ0ß�Ö á0Ý�ß�â ÚÆâ0ß�â ÝÞÜ0ßÒÝ ×ÙØ�Ü0ßÁà
ÝdÚ(×=ÝÞÛ ÝÞÖ�â0ß�â Ý�à5ß�Ö à(Ü0ß Ú àiÚ·ß�Ö Û�Ø0ß�â à(á0ß�Ø ÝÞÖ0ß�Ö ÝÞØ�Û0ß�â ÝdÚ·ßÁà á�Ü0ß�ã á�Ø0ß�Ü Ý�ß�Ø
ÝÞÛi×=ÝÞÜ Û�â0ß�ã á�Ø0ßÁà ÚÆÛ0ß�Ø ÝÞÜ0ß�Ö ÝÞÜ0ß�Ø Ø�à5ß�Ö á0Ý�ß�â ÝdÚ·ßÁà Û�à5ß�Ø áEÚ·ßÁà á�Ü0ß�Ö á0Ý�ß�Ü
ÝÞÜi×ÙØ�Ö Ü�Ü0ß�á ÝÞá0ß�Ø Ø�ã0ßÁà á�á0ß�á Ø�â0ß�â ÚÆâ0ß�â ÚÆâ0ß�â á�Ü0ß�ã áEÚ·ßÁà ÝÞÖ�à5ßÁà Ý�ßÒÝ á�Û0ß�Û
Ø�Öi×ÙØ�Ø â�á0ß Ú Ø�ã0ß�á ÝdÚ·ß�Ü â0ß�ã Ø�ã0ß�Û ×=Ý�ß�â ÝÞÜ0ßÒÝ á�Ø0ß�Ü á�Ü0ß�Ö Ý�ßÒÝ Ø�Ü�ã0ß Ú âEÚ·ß Ú

Ø�Øi×ÙØ�Û0ß Ú ×ÙÜ0ß Ú â�Ø0ßÁà Ý�à5ß�â ÝdÚ·ß�Ø Ý�ß�á ×Ùâ0ßÁà ×ÙØ�Ü0ßÁà Ý�ß�Ø á0Ý�ß�Ü á�Û0ß�Û âEÚ·ß Ú á�ã�à5ß�á
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Ç<ÈÂÉ�ÊN+�- &�  1
α >5J9K δ M`>@fd>5ghLi8;LEf��@>5Fc�9LE:U>@J9K��9J9DELifC8d>5ABJ*8dAcLE:U30j�8?>5AcJ9LEK¢4}fC30g >I698P354�8;a9L

K,A
	kLEf;LiJ*8dAu>@F\K,LED(>(Glfd>@8;L�4}30fCgI�9Fu>�8d3�8da9LIM9>5fC8;Au>5F ∆B(B0 → π−`+ν, q2) :;MNLED�8df;�,g �bAH8da
8;a9Lb4}30f;g 4½>5D�8d30f f+(q2) K9LE:CDEf;AcjkLiK��bAH8da§8da9L¬ÃPÄ�� α 
[>5J9K ¸ ABFcF�� α © δ 
»M`>5f;>5ghLi8dfCAB£E>@8dAc30J9: -
OUa,L³e5LEJ9Lifd>@8;LEKn�@>5Fc�9LE:P�¼LEfCL α = 0.61 >5J9K δ = 0

-
α �ÙÃPÄ�
 α � ¸ ABFBF�
 δ � ¸ AcFBF�


6,8;8dLiK f+(q2) M`>5f;>5ghLi8dLif /,-   +0/ /,-  @Ë / � /,-.+ )5'
:C8d>@8dAc:C8;ABD(>@F7LEfCf;30f /,-./ ¯5  /,-q/ '5Ë /�- '0  �

8dfCµ¢L�	 /,-./ &0& /,-q/ & p /�- &�) �
γ L�	 /�-q/ & / /,-./ &0& /,- &(  �
K0

L
L�	 /,-./0/0+ /,-q/5/ Ë /�- & / ¯

J9Li�,8dfC30JlL�	 � /,-./0/ ' � /,-./0/ ) /�-q/ )5)
^[ª X /,-./0/0+ /,-q/5/0� /�-q+  @Ë

Di30J*8dAcJº�,�9g GºABLEFcK /,-./0/ ) /,-q/5/ ' /�- Ë0Ë +
DE30J*8dAcJ·�9�9g q̃2 /,-./*p Ë /,-q/0p5� & - &�' +
DE30J*8dAcJ·�9�9g mES

/,-./0/*p /,-q/5/0+ /�-q/ ) p
DE35J·8;ABJ·�9�9g ∆E

/,-./0/ Ë /,-q/5/ ) /�-äp5� Ë
b→ u`ν Ã�_ /,-q/ &�) /,-./*p & /,-qp0p5+
m,_�M`>5f;>5g /,-./ &(Ë /,-q/0p5/ /�-q+0+5+

B → ρ`ν Z & −1σ � /,-q/5/ ' � /,-./0/ ) /,-./ )5 
B → ρ`ν Z p −1σ

/,-./ & + /,-./ & p /,-./0/ '
B → ρ`ν � −1σ

/,-./0/*p /,-./0/*p /,-./ & /
B0 → π−`+ν _»_ /,-./ & p /,-q/ & p /�- &(Ë*¯
D → K0

L Ã�_ /,-./0/0+ /,-q/5/ ' /�-q+   +
b→ c`ν ÃP_ /,-q/5/   /,-./0/0� /,-.+ )�&
B → D∗`ν _»_ /�-q/0/ ¯ /,-./0/ Ë /,- &( 0 
B → D`ν _Â_ � /�-q/0/   /,-./0/0/ /,-.+ &�'

Υ (4S) → B0B̄0 Ã�_ /,-./0/*p /,-q/5/*p /�-q/ ¯ /
8d358d>5F7:CGº:=8¬Lif;f;35f /,-./ Ë0Ë /,-q/ ¯ p & - ¯ �5+
8d358d>5F7LEfCf;30f /,-./ )�& /,- & / ) & -q� ¯5¯
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 0.02± 0.05 ± = 0.59 α

ISGW2
LCSR
FNAL
HPQCD

BK Fit to DATA
DATA

�����UÊó+,-.+ & 1 X¬A�	óLif;LEJ*8;Au>5FwK9LiD(>(G�fd>Æ8dL¨4}30f;gI�,Fu>������ -N+,- & p 
�698;8;LEKn8;3h8;a9L³M`>5fC8;Au>5F ∆B(q2)
:CMkLiDi8;f;�9g - OUa9L¦K9>@8?>IMN30ABJ*8;:PDE30fCf;Li:;MN30J9K9:P8;3I8da9L ∆B(q2) �@>5FB�9Li:P30j,8d>5ABJ,LEK¹4}fC30g 3@4�35J9L
3@4<8;a9LI698;:2K9LE:CDEfCABjNLEK¶ABJ´m�LiDi8 -w+,- ) - & -äp�© :;LiFBLED�8dLiK�>Æ8¦fd>5J,K930g - OUa9L�:Cg¹>5FcFBLif«�9J,DELEf=8?>5AcJ*8�G
j9>5f;:Â>5f;L¼:C8?>Æ8dAB:=8dAcD(>5F·30J9FHG³>5J9K¡8;a9L�FB>5f;e5LEf\�9J9DELifC8d>5ABJ*8�G�j`>5f;:Â>5f;L¼:C8d>@8dAc:C8dAcD(>5F��Y:=G�:=8dLig¹>@8;ABD -ª Jn8da9Ac:«M`>@fC8dAcDE�9FB>5fbL�Ì�LEghM9FcL © >h698¬354»8da,LIÃPÄ M`>@fd>5ghLi8;f;AB£E>@8dAc30J�GºABLEFcK9:! αBK = 0.59 ±
0.05 ± 0.02
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q̃2 ØÙÛÚ Ü ÝGeV2/c4

Þ ß�à á á�à â âà ã ã�à ä ä�à å ß å ß�à å á å á�à å â å âà å ã å ã�à å ä å ä�à á ß á ß�à á á á á�à á ãeæ â q̃2<
å ã

q̃2>

å ã çéè êë Ù ê êì íÉî Ù ì ï í ð ã ãeæ ã â ã áeæ ñ â ñ ñeæ ò â ò å æ ä â ð ãeæ â ð ñ å æ ß ò á áeæ ó ð ð ðeæ ã â ò äeæ ß ð ò òeæ â ð ã âæ ä â á äeæ ä ð â ã âæ ã å ã ß ãeæ ñ ò ß ó å æ òêô õ ì ö å æ å áeæ ã ßeæ ñ å æ ß å æ â å æ â ßeæ ó ðeæ ã å æ ò áeæ á ðeæ á ãeæ å ßeæ ã áeæ ä å æ å

γ ì ö áeæ â å æ ä ßeæ ò áeæ ã å æ ò å æ á å æ å áeæ ß áeæ á áeæ ã âæ ð òeæ â ßeæ ñ áeæ ã ßeæ ò

K0
L

÷ Ú ìø êô è Ú Ü ßeæ ñ ßeæ ã ßeæ ó å æ ß å æ ß å æ å å æ á ßeæ ñ å æ ó å æ â ßeæ ñ å æ ò ßeæ ó å æ å ßeæ äùúû âæ ó å æ á ßeæ ò ßeæ å ßeæ ñ ßeæ ã ßeæ ñ ßeæ ñ å æ ß å æ ã å æ ã ðeæ ã ßeæ ñ áeæ ß å æ áü è Ú ê ÙÛÚ ø ø ý î Ù ì ï í ãeæ å å æ ß ßeæ ò ßeæ á ßeæ ã ßeæ ã ßeæ ã ßeæ ó ßeæ ó å æ ó å æ ð áeæ ñ ßeæ ñ å æ ã å æ ßü è Ú ê ÙÛÚ ø ø ý q̃2 å óæ â áeæ á ßeæ ñ ßeæ ä å æ á å æ å å æ â å æ ò å æ ã áeæ ñ ðeæ á âæ ñ áeæ á å æ ä å æ ãü è Ú ê ÙÛÚ ø ø ý mES

å æ ß ßeæ ð ßeæ ß ßeæ å ßeæ å ßeæ å ßeæ ð ßeæ â ßeæ ð ßeæ ò ßeæ ó ßeæ ä ßeæ å ßeæ ò ßeæ ðü è Ú ê ÙÛÚ ø ø ý ∆E

áeæ ä å æ ã ßeæ ó å æ ß å æ ð ßeæ å ßeæ å å æ ß ßeæ ó å æ ñ ðeæ ã âæ á å æ ß áeæ ã å æ ò

b → u`ν

þ ë ßeæ ò ßeæ ã ßeæ ò ßeæ ò ßeæ ä ßeæ ñ ßeæ ä å æ ð å æ ò áeæ á äeæ ã äeæ ò ßeæ ò ðeæ ã å æ ðÿ ë�� �ô � ý ßeæ â ßeæ ò ßeæ ð ßeæ â ßeæ å ßeæ å ßeæ å ßeæ â ßeæ â áeæ ñ ðeæ â äeæ ä ßeæ á áeæ ð ßeæ ñ

B → ρ`ν

ë ë å æ ð ßeæ ñ å æ ã å æ á ßeæ ñ ßeæ ä ßeæ ä áeæ ß ßeæ ò áeæ ò å æ á áeæ ò ßeæ ñ ßeæ ä ßeæ ã

B0 → π−`+ν

ë ë ßeæ å ßeæ å ßeæ ß ßeæ ß ßeæ å ßeæ å ßeæ ß ßeæ ð ßeæ ð ßeæ ò ßeæ ó å æ ñ ßeæ å ßeæ ä ßeæ ðë ÿ � ßeæ ã ßeæ ä ßeæ ä ßeæ ò å æ ß ßeæ ñ å æ ß ßeæ ß ßeæ ä ßeæ ó ßeæ á ßeæ ð ßeæ ó ßeæ â ßeæ ã

b → c`ν

þ ë å æ ã å æ ã ßeæ ó áeæ á ðeæ ä å æ á áeæ á å æ ã å æ å å æ ó å æ ð å æ ð ßeæ ñ ßeæ ä ßeæ ä

B → D∗`ν

ë ë ßeæ ä ßeæ ä ßeæ å å æ ã áeæ ã å æ ß å æ ð ßeæ ä ßeæ ä ßeæ ñ ßeæ ã å æ ó ßeæ ó ßeæ â ßeæ ã

B → D`ν

ë ë å æ ã å æ å ßeæ ã ßeæ â å æ ó ßeæ å ßeæ å ßeæ ò ßeæ ò ßeæ ó ßeæ ð ßeæ ò ßeæ å ßeæ â ßeæ á

D → X`ν

þ ë áeæ ä áeæ ó ßeæ ò ßeæ ó ßeæ ó å æ ð å æ ò ßeæ ó å æ ß ßeæ ñ ßeæ â ßeæ ä ßeæ ñ ßeæ ó ßeæ ä

Υ (4S) → B0B̄0

þ ë ßeæ â ßeæ ò ßeæ ß ßeæ á ßeæ ð ßeæ å ßeæ å ßeæ ò ßeæ ð ßeæ ó ßeæ ã ßeæ ò ßeæ å ßeæ â ßeæ á

D → K0
L

þ ë å æ ó áeæ å ßeæ ó å æ á å æ á å æ å ßeæ ä å æ ä å æ â áeæ ß å æ ò å æ â ßeæ ò ßeæ ã ßeæ òç è ê � ï Üî Ü ê ì ô ô è ô á ßeæ ß ãeæ ð ðeæ á âæ ñ ãeæ ð âæ å âæ ð ãeæ å âæ ñ óæ ñ å áeæ ð å óæ â ðeæ ó óæ ð ðeæ ñë Ù ê ì ô ô è ô å áeæ ñ ñeæ ó äeæ ã ñeæ ó å å æ á å ðeæ ß å å æ ó å óæ â å òeæ ã á å æ ó å òeæ ñ å óæ ð òeæ ð ñeæ ñ òeæ ßçéè ê � ï ì ô ô è ô á ðeæ ä å å æ ã ñeæ å å ßeæ ñ å áeæ ñ å ðeæ ã å áeæ â å äeæ â å ãeæ â á ðeæ å á ßeæ å á âæ ò ãeæ â å áeæ ð ãeæ ð
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q̃2 ØÙÛÚ Ü ÝGeV2/c4
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γ ì ö ðeæ ß áeæ ä ßeæ ó ðeæ ð å æ ó å æ á å æ ð áeæ ò áeæ á ðeæ å âæ ó óæ ä å æ ß áeæ ó ßeæ ò

K0
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÷ Ú ìø êô è Ú Ü å æ ß ßeæ ä ßeæ ä å æ ð å æ ß å æ å å æ â å æ á å æ ä å æ ã å æ ß áeæ â ßeæ ó å æ å ßeæ äùú û òeæ á ßeæ ó ßeæ ò ßeæ ð å æ â ßeæ ñ ßeæ ñ ßeæ ñ å æ ß å æ ä å æ ð òeæ ß ßeæ ñ áeæ ß å æ áü è Ú ê ÙÛÚ ø ø ý î Ù ì ï í óæ ß ßeæ ò ßeæ ã ßeæ á ßeæ ñ å æ ß ßeæ ã ßeæ ä ßeæ ã å æ ñ å æ å âæ ß ßeæ ñ å æ ó å æ ßü è Ú ê ÙÛÚ ø ø ý q̃2 á ßeæ å å æ ò å æ ß å æ ß å æ ä å æ ä å æ ò áeæ ß å æ ò ðeæ ð âæ ß äeæ ä áeæ á å æ ñ å æ ãü è Ú ê ÙÛÚ ø ø ý mES

å æ å ßeæ ð ßeæ å ßeæ å ßeæ å ßeæ å ßeæ ð ßeæ ã ßeæ ð ßeæ ã ßeæ ó å æ ß ßeæ á ßeæ ò ßeæ ðü è Ú ê ÙÛÚ ø ø ý ∆E

ðeæ ß å æ ã ßeæ ò å æ ß å æ ò ßeæ á ßeæ å å æ á ßeæ ã å æ ä ðeæ ñ òeæ á å æ ß áeæ ã å æ ò

b → u`ν

þ ë ßeæ ã ßeæ ó ßeæ ò ßeæ ã ßeæ ñ å æ å ßeæ ä å æ ñ å æ ó ðeæ ò å ßeæ â å áeæ ð ßeæ ò ðeæ ã å æ ðÿ ë � �ô � ý ßeæ â ßeæ ò ßeæ ð ßeæ ã ßeæ å ßeæ å ßeæ å ßeæ ò ßeæ â âæ á òeæ ä å òeæ á ßeæ á áeæ ð ßeæ ñ

B → ρ`ν

ë ë å æ ð ßeæ ó å æ ä å æ å ßeæ ä å æ á å æ ð ðeæ á ßeæ ò ðeæ ð å æ ð âæ ð ßeæ ñ ßeæ ä ßeæ ã

B0 → π−`+ν

ë ë ßeæ á ßeæ å ßeæ ß ßeæ ß ßeæ å ßeæ å ßeæ ß ßeæ â ßeæ ð ßeæ ò ßeæ ã ðeæ ß ßeæ å ßeæ ä ßeæ ðë ÿ � ßeæ á ßeæ ò å æ á ßeæ â å æ ð å æ â ßeæ ä ßeæ á å æ ß ßeæ â ßeæ ß ßeæ å ßeæ ä ßeæ â ßeæ ã

b → c`ν

þ ë å æ ã áeæ ß å æ ß áeæ â âæ ä å æ å áeæ ò áeæ ð å æ ð áeæ ð å æ ä áeæ ß ßeæ ñ ßeæ ñ ßeæ ä

B → D∗`ν

ë ë ßeæ ó å æ å ßeæ å å æ ã ðeæ á ßeæ ñ å æ â å æ ß ßeæ ñ å æ á ßeæ ã áeæ ó ßeæ ó ßeæ â ßeæ ã

B → D`ν

ë ë å æ ó å æ á ßeæ ã ßeæ ð áeæ á ßeæ â ßeæ å ßeæ ó ßeæ ò ßeæ ñ ßeæ â ßeæ ó ßeæ å ßeæ â ßeæ á

D → X`ν

þ ë áeæ ä ðeæ â ßeæ ä ßeæ ó å æ ß å æ ã å æ ã ßeæ ó å æ å å æ ß ßeæ ã å æ å ßeæ ñ ßeæ ó ßeæ ä

Υ (4S) → B0B̄0

þ ë ßeæ â ßeæ ã ßeæ å ßeæ å ßeæ ð ßeæ å ßeæ å ßeæ ó ßeæ ð å æ ß ßeæ ä ßeæ ã ßeæ å ßeæ â ßeæ á

D → K0
L

þ ë å æ ò áeæ ä å æ á å æ â å æ á å æ ò å æ ß ðeæ á å æ ä ðeæ ß áeæ ß áeæ á ßeæ ò ßeæ ó ßeæ òÜ Ù	� Ú � ï 
 � Ü ê � ê ì ô ô è ô ßeæ ä å æ á å æ ð å æ ã å æ á å æ ã ßeæ ä å æ â ßeæ ä å æ ß ßeæ ñ å æ ð ßeæ å ßeæ á ßeæ ßê è ê � ï Üî Ü ê ì ô ô è ô á áeæ ñ óæ ð ðeæ ó òeæ ã óæ ä òeæ á âæ ä äeæ ñ òeæ á å ßeæ ß å âæ ñ á óæ ð ðeæ ó óæ ã ðeæ ñë Ù ê ì ô ô è ô å òeæ á å âæ â å áeæ ä å âæ ä å òeæ â å ñeæ á å ðeæ ñ á òeæ á å óæ ã á äeæ ò á ßeæ á á óæ ó òeæ â å ßeæ á òeæ ßê è ê � ï ì ô ô è ô á óæ ò å ãeæ á å ðeæ ð å òeæ ñ å óæ ð å ñeæ ñ å âæ ó á ãeæ ó å äeæ â ð ßeæ á á òeæ å ð äeæ ñ ãeæ ò å áeæ ä ãeæ ð



p@/ '

r7sutksyx\scv : �9� |�{ �?> ∆B(q2) �9��� |��`| �"> B(B0 → π−`+ν)

OUa9L¹M`>5fC8;Au>5F<>5J,K�8d3@8?>5F¼ÃP_`:I>5J,K�8da,LEABf³�@>5f;Ac30�9:³�9J9DELifC8d>5ABJ*8dAcLE:�ABJ±LE>5D?a q̃2 j9AcJ9:I>5fCL
e5Ac�0LiJ�AcJ�O�>5j9FcL +,- &�' - Q2�9f[�@>5FB�9Lb354N8da,LR8;358?>5FoÃ�_ © (1.46 ± 0.07stat ± 0.08syst)×10−4 © Ac:
Di30ghM`>5fd>@j9FBL�ABJ�M9f;LiDEAc:;AB35J�8d3R8da9L<��35f;FBK¡>(�0LEf;>5e0L¼M9f;Ac30f\8;3¬30�,f�fCLE:;�,Fc8 ' å�1  (1.35±0.08stat±
0.08syst) × 10−4 - OUa9L�8;358?>@F<j,fd>5J9D?a,ABJ9e 4}fd>5D�8dAB35J��9J,DELEf=8?>5AcJ*8�G�Ac:�K,�9L¹AcJ�FB>5f;e0L§M`>@fC8³8d3
8;a9L¦:C8d>@8dAc:C8;ABD(>@Fó>5J,K K,Li8dLiDi8;30fb:;ABg¡�9Fu>@8;AB30Jh�9J9DiLEf=8?>5AcJ·8;ABLi: -`¸ 3��¼Li�5LEf © 8;a9L¦�9:CL³3@4\8;a9L¦FB3º30:CL
J,LE�,8;f;ABJ,3¥f;LEDi30J9:=8df;�,Di8dAc30J�K9ABK�AcJ9K9LiLEK�f;LiK9�9DEL�8;a9LEAcf�ABghM`>5Di8��bAc8;a�f;LE:CMkLiDi8§8d3¶M9fCLi�ºAB35�9:
�,J·8d>5e0e0LiK¥g�LE>5:;�,f;LEghLEJ*8;: - OUa9L¡:CGº:C8;LEg�>@8dAcDI�9J9DiLEfC8d>5ABJ*8;ABLE:2>5f;Ac:;ABJ,e�4}f;35g 8;a9LIj9f;>5J9D?a9AcJ9e
4}f;>5Di8;AB30J,:U>5J9K�4}30fCg 4½>5D�8d30fC:U354�8da9L¦j`>@D?µºe5f;30�9J,K9:«a9>��5L³>5FB:C3�jkLiLEJ :;ABe5J9Ac6`DE>5J*8dFHG¹fCLEK9�9DiLEK
j*G¢8;a9L¨g¹>@J·G*� M`>5fd>@g�L�8dLEfP6,8U8d3§8da9L¨j`>5D?µ·e0fC30�9J9K�GºABLiFBK9:UAcJ�8;a9L¦8���LiFc�5L�j9AcJ9:b354 q̃2 -

r7sutksyx\scr zU{}|�~��o� |Vubf+(0)| �`��� |����
f+(q2)

~(� �9� � �\�9���`� �*|�� � ~

OUa9L ∆B(q2) K9Ac:C8;f;ABj,�,8dAc30JÅAc:nK,AB:;M,Fu>(G0LiK ABJ]_�ABe -b+,-.+ Ë 8;30e0L�8da9Lifn�bAc8;aÅ8;a9LE30fCLi8;ABD(>@F
M,f;LEK,ABDi8;AB30J,: - Z¬:�K9Li:;DEfCABjNLEK�AcJ�m�LED�8 -[+�-q+,-.�,© ��L�gh3ºK9Ac4 G¥8;a9L�g�LE>5:;�,f;LEK q2 K9Ac:C8dfCABj9��8dAB35J
8;3¶f;LEgh3��0Ln_[m43 L�	óLiDi8;: © ABJ�30fCK9LEf�8d3�>5FcFB3�� >¶K,ABf;LiDi8hDE35g�M`>@f;AB:C30J¤�bAc8;a�8;a9L�8da9Li30f;L�8dAy�
DE>5FPM9fCLEK9AcDi8;AB30J9:��ba9ABD?a�K93¶J9358�AcJ9DEFc�9K9L�:C�9D?a�L�	óLiDi8;: � 8da9Ac:�M9f;3ºDELiK9�9fCL Ac:IFu>@jkLiFBFBLiK
���R3
_»m43��*
 - 6±L¬30j,8?>@ABJ�8;a9L f+(q2) :Ca`>5MNL24}f;30gÍ>¡698¼8d3I8da,AB:�K,AB:C8;f;Acj9�,8dAc30J - OUa9L χ2 4}�9J9D�8dAc30J
ghABJ,ABghAB£ELiK�ABJ­8;a9L f+(q2) 698¢�9:;Li:�> ^ X2_ j`>5:CLEKÎ30J­8;a9Ll8��¼3@��M9>5fd>5ghLi8;LEf¹ÃPÄ M`>5fd>��
ghLi8;f;Ac£(>@8;AB30J -�ª 8§Ac:IK9Li69J9LEK�ABJ±8;LEfCg�:�354b8;a9L ∆B(q2) Di3��@>5fCAu>5J,DEL¢g�>@8dfCAHÌ´8d3¥8d>5µ5L�AcJ·8;3
>@DEDE35�9J*8W8da9L�DE30fCf;LiFu>@8;AB30J9:n>5gh30J9e�8da9L±g�LE>5:;�9fCLEghLEJ*8d:nABJ 8da9L±�@>5fCAB30�,: q2 j9AcJ9: - OUa9L
6,8�e0Ac�5LE: α � 0.52 ± 0.05stat ± 0.03syst

© DE30ghM`>5fCLEK®8d3¤8;a9L¥M9fCLi�ºAB30�,: ghL(>@:;�9fCLEghLEJ*8
α = 0.61 ± 0.09 ' æS/0521(�}:C8?>Æ8dAB:=8dAcD(>5FbLEfCf;30f�30J9FHG"
 © >5:¹�¼LEFBF«>5:¹>��@>5FB�9L 354 |Vubf+(0)| �
(9.6 ± 0.3stat ± 0.2syst)×10−4 4}f;30g 8;a9L¼698ÂL�Ìº8df;>5MN30Fu>@8;LEK¡8;3 q2 = 0

© �bAH8da P (χ2) �  0¯0° -
OUa,AB:��@>5Fc�9L¹AcJ9DEFc�9K9Li:I>  0)0° >5J*8dAH� DE30fCf;LiFu>@8;AB30J¶jNLi8��¼LELEJ�8;a9L¢:;a9>5MkL¢>5J9K¤J935f;g�>5FBAc£(>@8;AB30J
M9>5fd>5ghLi8;LEfC: © α >5J9K cB © >5J9K�DE>5J�jkL¬�9:;LiK 8;3IM9f;LiK9ABD�8V' -0-21 fd>Æ8dLE:U3@4�358da9LifPK9LiD(>(Gº:R:C�9D?an>5:
B → ππ

-



p���/

´µ¶ · ¸h¹ º� ¼ � ¾ Ì Â Æ ¾ Ç ¾Ê Ä Â ÔÂ ¾ Ç �� (×107) Ô ×Â ¾ ÆÊ Ã Ä ÓÌ ÔÕ Ì Ã ¾ Ç Ä ¾ Â ¾ ¾Ê Ä Â ËÃ Æ¿Ì ÌÃ Ç ¾ Â ÆÍ Ã ÎÊ ÏÃ Ì Â ¾ ÆÊ Â ÆÃ È ÐÑÒ ÓÌ Ô Õ ¾ Ç Ç È Ô ÎÌ ÏÃ È ¹� ËÃ ∆B(q2) Í ¾ Ç ÎÃ È Ç ¾ ×Ã Ç ÇÃ Ä� � Ô � � ½ � ¾ ÌÃ Õ Ô Ä Æ ÁÃ Ä Â Ô ÌÃ Õ ÔÍ Ã � � ½Ã �Ã ÏÂ È ¹

q2 ØÙÛÚ Ü ÝGeV2/c4

Þ ß�à á á�à â âà ã ã�à ä ä�à å ß å ß�à å á å á�à å â å âà å ã å ã�à å ä å ä�à á ß á ß�à á á á á�à á ãeæ â q2<

å ã
q2>

å ã çéè ê � ï

∆B(q2)

å á òeæ ò å ð ñeæ ò å ò ãeæ ñ å ð ãeæ ä å â ñeæ â å å ðeæ ó å ó óæ ñ ä âæ ò å ð ßeæ ð ä òeæ ò ñ òeæ ð ã äeæ ñ å ß ä âæ ð ð ä ßeæ ß å â ã âæ ð

∆B(q2)

Ý� è ë ÿ � Þ å ð ßeæ ã å â å æ ã å ò óæ ò å ð ãeæ ó å â äeæ ã å å ðeæ ò å ó òeæ ð ä ðeæ ð å á ñeæ ð ä òeæ å ñ ðeæ ä ã äeæ â å ß ä óæ å ð ó ãeæ ã å â ã ðeæ óçô � ü õÙÛÚ � ì  üÙ ì Ú üî å æ ã å æ ó å æ ð ðeæ å ðeæ ä å æ ð å æ ä óæ å áeæ ð å æ ó áeæ á ñeæ á å æ ñ å æ ä å æ å

γ ì  üÙ ì Ú üî âæ ó å æ ð áeæ ã òeæ ß ðeæ ã ðeæ á ðeæ ò ðeæ å ðeæ ß ðeæ ò ðeæ ä óæ ß áeæ ñ å æ ó å æ ñ

K0
L

÷ Ú ìø êô è Ú Ü ßeæ ó ßeæ ã ßeæ ó å æ ß å æ á å æ á å æ á å æ ð áeæ ß å æ ò å æ å áeæ á ßeæ ò å æ ß ßeæ ãù �ô ê Ù ü ïì ú û óæ ß áeæ ò áeæ å å æ ñ ßeæ ó áeæ ó áeæ ã áeæ ò áeæ ã ðeæ â áeæ ñ óæ ß áeæ ã ðeæ ã áeæ ñ� è Ú ê ÙÛÚ ø ø ý î Ù ì ï í óæ ß ßeæ ò ßeæ ã ßeæ á ßeæ ñ å æ ß ßeæ ã ßeæ ä ßeæ ã å æ ñ å æ å âæ ß å æ ß å æ ã å æ ß� è Ú ê ÙÛÚ ø ø ý q̃2 á ßeæ å å æ ò å æ ß å æ ß å æ ó å æ ä å æ ò áeæ ß å æ ò ðeæ ð âæ ß äeæ ó áeæ â å æ ñ å æ ä� è Ú ê ÙÛÚ ø ø ý mES

å æ å ßeæ ð ßeæ å ßeæ å ßeæ å ßeæ å ßeæ ð ßeæ ã ßeæ ð ßeæ ã ßeæ ó å æ ß ßeæ á ßeæ ò ßeæ á� è Ú ê ÙÛÚ ø ø ý ∆E

ðeæ ß å æ ã ßeæ ò å æ ß å æ ò ßeæ á ßeæ å å æ á ßeæ ã å æ ä ðeæ ä òeæ á å æ ß áeæ ò å æ â

B → Xu`ν

þ ë Ü å æ á å æ â ßeæ ó ßeæ ó å æ ß å æ â å æ å å æ ä å æ ó ðeæ ã å ßeæ â å áeæ å ßeæ ñ ðeæ â å æ áÿ ë � �ô � ý ßeæ â ßeæ ò ßeæ ð ßeæ ò ßeæ å ßeæ å ßeæ å ßeæ â ßeæ â âæ å òeæ ó å âæ ñ ßeæ á áeæ å ßeæ ó

B → ρ`ν

ë ë Ü å æ ð ßeæ ó å æ ä å æ å ßeæ ä å æ å å æ á ðeæ á ßeæ ò ðeæ ð å æ ð âæ ð ßeæ ñ ßeæ ä ßeæ ã

B0 → π−`+ν

ë ë ßeæ â ßeæ ò ßeæ ò ßeæ ò ßeæ ò ßeæ ò ßeæ ò ßeæ ä ßeæ ó ßeæ ó å æ å ðeæ ò ßeæ ò å æ ð ßeæ óë ÿ � ßeæ ó å æ ò áeæ á å æ ñ áeæ ã áeæ ó áeæ á ßeæ ã áeæ ò áeæ ß å æ ð å æ å å æ ñ å æ ä å æ ñ

B → Xc`ν

þ ë Ü å æ ä áeæ å å æ å áeæ á âæ ã å æ á áeæ â áeæ á å æ ð áeæ ò å æ ó áeæ á ßeæ ñ å æ ß ßeæ ä

B → D∗`ν

ë ë Ü ßeæ ó å æ å ßeæ å å æ ã ðeæ å ßeæ ä å æ â å æ ß ßeæ ñ å æ á ßeæ ã áeæ ó ßeæ ó ßeæ â ßeæ ã

B → D`ν

ë ë å æ ó å æ á ßeæ ó ßeæ ð áeæ á ßeæ â ßeæ å ßeæ ó ßeæ ã ßeæ ñ ßeæ â ßeæ ó ßeæ å ßeæ â ßeæ á

Υ (4S) → B0B0 þ ë áeæ å áeæ ò å æ ò å æ ò å æ ð å æ ó å æ ã å æ á å æ ã å æ ß áeæ â å æ ñ å æ ó å æ ó å æ ó

D → X`ν

þ ë Ü áeæ ð áeæ ä å æ å å æ ð å æ ã å æ å å æ å ßeæ ñ ßeæ ã ßeæ ñ å æ ß ßeæ ä ßeæ â ßeæ ò ßeæ ð

D → K0
L

þ ë Ü ßeæ ã å æ ó áeæ ð å æ ò áeæ ß áeæ ð å æ ß âæ á å æ ä ðeæ ñ å æ ß å æ ó å æ å å æ ß å æ åþ ü èø Ú ê ÙÛÚ � å æ å å æ å å æ å å æ å å æ å å æ å å æ å å æ å å æ å å æ å å æ å å æ å å æ å å æ å å æ åÿ Ù	� Ú � ï 
 � Ü ê � ê ì ô ô è ô å æ ò å æ ó å æ ã å æ ñ å æ ã å æ ñ å æ â å æ ä å æ â å æ ã å æ ð å æ ò ßeæ ò ßeæ ã ßeæ âç è ê � ï Üî Ü êì ý � ê Ù ü ì ô ô è ô á ðeæ ó óæ ß ãeæ á äeæ å ñeæ ã óæ ð óæ å å å æ ß óæ ß å å æ ß å âæ ñ á óæ ß ãeæ ð óæ ä òeæ óë Ù ê ì ô ô è ô å òeæ á å âæ â å áeæ ä å âæ ä å òeæ â å ñeæ á å ðeæ ñ á òeæ á å óæ ã á äeæ ò á ßeæ á á óæ ó òeæ ð å ßeæ ð âæ äçéè ê � ï ì ô ô è ô á äeæ á å ãeæ å å âæ á å ãeæ ñ å äeæ á á ßeæ ò å òeæ ã á óæ ò å ñeæ ß ð ßeæ ã á òeæ å ð äeæ ó äeæ á å áeæ ñ óæ ò
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Ç<ÈÂÉ�Ê#"%$qp'&)( V+*0fCf;LiFu>@8;A,*0J g¹>Æ8df;AyÌ-*54[8da,LIM`>5f=8dAu>@F ∆B(q2) :C8d>@8dAc:C8;ABD(>@F\�,J9DELifC8?>@ABJ*8dAcLE:.*0jº�
8d>5ABJ,LEK¹4}f/*0g 8da9L2fCL(>5FkK`>@8d> $ OUa,L¦D0*0fCf;LEFB>@8dA1*0J9:<a`>(�0L28;a9L2:d>@g�LR�5>@FB�9Li:�42*0f¼8;a9L3�4�5*�_[me3��
DE>5:;L³>5:U42*0fP8;a9L6*0J9L¦�bAc8;a _[m43 © �bAc8;a9ABJ�8da,L��·�7*@8dLEK M9fCLEDEAc:;A1*0J $

q2 Ï*ÐÒÑ·ÓÔ
GeV2/c4 Õ Öi×ÙØ Øi×}Ú Ú(×ÙÛ Ûi×ÙÜ Üi×=ÝÞÖ ÝÞÖi×=ÝÞØ ÝÞØi×=ÝdÚ ÝdÚ(×=ÝÞÛ ÝÞÛi×=ÝÞÜ ÝÞÜi×ÙØ�Ö Ø�Öi×ÙØ�Ø Ø�Øi×ÙØ�Û0ß Ú

Öi×ÙØ Ý�ß�Ö�Ö ×ÙÖ0ß�Ø�Û Ö0ßÒÝ�Ý Ö0ß�Ö0Ý Ö0ß�Ö�Û Ö0ß�Ö0Ý Ö0ß�Ö�á ×ÙÖ0ß�Ö0Ý ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö0Ý
Øi×}Ú ×ÙÖ0ß�Ø�Û Ý�ß�Ö�Ö ×ÙÖ0ß�á�á Ö0ßÒÝdÚ Ö0ß�Ö�á ×ÙÖ0ß�Ö�Ö Ö0ß�Ö0Ý ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö
Ú(×ÙÛ Ö0ßÒÝ�Ý ×ÙÖ0ß�á�á Ý�ß�Ö�Ö ×ÙÖ0ß�á�Ö Ö0ß�Ø0Ý Ö0ß�Ö�â Ö0ßÒÝÞá ×ÙÖ0ß�Ö�Ø ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö
Ûi×ÙÜ Ö0ß�Ö0Ý Ö0ßÒÝdÚ ×ÙÖ0ß�á�Ö Ý�ß�Ö�Ö ×ÙÖ0ß�Ø�Ø Ö0ßÒÝÞâ Ö0ß�Ö�ã ×ÙÖ0ß�Ö0Ý ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö
Üi×=ÝÞÖ Ö0ß�Ö�Û Ö0ß�Ö�á Ö0ß�Ø0Ý ×ÙÖ0ß�Ø�Ø Ý�ß�Ö�Ö ×ÙÖ0ß�Ø�Ø Ö0ß�Ø�Ö ×ÙÖ0ß�Ö�á Ö0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö
ÝÞÖi×=ÝÞØ Ö0ß�Ö0Ý ×ÙÖ0ß�Ö�Ö Ö0ß�Ö�â Ö0ßÒÝÞâ ×ÙÖ0ß�Ø�Ø Ý�ß�Ö�Ö ×ÙÖ0ß�Ö�Ø Ö0ß�Ö�Ø ×ÙÖ0ß�Ö�Ö Ö0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö
ÝÞØi×=ÝdÚ Ö0ß�Ö�á Ö0ß�Ö0Ý Ö0ßÒÝÞá Ö0ß�Ö�ã Ö0ß�Ø�Ö ×ÙÖ0ß�Ö�Ø Ý�ß�Ö�Ö ×ÙÖ0ß�Ø�â ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�á Ö0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö
ÝdÚ(×=ÝÞÛ ×ÙÖ0ß�Ö0Ý ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ø ×ÙÖ0ß�Ö0Ý ×ÙÖ0ß�Ö�á Ö0ß�Ö�Ø ×ÙÖ0ß�Ø�â Ý�ß�Ö�Ö Ö0ß�Ö�Û Ö0ß�Ø0Ý ×ÙÖ0ß�Ö�Û ×ÙÖ0ß�ÖEÚ
ÝÞÛi×=ÝÞÜ ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö Ö0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö Ö0ß�Ö�Û Ý�ß�Ö�Ö Ö0ßÒÝÞá ×ÙÖ0ß�Ö�Ü ×ÙÖ0ß�Ö�Û
ÝÞÜi×ÙØ�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö Ö0ß�Ö�Ö ×ÙÖ0ß�Ö�á Ö0ß�Ø0Ý Ö0ßÒÝÞá Ý�ß�Ö�Ö ×ÙÖ0ß�Ø0Ý ×ÙÖ0ßÒÝÞá
Ø�Öi×ÙØ�Ø ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö Ö0ß�Ö�Ö ×ÙÖ0ß�Ö�Û ×ÙÖ0ß�Ö�Ü ×ÙÖ0ß�Ø0Ý Ý�ß�Ö�Ö ×ÙÖ0ß�Ö�â

Ø�Øi×ÙØ�Û0ß Ú ×ÙÖ0ß�Ö0Ý ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�ÖEÚ ×ÙÖ0ß�Ö�Û ×ÙÖ0ßÒÝÞá ×ÙÖ0ß�Ö�â Ý�ß�Ö�Ö

Ç<ÈÂÉ�Ê8"9$äp9�:( V+*0fCf;LiFu>@8;A,*0J�g�>@8dfCAHÌ;*54\8da9L¦M9>5fC8;Au>5F ∆B(q2) :CGº:C8;LEg�>@8dAcD¦�9J9DiLEfC8d>5ABJ*8;ABLE:<*0jº�
8d>5ABJ,LEK¹4}f/*0g 8da9L2fCL(>5FkK`>@8d> $ OUa,L¦D0*0fCf;LEFB>@8dA1*0J9:<a`>(�0L28;a9L2:d>@g�LR�5>@FB�9Li:�42*0f¼8;a9L3�4�5*�_[me3��
DE>5:;L³>5:U42*0fP8;a9L6*0J9L¦�bAc8;a _[m43 © �bAc8;a9ABJ�8da,L��·�7*@8dLEK M9fCLEDEAc:;A1*0J $

q2 Ï*ÐÒÑ·ÓÔ
GeV2/c4 Õ Öi×ÙØ Øi×}Ú Ú(×ÙÛ Ûi×ÙÜ Üi×=ÝÞÖ ÝÞÖi×=ÝÞØ ÝÞØi×=ÝdÚ ÝdÚ(×=ÝÞÛ ÝÞÛi×=ÝÞÜ ÝÞÜi×ÙØ�Ö Ø�Öi×ÙØ�Ø Ø�Øi×ÙØ�Û0ß Ú

Öi×ÙØ Ý�ß�Ö�Ö Ö0ßÒÝÞã Ö0ß�á�Ø Ö0ßÒÝ�Ý ×ÙÖ0ß�Ö�Û Ö0ß ÚÆÛ Ö0ß Ú�Ú Ö0ßÒÝÞá Ö0ß�á0Ý Ö0ß�Ø�á Ö0ßÒÝÞá Ö0ß�Ö�Ö
Øi×}Ú Ö0ßÒÝÞã Ý�ß�Ö�Ö Ö0ß�Ø0Ý ×ÙÖ0ß�Ö�ã ×ÙÖ0ß�Ø�Ü Ö0ß�á0Ý Ö0ßÒÝ�Ý ×ÙÖ0ß�Ö�â Ö0ß�Ø�á Ö0ßÒÝdÚ Ö0ßÒÝÞÜ Ö0ß�á�â
Ú(×ÙÛ Ö0ß�á�Ø Ö0ß�Ø0Ý Ý�ß�Ö�Ö Ö0ß�Û�Û Ö0ß ÚÆÛ Ö0ßÁàiÚ Ö0ß�â�Ü Ö0ß�â�Ø Ö0ß�â�Û Ö0ß�á�Ö Ö0ß�ÖEÚ Ö0ß�ÖEÚ
Ûi×ÙÜ Ö0ßÒÝ�Ý ×ÙÖ0ß�Ö�ã Ö0ß�Û�Û Ý�ß�Ö�Ö Ö0ßÁà(â Ö0ß�â�Ü Ö0ß�Û�à Ö0ß�Û�Ö Ö0ß�âEÚ Ö0ß�Ø�à ×ÙÖ0ß�Ö�â ×ÙÖ0ß�Ö�ã
Üi×=ÝÞÖ ×ÙÖ0ß�Ö�Û ×ÙÖ0ß�Ø�Ü Ö0ß ÚÆÛ Ö0ßÁà(â Ý�ß�Ö�Ö Ö0ß�á�Ø Ö0ß�â�ã Ö0ß ÚÆÜ Ö0ß�á�â Ö0ßÒÝÞá Ö0ß�ÖEÚ ×ÙÖ0ßÒÝ�Ý
ÝÞÖi×=ÝÞØ Ö0ß ÚÆÛ Ö0ß�á0Ý Ö0ßÁàiÚ Ö0ß�â�Ü Ö0ß�á�Ø Ý�ß�Ö�Ö Ö0ß�Û�à Ö0ß�á�à Ö0ß�â�â Ö0ß�á�Û Ö0ß�Ö�Ü Ö0ß�Ö�â
ÝÞØi×=ÝdÚ Ö0ß Ú�Ú Ö0ßÒÝ�Ý Ö0ß�â�Ü Ö0ß�Û�à Ö0ß�â�ã Ö0ß�Û�à Ý�ß�Ö�Ö Ö0ß�á�Ø Ö0ß�Û�Ø Ö0ß�á�Û Ö0ß�Ö�Ü ×ÙÖ0ßÒÝdÚ
ÝdÚ(×=ÝÞÛ Ö0ßÒÝÞá ×ÙÖ0ß�Ö�â Ö0ß�â�Ø Ö0ß�Û�Ö Ö0ß ÚÆÜ Ö0ß�á�à Ö0ß�á�Ø Ý�ß�Ö�Ö Ö0ß ÚÆÖ Ö0ß�Ø�Ü Ö0ß�Ö�â ×ÙÖ0ßÒÝ�Ý
ÝÞÛi×=ÝÞÜ Ö0ß�á0Ý Ö0ß�Ø�á Ö0ß�â�Û Ö0ß�âEÚ Ö0ß�á�â Ö0ß�â�â Ö0ß�Û�Ø Ö0ß ÚÆÖ Ý�ß�Ö�Ö Ö0ß�âEÚ Ö0ß�Ö�â ×ÙÖ0ß�Ö�Ü
ÝÞÜi×ÙØ�Ö Ö0ß�Ø�á Ö0ßÒÝdÚ Ö0ß�á�Ö Ö0ß�Ø�à Ö0ßÒÝÞá Ö0ß�á�Û Ö0ß�á�Û Ö0ß�Ø�Ü Ö0ß�âEÚ Ý�ß�Ö�Ö ×ÙÖ0ßÒÝÞÖ Ö0ß�Ø�á
Ø�Öi×ÙØ�Ø Ö0ßÒÝÞá Ö0ßÒÝÞÜ Ö0ß�ÖEÚ ×ÙÖ0ß�Ö�â Ö0ß�ÖEÚ Ö0ß�Ö�Ü Ö0ß�Ö�Ü Ö0ß�Ö�â Ö0ß�Ö�â ×ÙÖ0ßÒÝÞÖ Ý�ß�Ö�Ö Ö0ß�Ö�Ü

Ø�Øi×ÙØ�Û0ß Ú Ö0ß�Ö�Ö Ö0ß�á�â Ö0ß�ÖEÚ ×ÙÖ0ß�Ö�ã ×ÙÖ0ßÒÝ�Ý Ö0ß�Ö�â ×ÙÖ0ßÒÝdÚ ×ÙÖ0ßÒÝ�Ý ×ÙÖ0ß�Ö�Ü Ö0ß�Ø�á Ö0ß�Ö�Ü Ý�ß�Ö�Ö
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DATA

�����UÊ="%$�" Ë (l^ >5fC8;Au>5F ∆B(q2) :;MNLED�8df;�,g¾ABJ ��p j9AcJ9:.*54 q2 $ OUa9L�:Cg¹>5FcFBLif¬LEfCf>*0f¦j9>5f;:¨>5fCL
:=8?>@8;AB:=8dABDE>5F3*0J9FcG��ba9AcFBLl8;a9LWFB>5f;e0Lif?*0J,LE:�>5Fc:>*¤AcJ9DEFc�9K9LW:=G�:=8dLig¹>@8;ABDW�,J9DELifC8?>@ABJ*8dAcLE: $ OUa9L
:/*0FBAcK®j9Fu>@D?µYDE�9f=�0L´:;a7*��b:�8da9L¶fCLE:;�,Fc8@*54³8da9L¥698@*@4�8;a9L´ÃPÄ M`>5f;>5ghLi8dfCAB£E>@8dA1*0J�8>*�8;a9L
K9>@8?> $ OUa9L¨K`>@8d>�>5f;L¨>5Fc:>*�DA*0g�M9>5f;LiK¢8B*��9J"�·�9LiJ9D?a9LiK�#&%³VPX DE>5FBDi�9Fu>@8;A,*0J,: ' å*),+.-0/21 © #�VUme3
DE>5FBDi�9Fu>Æ8dA,*5J9: ' å*521 © >@J9K 8;a9L ª m9²76 p �·�`>@f;µ¢gC*�K,LEF ' å98�1 $



p��D"
r7sutksyx\syx E��º~i|�~§�N�.FHGJI ; �?> ; =&>}� |�{}� � ~

Ç<ÈÂÉ�ÊK"%$qp0pL(
χ2 �@>5FB�,LE:�>5J,K�>5:;:/*�DiAu>@8;LEK�M9f/*0j`>5j,ABFBAH8dAcLE:.M2*0f³�5>@f;A,*5�9:]%¨VPX D(>@FBDE�,Fu>@8;A,*0J9:

DA*0ghM`>5f;LiK�8B*)*0�9fbghL(>5:C�9f;LiK q2 :CMkLiDi8;f;�9g © M2*0fP8��¼LEFc�5L�K,LEe0fCLELE:<*'MNM}f;LiLEK7*0g $
:C8?>Æ8«Lif;f/*0f�*0J9FHG :C8d>@8��2:CGº:=8«Lif;f/*0f;:

%¨VPX g;*ºK9LEF χ2 Prob(χ2) � ° 
 χ2 Prob(χ2) � ° 
ª m9²76 p ' å98�1 ¯ &%$   &%$�&!&!& ° " Ë $ ¯ &9$O& ¯@ *°
Ã�>5FBFy��Pk�bABD?µ*G ' å*521 �   $q� � ¯ $.� ° ��p9$ Ë Ë �!$äp °
_K�«ZV# ' -0/21 � ¯ $RQ p'&%$OQ ° �!�!$�S Ë*¯ $O& °
¸¬^ %¨VPX ' å*)21 �'�!$ ¯ Ë �%$�S ° S%$ Ë  5  $OS °

OUa9L χ2 M9f>*5jUT5j7V1W,V1X>VBLAYIaUT(�0LWjNLELAZ\[0T'W,[i�7W]T^X;L0_�f>`AW]T^X>Vc�!`@XB*
Xda7` j7V1Z7Z7`0_a_UT^XBT�f>`AY;�7WbX
_%V,Y;M%W]Tdc!`A_
V1Z¶_eVBe $#"%$�" Ë M2*0f2�^T5f/V,*0�7Y5Xda7`A*0f>`fXBV,[0T'WÂM,f>`0_%V,[AX>V,*!Z%Y © [A*!Z7Y>V1_7`Ef/V,Z9eL*'Z7W1cg`�Ì�M8`Ef>Vy�
gC`0ZhXBT'W7`EfCf>*0f/Y © T^Yi_7`0Y/[Ef>Vcjj`A_)V,Zhm9`A[AX $k"9$O"%$�S%$@ª ZhONT5j7W1` "%$qp0p �l`Re'Vc�!`mX;a7`P�^T'WB�%`0YK*'M χ2 T'Z7_
X;a7`0Vcf<T'Y>Y/*9[AV]T^X>`0_�M9f/*0jUT5j7V1W,VbXBV,`AYlM2*0fmX;a7`nM2*0�9f<_7V�	o`if>`0ZhXbgC*9_%`0W,Y $ 6p`q*5j%XrT'V1Z P (χ2) �   Q °
M2*5f ¸«^ %¨VPX ' å*)21 © Ë·¯5° M2*0f¹_e�«Z7# ' -0/21�T'Z7_ Ë � ° M2*0f #�VUme3 ' å*521 $ OUa7` ª m9²76 p �·�UT5fCµ
gC*�_7`0W ' å98�1 © P (χ2) � &%$�&  *° © V1Y?[AW,`dT@f>W1csV1Z7[0*5g�MUTtXBVBj%W,`¢�<V1X;au*0�9f;_UT^XBT $ Z g;*0f/`v_7`fwUZ7Vy�
X>Vc�'`x[?a7*'V,[0`JT5gC*!Z9e)Xda7`³f>`ig?T'V1Z7V,Z,eC[0T'W,[i�7W]TtXBV,*'Z7YUgI�7Y�X.T(�+T'V1X:T;YC�9j7Y/XBT'ZhXBV,T'WyV,Z7[if>`dT^Y>`JV1Z
Y�XrT^X>V,Y�XBV,[AY $

r7sutksyx\s1z TVU7| ��� ;5|�{}� � �o� |Vub|

6p`{`�Ì�X;fBT'[fX |Vub| M}f/*0g Xda7`{|7T5f/X>V]T'W³ÃP_UY ∆B(q2) �7Y>V1Z9e\X;a7`¤f>`AW]T^X>V,*!Z² |Vub| =
√

∆B(q2)/(τB0∆ζ)
© �ba7`if>` τB0 = 1.530 ± 0.009 |%Y ' å�1 V,Y3Xda7` B0 W1V1M2`fXBVBgC`6T'Z7_ ∆ζ =

Γ/|Vub|2 V1Y�Xda7`qZ7*0fCg?T'W1VB£A`0_@|UT5f�XBV]T^W#_7`0[0Tdcnf>T^XB`6|9f/`0_7V1[AX>`0_ljhc@Xda%`qM2*0fCg§�}M~T'[AX>*0fm[0T'W,[i�7W]TÆ�
X>V,*!Z%Y ' å98 � -0/,+uæ~�0)21 �~Y/`0`hm9`A[AX $o"%$�"%$1�d& 
 $ �»Ì9[AWB�7_7V1Z9e?X;a7` ª m9²76 p g;*�_7`AW © Xda7`¡�^T'Wc�7`0Y:*'M |Vub|
e'Vc�!`AZ?V1ZhONT5j7W1` "9$äp'" fBT^Z9e!`�M}f>*0g (3.6−4.1)×10−3 $ Z:W,W9Xda7`AY>`«�^T'Wc�7`0Y<aUT(�!`3XB*³jj`3[0*'Z7Y>Vy�
_%`Ef>`A_�Y>V1Z7[0`x*0�9f:[i�9f;f/`0ZhXn`ÞÌ%|8`Ef/VBgC`0ZhXrT^WNY/`0Z7Y/V1XBVH��V1X�c-_7*�`0Y:Z%*'XnT'W1W,*���T;_7`AwUZ%V1XBVH�!`x[?a7*!V,[A`
T@g;*!ZhXKX;a7`�[0*5f;f>`AY>|8*!Z7_7V1Z9e6[dT'W1[E�7W,T^XBV1*!Z7Y $ _U*0feX;a7`UgC*!Y/X�f/`0[0`AZhXBW1cJ|9�9j7W1V,YCa7`0_§�7Z"�·�7`AZ7[?a7`A_
#&%¨VPX�[dT'W1[E�7W,T^XBV1*!Z ' å*)21 © �l`6*0j%XrT^V,Z  
|Vub| � (4.1 ± 0.2stat ± 0.2syst

+0.6
−0.4FF

)

× 10−3 $



p�� Ë

Ç<ÈÂÉ�Ê%"%$qp'"n( ��T'WB�%`0Y�*'M |Vub| _7`Ef/Vc�'`0_?M}f/*0g�Xda7`3M2*0f;g���M~T^[AXB*5fi[dT'W1[E�7W,T^XBV1*!Z7Y $ OUa7`:w`f/Y/X�X��+*
�%Z7[0`if/XrT^V,ZhXBV1`0YnT5f/V,Y/`JM}f>*0g�Xda%`�Y/XrTtXBV,Y�XBV1[dT'WNT'Z7_�Y/c�Y�XB`Eg;T^X>V,[I�7Z%[0`Ef�XrT'V1ZhXBV,`AYn*'MiXda%`�|UT5f/X>V]T'W
Ã�_�Y © f>`AY>|8`0[fXBVc�'`0Wbc $ OUa7`�X;a7VBf/_¥�7Z7[0`if/XBT'V,ZhX�c�[A*0g;`AY.M}f>*0g�Xda%`h�%Z7[0`if/XrT^V,ZhXBV1`0Y.*!Z ∆ζ _9�7`
X>*�Xda7`6[dT^W,[E�%W]T^X>V,*!Z7Y $

q2 � GeV2/c4 
 ∆B � 10−4 
 ∆ζ � ps−1 
 |Vub| � 10−3 

ÃmT'W1WH��Pk�<V1[?µhc ' å*521 < 16 1.09 ± 0.06 ± 0.07 5.44 ± 1.43 3.6 ± 0.1 ± 0.1+0.6

−0.4¸«^ %¨VPX ' å*)21 > 16 0.38 ± 0.04 ± 0.03 1.46 ± 0.35 4.1 ± 0.2 ± 0.2+0.6
−0.4_e�«Z7# ' -0/21 > 16 0.38 ± 0.04 ± 0.03 1.83 ± 0.50 3.7 ± 0.2 ± 0.2+0.6
−0.4Z ^ � ' æ~�0)21 > 16 0.38 ± 0.04 ± 0.03 1.80 ± 0.86 3.7 ± 0.2 ± 0.2+1.4
−0.7ª m9²76 p ' å98�1 &�(,p   $ Ë

1.46 ± 0.07 ± 0.08 9.6 ± 4.8 3.2 ± 0.1 ± 0.1+1.3
−0.6
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r7s1� G � �N~(~�@�;@����;t�7~

6p`¬aUT(�'`:|8`Ef/M2*5f;gC`0_§�'T@f>V,*5�7Y�[Ef>*'Y>Y=��[?a7`0[?µkY�XB*³g;T5µ'`3Y;�9f/`5X;aUT^X�Xda7`Rf>`AY;�7WbXBYmT^Z7_;X;a7`0Vcf
�%Z7[0`if/XrT^V,ZhXBV1`0YmT@f>`3Y>`0WbMu��[A*0a7`Ef/`0ZhX $ OUa7`¬a%VBe0a;Y/XrTtXBV,Y�XBV1[0Y�|9f>*���V,_7`A_¢jhc?*5�9flX>`0[?a7Z7V
�·�7`nT'W1W,*��
�%Y=X>*5YCa7*���XdaUT^XyX;a7`Ef/`lV1Y\e'*9*�_qT5e0f>`A`EgC`0ZhX\jj`fX��+`A`0Z�_UTtXrT3T'Z7_qY>VBg¡�7W]T^X>V,*!Z.M2*5fyX;a7`�[Ef/V1XBV1[dT'W
�^T5f/V]T5j%W,`0YxV,Z{Y/VBe!Z7T'Wl_%`0|7W1`AXB`A_ © Y/VBe!ZUT^Wl`AZ9aUT'Z7[A`0_ © b → u`ν `AZ9aUT'Z%[0`0_�T'Z%_�[0*!ZhXBV1Z·�9�9g
[A*!ZhXdf/*!W7YBT@g;|7W1`0Y $ V+*!Z7Y/V,Y/X>`0ZhX<f>`AY;�7WbXBY�T5f>`�*5j%XrT'V1Z7`0_)`AV1Xda%`Ef[jhc�_7VH�9V1_7V,Z,e:Xda7`mw7ZUT'WU_UT^XBT'Y>`fX
V1ZhXB*�Y;�9jº��YBT@g;|7W1`0Y)*0f§�7Y/V,Z9e´g;*�_7VbwU`0_�j7V1Z7Z7V1Z9e!Y)*0f�gC*9_7VbwU`0_s`��!`0ZhX?Y>`0W1`0[fXBV,*'Z7Y $ OUa7`AY>`
[if>*!Y/Y=��[?a7`0[?µkYnT5f/`¦a7*��+`��!`if:Z7*'X<V1ZhXB`0Z%_7`0_-XB*)`0Y�XBVBg;T^X>`nY/c�Y/X>`Eg;T^XBV1[¦�7Z7[0`if/XBT'V,ZhXBV1`0Y $

r7s1�7sSR I � | �j�%� G ;0� �±�\�9� {Ù~i� � ~
6p`�[0*0gC|UT5f/`0_�X;a7`�_UT^XBTLT'Z7_´TWV�_7V,Y�Xdf/VBj9�%X>V,*!Z%Y:*'M�µ^`Ac��·�UT'ZhX>V1XBV1`0Y.*^M�X;a7`)T'ZUT^W1c�Y>V1Y

TtM�XB`Ef+T'W,W�Y/`0W,`A[AX>V,*!Z7YmT'Z7_H[A*0f;f/`0[AX>V,*!Z%Y $ OUa%`.[0*0gC|UT5f/V,Y/*!Z7Y+|,f>`0Y/`0ZhXB`A_@V,Z�m9`A[AX $7"%$.�%$b�!$1� T'Z7_"9$q�%$b�!$qp �+`if>`�g;T'_7`¡�ba%V,W,`qXda7`)T^ZUT'W1c�Y/V,Y¬�+T'YnY/X>V,W1W�µ^`0|%X¨j7W1V,Z7_ å4� $ OUa7`)[A*0g;|7T5f>V1Y>*!Z7Y5|9f>`Þ�
Y/`0ZhXB`A_;V1Zhm9`0[fX $h"9$q�%$b�!$�" �+`if>`bg;T'_7`�T^M�X>`EfeX;a7`<T'ZUT^W1c�Y>V1YÂaUT'Y[j8`0`AZ§�7Z·j7W,V1Z7_7`0_ $ OUa7`�*��!`ifBT'W1W
T@e0f>`A`EgC`0ZhX3V,YP�!`if/c�e!*�*�_ $ª Z�_NVBe!Y $y"%$O" ¯ ©y"%$�"hQ T'Z%_ "%$�"!S,© �l`?[0*5g;|UT@f>`0_ �·�UT'ZhXBVbXBV1`0Y³f>`0W,T^XB`A_pX>* S�Y>VBe'ZUT'Wi[dT^Z��
_%V,_UT^X>`0Y  =Xda7`?[Ef;�%[0V]T^W ∆E

©
mES T'Z%_ q̃2 T'Y¡�l`0W1WmT'YJX;a7`HW1`0|%X>*!Z¤gC*0g;`AZhXd�9g�T'Z7_{X;a7`

|%V,*!Z;T'Z7_CW,`A|%XB*!ZC|8*!W]T5f�T^Z9e!W,`<V1ZCX;a7`5W,T5j8*0fBT^X>*0f/cxM}fBT5gC` $ _NVBe!Y $h"%$�"   ©k"%$�"0� T'Z7_ "9$ Ë & Y;a%*��
X:T^XrTLE5TWV�[0*0gC|UT5f/V,Y/*!Z7Y)*'Mn`��!`0ZhX¢�^T5f/V]T5j%W,`0Y © ZUT5gC`0Wbc� θMiss

©
PMiss

© X;a7`vZ·�9gIj8`EfC*'M
²¦ON��#sXdf>T'[?µkY © Xda%`�Zº�,gIjj`if6*'M�VmT'W,*0f>�5`i�%Xdf>T'W �<TWV j,�9g;|%Y © X;a7`�[?aUT5fCe!`0_
`0Z7`if;e'c�T'Z7_
X;a7`mZ7`i�%Xdf>T'W%`AZ7`EfCe'c $ OUa7`0Y/` �·�UT^ZkX>V1X>V,`0YeT5f>`+*'M�V,Z7_%VBf>`A[AXeV,ZhXB`if>`0Y�X�Y>V1Z7[0`+X;a7`Acx[dT^Z;T�	o`A[AXKX;a7`
Z%`E�%X;f>V,Z%*hf/`0[A*!Z7Y/X;f;�7[fXBV1*!Z �ba%V,[?a-V,ZLXd�9f/Z7Y5T�	o`A[AX>Y<X;a7` ∆E T^Z7_ mES _7V,Y�Xdf>Vcj9�%X>V,*!Z7Y $ �3*'X
YC�9f>|,f>V,Y/V,Z9e'W1c © �+`qZ7*'X>`.XdaUTtX�Xda7`6Z·�9gIj8`Ef<*'M»VmT'W,*5fB�5`i�%Xdf>T'W7j9�,g;|7Y�V1Y�|j*�*0f/W1c;Y>VBg¡�7W]T^X>`0_ $
OUa%V,Y3V,Y3Th�l`0W1WH��µkZ7*��<Zg`�	j`0[AX3Xda7T^X:|,f>VBg;T5f/W1c;[0*0gC`0Y<M}f>*0g j7T'[?µ·e0f>*0�%Z7_�|9a7*^XB*!Z7Y3*'M»�'`Ef�c
W1*��u`0Z%`Ef;e^c $º¸ *��l`i�!`if © *0�9flT'ZUT'Wbc9Y/V,Yi_7*�`0Y�Z7*'X�_7`A|j`AZ7_H_7Vcf>`A[AXBWbc�*!Z)Xda7`3Z·�9gIj8`Ef�*'MZ�<TWV
j,�9g;|%Y $ Z�g;*5f>`<f>`0W1`i�^T'ZhX �·�UT^ZkX>V1X�cxV,Y=Xda7`lZ7`E�%X;fBT'W9`0Z7`if;e'c  �Xda7`mYC�9g�*'M8T'W,W�VmT'W1*0fB�3`E�%X;fBT'W
j,�9g;|%YE¿U`0Z%`Ef;e^c © �ba7V1[?agV1YP�+`AW,W�Y>VcgI�7W,T^XB`A_ $
ç��/��ì=ì��(ì>��öCü@ý�ü��(ü ý� y÷A¡wï�÷A¡Ùì[õ�ì=öÀî�ú.ñäí#¡ÙìCûiîf¡Àõ�ú¿��û�÷�ô�¡�¢~£�ñqú �Æõ2î��ÆîÞñO¤�í½úäí�¥Âð�¡Ù÷D�=ìCõ�ô�¡Àì�ü
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r7s1�7sSRosSR G¡� �±�\�9� {½~E� � �o�«�U¦ @ � �º~E� ���`� ;0� �\� | � W { |��j;0� � |�{ �<=&=�� � G

6p`<[0*0gC|UT5f/`0_�_7V1Y/Xdf/VBj9�9XBV,*'Z7Ye*0j9XrT'V1Z7`0_��<V1X;a�Xda7`<[A`0ZhXdf>T'W7[0*'Z%w`e0�9f>T^XBV1*!Z�*'M8Xda7`�[A*!ZhXBVy�
Z·�9�,g TWV§Y>VcgI�7W,T^XBV1*!Zl�<V1X;a�Xda7*!Y/`;*^MlX;a7`)*[	N� f>`AY>*!ZUT^Z7[0`C_UT^XBT@[A*!ZhXdf/*!WiYBT5gC|7W1` © V1Z
X;a7`
`AZhXBVBf/` ∆E � mES w%X¼f/`Ee!V1*!Z $ Z5Y�Y;a7*��<ZHV1Z�_NVBe!Y $!"%$�" ¯ T'Z7_ "%$O"   © Xda%`5T@e0f>`ig�gC`0ZhX�j8`AX��l`0`0Z
_7T^XrT)T'Z7_lTWV¨V,YP�!`if/c�e!*�*�_ $

r7s1�7sSRoscv G¡� �±�\�9� {½~E� � �o��� � @ � �º~E� �\�9� ;0� ��� | ��W {}|�� � =&>�>x� G ~({ � =&>½� |�{½� � { �
|��\�W~({ � �oA �9��� ~h�o� ∆E �9��� mES

6p`L[0*0gC|UT5f/`0_�_7V1Y/X;f>VBj,�%XBV1*!Z7Yq*0j%XrT^V,Z7`A_¤�<V1Xda{X;a7`H[A`0ZhXdf>T'Wm[0*'Z%w`e0�9f>T^XBV1*!Z�*'M�X;a7`LY>Vy�
g¡�7W]T^X>V,*!Z��<V1Xda©X;a7`�*!Z���f/`0Y/*!ZUT'Z7[A`p_7T^XrT�*!Z7`AY@V,Z©Xda7` ∆E � mES Y/V,_7`ijUT'Z7_%YCå4� © �ba7`if>`
X;a7`@Y>Vce!ZUT'Wl[0*!ZhXdf/VBj9�9XBV,*'Z�V1Y�_7`0|%W,`AX>`0_ $ m�V,Z7[A`HXda7` B0 → π−`+ν Y>VBe'ZUT'W�T'Z%_ b → u`ν

j7T'[?µ·e0f>*0�%Z7_\c�V,`AW,_7YCT5f/`gZ7*^X?`ÞÌ%|8`0[fXB`A_\XB*�jj`-|9f>`A_7V,[fXB`A_\|9f/`0[0V1Y>`AW1csV,Z�Xda7`-Y>VcgI�7W,T^XBV1*!Z ©
X;a7`�TWV a7V1Y/XB*5e0fBT5gCY��+`if>`sY>[0T'W,`A_ jkcªM~T'[fXB*0f/YWe!Vc�'`0Z jhc�TYj%W,V,Z%_7`0_«w%X�XB*\X;a7`{_UTtXrT
� pu`ν = 0.854 ± 0.019

©
pother BB = 1.015 ± 0.011

©
pcont = 1.097 ± 0.039 
 $m¬ a7`

w%X��+T'Y�|j`if/M2*0fCg;`A_HV,ZCXda7`:Y>V,_%`EjUT'Z%_7Ym*'M ∆E T'Z%_ mES
© �7Y>V1Z9e�TJ[A*0gIj7V1Z7`0_ ^ X¬_­M2*0flX;a7`

B0 → π−`+ν Y>Vce!ZUT'W9T'Z7_xXda7` b→ u`ν jUT'[?µ·e0f/*0�7Z7_ $!¬ a7` q̃2 V1Z%M2*0fCg?T^X>V,*!Z¨�+T'YKZ7*'X»�7Y>`A_ $¬ a%` χ2/ndof *^M�Xda7`3w7X��+T'Y 402.53/272 = 1.48
$k¬ a7`.Y/VBe!Z7T'Wj[A*!ZhXdf/VBj9�%X>V,*!Z;V,Y�`�Ì9|8`0[AX>`0_

X>*¡j8`.T5f/*0�7Z7_ ∼ 6%
$ Z:Y+YCa7*��<ZLV,Z¹_eVBe!Y $�"%$O"!Q T'Z7_ "%$�"0�,© Xda7`:T5e0f/`Eghg;`AZkX¼j8`AX��l`0`0ZL_7T^XrT

T^Z7_WTlVªV,YP�'`Ef�c�e!*9*�_ $

r7s1�7sSRoscr G¡� �±�\�9� {½~E� � �o��� � @ � �º~E� �\�9� ;0� ��� | ��W {}|�� � =&>�>x� G ~({ � =&>½� |�{½� � { �
|��\�

∆E
@
mES

~E{SX ���?>¼� �oXN{½� ��®,=\� A > { �\� � �K¯
6p`L[0*0gC|UT5f/`0_�_7V1Y/X;f>VBj,�%XBV1*!Z7Yq*0j%XrT^V,Z7`A_¤�<V1Xda{X;a7`H[A`0ZhXdf>T'Wm[0*'Z%w`e0�9f>T^XBV1*!Z�*'M�X;a7`LY>Vy�

g¡�7W]T^X>V,*!Z§�<V1X;a?Xda%`.*!Z�� f>`0Y/*!ZUT'Z%[0`._UTtXrT�*!Z7`AYmV,Z;Xda7`2�%Zºj%W,V,Z%_7`0_ ∆E � mES Y>VBe'ZUT'WNf>`Ee'V,*!Z ©
�ba%`Ef>`mX;a7`mY/VBe!ZUT^W9[A*!ZhXdf>Vcj9�%X>V,*!ZxV,Ye`AZ9aUT'Z%[0`0_ $h¬ a7`mY>Vce!ZUT'W9T'Z7_�j7T'[?µ·e0f>*0�%Z7_)_7V,Y�Xdf>Vcj9�%X>V,*!Z7Y
T@f>`�[0*5f;f>`A[AX>`0_CV,Z�Xda%`P�'T@f>V,*5�7Y q̃2 f/`Ee!V1*!Z7Y»�7Y/V,Z9enX;a7`�Z7*0gCV,ZUT^Wº�^T'Wc�7`m*'M8Xda7`mw%X�|UT5fBT@g;`fXB`Ef/Y
�·�7*^XB`0_�V1Z¶m9`0[fX $�"9$RQ9$ Ë $b�!$ Z5YnY;a7*��<Z�V,Z¶_NVBe!Y $o"%$�"!S T^Z7_ "%$ Ë &,© X;a7`)T5e0f/`Eghg;`AZhX2j8`AX��l`0`0Z
ç�° ê7ëÆì

∆E ± mES

í½úäõ�ì/£Æî��ÆõÆí�îf¡Ùì«öÙëÆì«ì��iöÀú�¡Àì5²�ö�¡ÙìCû�úq÷��§òwú.öÙë�öÙë�ì¦íÙú.û��ÆîÞño¡Àì=û�úq÷��C¡ÙìCï�÷r³iìCõ@´cí½ìCì¬ù,úqûÆüý�ü¿��µ0¶éü�ê7ë�ì�¤«î·¡Àì»õ�ì4²���ì;õ«îií
∆E < −0.16 GeV ¸r¹ ∆E > 0.20 GeV ¸·¹ mES < 5.2675 GeV/c2

ü



p���Q

_7T^XrTLT'Z%_±TlV�V,Y«�!`Ef�c¥e!*�*9_ $óª Z´_eVBe $o"%$�"!S,© �+`�YCa7*��ºXda%`�µ'`Ac�[i�%X¦�^T5f>V,T5j7W1`0Y cos θthrust

T^Z7_ cos θ` V,ZgT'_7_%V1XBV1*!Z@XB*;X;a7`¡�%Y;�UT'W q̃2 T'Z7_�W1`0|%X>*!Z�T^Z7_v|7V1*!ZlgC*0gC`0ZhXd�,g�T'Z7_�W1`0|%X>*!Z
|8*!W,T5fmT'Z,e!W,`.V1ZHXda7`nW,T5j8*0fBT^X>*0f/c)M}f>T5g;` $%¬ a7`nZ%`i� �^T'Wc�7`.*'MyX;a7` f+(q2) Y;aUT'|8`6|UT5f>T5g;`fXB`if
*5j%XrT'V1Z7`0_@V1Z@X;a7V,Y<T^ZUT'W1c�Y/V,YP�+T'Y<Z7*'XR�7Y>`A_-X>*§g?T5µ^`nXda7`6Y>Vce!ZUT'Wo_7V,Y�Xdf>Vcj9�%X>V,*!Z $

r7s1�7sSRosyx G¡� �±�\�9� {½~E� � �o�³� � @ � �º~E� ���`� ;0� ��� | � W {}|��Å� =&>�>3� G ~({ � = >}� |�{}� � �À� �
b → u`ν

� � � �`� ;0� � ~ �`�±� > �º~ ®,=\� A > { ��� � �i¯
6p`x[A*0gC|UT5f>`A_ b → u`ν `0Z9a7T'Z7[0`A_�_7V1Y/Xdf/VBj9�9XBV,*'Z7Y�*0j%XBT'V,Z7`A_ �<VbXda-Xda7`q[0`AZkX;fBT'Wy[A*!Z%w,�

e5�9fBT^X>V,*!ZC*'M�X;a7`:Y/VBgI�7W,T^XBV1*!Z��<V1X;a;Xda%`:*!Z�� f>`AY>*!ZUT^Z7[0`._7T^XrTq*!Z7`0Y+V,Z;X;a7`:`AZhXBVBf/`¬�7Z·j7W1V,Z7_%`0_
∆E � mES w7X¦f>`ie!V,*'Z $j¬ a%`JM}fBT'[fXBV1*!Z�*'M b → u`ν `i�'`0ZhXBY6V,Zv`0Z9aUT^Z7[0`A_´jhcg*!Z7WbcgY/`0W1`0[AX>V,Z9e
X;a7`@`i�'`0ZhXBY¹�<VbXda q̃2 > 20 GeV 2/c4

$i¬ a7`-Y>Vce!ZUT'WmT'Z7_­j7T'[?µ·e0f>*0�%Z7_\_7V1Y/X;f>VBj,�%XBV1*!Z7Y�T5f/`
[A*0f;f/`0[fXB`0_­V,Z�Xda7`h�'T@f>V,*5�7Y q̃2 f>`Ee'V,*!Z7Y¨�7Y/V,Z9e-Xda7`CZ7*0gCV,Z7T'W»�^T'WB�7`)*'M+Xda7`)w7Xx|UT5fBT@g;`fXB`Ef/Y
�·�7*^XB`0_)V1Zhm9`0[fX $h"%$OQ9$ Ë $b�!$'¬ a7`Uf/`0YC�7W1X>Y�T5f>`mYCa7*��<Z;V1Z�_eVce!Y $^"%$ Ë �!$'¬ a%`5T@e0f>`A`EgC`0ZhX[j8`AX��l`0`0Z
_7T^XrT)T'Z7_lTWV¨V,Y�`�Ì9[A`0W,W1`0ZhX © |7T5f/X>V,[E�%W]T5f/W1c)M2*0f ∆E T'Z7_ mES

$

r7s1�7sSRos1z > � � |�� �Y� � � � � | =\� ~ � ��;5| ��=�� { � |����
Υ (4S)

� ���`� �

�3*q[i�%X�V,Ye[E�9fCf>`0ZhX>W1c)T'|%|7W,V1`0_JX>* p∗lepton

© Xda7`�W1`0|%X>*!Z§g;*0gC`0ZhX;�9g§V1Z�Xda7` Υ (4S) M}fBT@g;` $¸ *��+`��!`Ef © Xda7`if>`nT@f>`.[i�%XBY�*!Z;Xda7`2gCV,Z%VBgI�9g gC*0gC`0ZhXrTqV,Z?X;a7`.W,T5jj*5fBT^X>*0f/c�M}f>T5g;`:T'Y��l`0W1W
T^Y?T¶fBT^X;a7`Ef)XBVce0ahXC[E�%X;*!Z cos θ` �2Xda%`na7`AW,V1[0V1X�c�T'Z9e!W1`L*'M.Xda%`�6�
I�ba7V,[?a\T5f>`@Y�Xdf>*'Z9e!W1c
[A*0f;f/`0W,T^XB`A_sX>* p∗lepton

$ Z:Y)T¥f>`AY;�7WbX © �l`g[0T'ZsY>`A`-V1Z�_eVBe!Y $K"%$ Ë p T'Z7_ "%$ Ë " Xda7T^X)[E�%X/XBV1Z9e
*'Z p∗lepton �<V,W1W�Z7*'X«aUT(�!`�Thj7VBe;`�	j`0[AX5XB*CXda7`�jUT'[?µ·e0f>*5�7Z7_¥f>`0\/`0[fXBV,*'ZvZ7*0f3Xda7`¡X.T^XBTLE0TWV
T@e0f>`A`EgC`0ZhX $�¬ a7`:Y/`0W1`0[AX>V,*!Z��7Y>`A_HV,ZCXda7`5|9f>`���V,*0�7YlY>`ig;V1W,`0|9XB*!Z7V1[U�7ZhXrT5e5e!`0_¢gC`dT^Y;�9f/`EgC`0ZhX
jhc G~I<GJILK ' æS/0521 © p∗lepton > 0.8 GeV/c

© V,Y<V,Z7_%V,[dTtXB`0_�jhc-T�_UT'YCa7`0_gW,V1Z7`.V,ZLX;a7`nw`e0�9f/`0Y $
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�����UÊ7"%$ Ë5Ë (¢p X j7V1Z7Z7V1Z9eJ*'MyX;a7`:W,T5f;e!`if ∆E � mES |%W]T'Z7`«�7Y>`A_LM2*0f�X;a7`.[if>*!Y/Y=��[?a%`0[?µLY>Vce!ZUT'W`ÞÌ�XdfBT^[AXBV1*!Z�w7X6_7`AZ7*'XB`A_���W]T5fCe!`Ef ∆E � mES |7W]T'Z%`f��V1Z ¬ T@j7W,` "%$qp Ë $j¬ a7`)`0ZhXBVcf>`�w7X¨f/`Ee!V1*!Z[A*!ZhXrT'V1Z7Y Ë " j7V,Z%Y $

r7s1�7scv F =��?> {}| B ;Æ�\��;��w~
¬ a7`3Y>`AW1Mu��[0*0a7`if>`AZ7[0`3*'M8Xda7`R�7Z·j7W,V1Z7_7`A_�f/`0Y;�%W1XBY�aUT^Y<j8`0`AZ;X>`0Y/X>`0_h�<V1Xda§�^T5f>V1*0�7Y��·�UT'W1V1X�c

[?a%`0[?µkYgX;aUT^X-[0*!Z%Y>V,Y�XB`A_»*'M�f>`A|j`0T^XBV1Z9e�Xda7`
T'Z7T'W1c�Y>V1Y��7Y>V1Z9e��^T5f>V,T^XBV1*!Z7YH*'MqXda%`
Z%*0g;V1ZUT'W
gC`AX;a7*�_�|9f>`AY>`0ZhX>`0_\V1Z�m9`0[fX $�"%$�"%$N¬ a7`-T'ZUT'Wbc9Y/V,Y¡�+T'Y§f>`A|j`0T^XB`A_��<V1Xdas`0T'[?aa*^M3X;a7`L[E�9XBY
X>VBe0ahX>`0Z�*0f5W,*�*!Y>`AZ�*0f«f>`EgC*��!`A_ © *!Z7`�T^M�XB`if5Xda%`�*'Xda%`Ef $j¬ a7`�T'Z7T'W1c�Y>V1Y«�+T'Y6T'W1Y>*¹f/`0|8`dT^X>`0_
�<VbXda
_7V
	j`Ef/`0ZhX q̃2 *0f ∆E � mES j7V1Z7Z7V1Z9e!Y $�¬ a%`0Y>`;Z7`i� f>`0YC�7W1X>YJT@f>`CZ7*'Xq`�Ì9|8`0[AX>`0_{X>*nj8`
V1_7`0ZhX>V,[dT^WkX>*:Xda%`+Z7*0gCV,Z7T'W0�^T'WB�7`AY © j9�%XeY;a7*0�%W,_Ij8`+[A*0a7`Ef/`0ZhX»�<VbXda7V1ZqX;a7`P�7Z7[A`Ef�XrT'V1ZkX>V,`AY $ Z:W,W
X;a7`)[Ef/*!Y>Yé��[?a7`A[?µ�YJT5f>`�YC�9ghg?T5f/VB£A`0_�V,Z ¬ T5j7W1` "%$äp Ë © T'Z%_­T5f/`�V,Z7_%`0`0_�[A*0a7`Ef/`0ZhX³�<V1Xda�X;a7`
Z%*0g;V1ZUT'W·�^T'WB�7`AY $ Z©Y;�9ghg?T@f/cx*'M�Xda7`�Z7*'Z���X;f>Vc��V,T'W9[i�%X�gC*9_7VbwU[dTtXBV,*'Z7YNV1Z*�!*!WH�!`0_)V1Z�Y>*0gC`m*'M
X;a7`.[if>*!Y/Y=��[?a%`0[?µkY:V1Y�e!VH�!`0Z@V1Z ¬ T@j7W,` "9$äp ¯ $9¬ a7` ∆E � mES

p X]j7V,Z7Z%V,Z9e!Y¼�7Y>`A_-M2*5flXda%`nW]T'Y�X
M2*5�9f<[Ef>*'Y>Y=��[?a7`0[?µkYn*'M ¬ T5j%W,` "%$qp Ë T@f>`qV,W,Wc�7Y/X;fBT^X>`0_@*!Zl_eVBe!Y $�"%$ Ë0Ë X>* "9$ Ë Q�$8¬ a%`�f/`0Y;�%W1XBY3*'M
X;a7`0Y/`!�·�UT'W1V1X�c@[?a7`A[?µkYnY;a7*0�%W,_lj8`q[0*0gC|UT5f/`0_n�<VbXdag*0�9f3|9f>`AW,VBgCV,Z7T5f/c�f>`AY;�7WbX:|9f/`0Y/`0ZhXB`A_�T^Xª V ¸ � ^ ¿ &   ' æS/0-21 $ V+*!Z7Y>V1_7`Ef/V,Z9e5Xda7`UgCV,Z7*5fN_7V�	o`if>`AZ7[0`AY<j8`AX��l`0`AZ;*5�9fewUZUT^W7T'Z7_)|9f/`0W1VBgCV,ZUT5f�c
f/`0YC�7W1X>Y © VbX+V1Y�M}�%W,W1c)`ÞÌ9|j`A[AXB`A_LXdaUT^XlXda7`5_7`EgC*!Z7Y�Xdf>T^XB`A_LY>`0WbMu��[A*0a7`Ef/`0Z7[A`2a7*!W1_7YlM2*5f�X;a7`:wUZUT^W
f/`0YC�7W1X3T'YU�l`0W1W $
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Ç<ÈÂÉ�Êh"%$äp Ë ( m��9ghg?T@f/cq*'M�Xda7`�f>`0YC�7W1X>YK*'MjT'W1W�X;a7`m[Ef/*!Y>Yé��[?a7`A[?µ'`A_H|j`if/M2*0fCg;`A_�*!Z�f/`dT'W9_UT^XrT $
Z5W,W�Xda7`��·�7*^XB`0_��7Z%[0`Ef�XrT'V1ZhXBV,`AY�T5f/`.Y/XBT^XBV1Y/XBV1[dT'W8*!Z7Wbc © `�Ì9[0`A|%X<M2*0flX;a7`nZ7*0gCV,ZUT^Wo�^T'Wc�7` $9¬ a7`
f/`0YC�7W1X>YL*'M6Xda7`AY>`��·�UT'W1V1X�ca[?a7`0[?µkY-Y;a7*0�%W,_®j8`�[0*0gC|UT5f/`0_Y�<V1X;a©*0�9fH|,f>`0W1VBgCV,ZUT@f/c�f>`AY;�7WbX
|,f>`0Y/`0ZhXB`A_�T^X ª V ¸ � ^ ¿ &   ' æS/0-21 $

BF × 104 αBK Y/VBe!ZUT^Woc�V,`0W1_ j9µ·eCc�V,`AW,_
�5*0gCV,Z7T'Wk�^T'Wc�7` 1.444 ± 0.070(±0.103) 0.545 ± 0.053(±0.04)

¯ & Ë Q ¯ p   & ¯
> � � |�� �aÀ��kÁ � � ~
`0W1`0[AX;f>*!Z%Y3*'Z7W1c 1.420 ± 0.093 0.643 ± 0.055

p!Q9�   p  0  Q��
gI�7*!Z%Y3*'Z7W1c 1.397 ± 0.134 0.517 ± 0.092

p0p'&hQ p   &0�9�
G�� � |�{ �J= =\� � � � � >�> { � X �`�\�®� � � @?~({ � = >}� |�� � � Á � � |�~
*[	o��f>`AY>*!Z7T'Z7[0`qT'Y ^ X2_ 1.449 ± 0.089 0.508 ± 0.074

¯ &!"!S ¯ p Ë "'"
Z7* ~ptot·ẑ

Etot
1.428 ± 0.071 0.535 ± 0.053

¯ �D&   ¯@Ë " Ë S
Z7*C|9a7*'X>*!Z@[0*!Z*�!`if>Y/V,*!Z �!`AX>* 1.453 ± 0.071 0.527 ± 0.055

¯ ��Q5� ¯@Ë �DS!Q
Z·j-X;fBT'[?µkY ≥ "

1.447 ± 0.071 0.540 ± 0.053
¯ &   Q ¯ p!Q^&!"

Â |���� � ; = | Á,�9� { � |�{½� � ~
Z7*hjj`AY/X3[0*0�%|7W,` 1.400 ± 0.073 0.571 ± 0.052

¯ p Ë S ¯0¯0¯ �!Q
W,*�*!Y>`AZ cos θ` 1.500 ± 0.072 0.581 ± 0.049

¯5 0  �   ��p'"5�
XBVce0ahXB`0Z cos θ` 1.466 ± 0.077 0.563 ± 0.054

Ë*  ��Q Ë "  0  �
W,*�*!Y>`AZ cos θthrust 1.469 ± 0.075 0.519 ± 0.056

¯ �*p9�  0 0 *¯ S
XBVce0ahXB`0Z cos θthrust 1.507 ± 0.076 0.585 ± 0.053

Ë0Ë*  Q Ë &   �!Q
W,*�*!Y>`AZ θmiss 1.403 ± 0.070 0.502 ± 0.057

¯ p Ë �   &*p9��p
XBVce0ahXB`0Z θmiss 1.442 ± 0.073 0.561 ± 0.052

Ë·¯ � Ë Ë·¯5 5Ë5Ë
Z7* Prob(χ2) Y 1.426 ± 0.075 0.539 ± 0.056

¯ p!Q Ë   S ¯0¯ S
XBVce0ahXB`0Z Prob(χ2) Y 1.472 ± 0.072 0.524 ± 0.055

Ë S*p!Q Ë Q   p Ë
Z7* M2

miss 1.421 ± 0.073 0.556 ± 0.050
¯ Q   �  0  &!&  

W,*�*!Y>`AZ M2
miss 1.420 ± 0.076 0.563 ± 0.054

¯ "!" ¯ ¯ Q Ë �'�
XBVce0ahXB`0Z M2

miss 1.501 ± 0.075 0.556 ± 0.052
Ë·¯5  � Ë*  &hQ^&

Z7*�� J/Ψ �!`fXB*^� 1.438 ± 0.076 0.559 ± 0.053
¯ &0�%� ¯0¯ p'Q  

0.41 < θπ < 2.54 rad 1.396 ± 0.069 0.543 ± 0.054
¯ p0p   ¯ Q  5Ë·¯

0.41 < θlep < 2.54 rad 1.433 ± 0.075 0.557 ± 0.053
¯ &%��Q ¯ p!Q'"*p

Ã �9� { � |�{½� � �o��Ä\| �\�9���`� �*|�� � ~  Y>VBe'ZUT'W q̃2 j%V,Z7Y���� � j9µ·eo
 1.507 ± 0.074 0.570 ± 0.053
¯ p   " ¯ p'"hQ  

W]T5fCe!`Ef ∆E � mES |%W]T'Z7` 1.412 ± 0.069 0.537 ± 0.050
¯ "%�DS Q'& Ë p@�

Y;g;T'W,W1`Ef ∆E � mES |7W,T'Z7` 1.469 ± 0.076 0.582 ± 0.051
Ë·¯ Q   " ¯ �!S  

g;*5f>` ∆E � mES j7V,Z%Y 1.428 ± 0.071 0.516 ± 0.055
Ë ShQ'& ¯ p   S0p

W,`AY>Y ∆E � mES j7V,Z7Y 1.310 ± 0.071 0.487 ± 0.061
Ë·¯0¯ S ¯ "%�D&0p
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Ç<ÈÂÉ�Ê="9$äp ¯ ( m��,g�g;T5f/cg*'M�Xda%`�Z7*!Z��}Xdf>VH��V]T'W=[E�%X¨gC*�_7V1wU[0T^XBV1*!Z7Y5V,Z�Xda%`�[Ef>*'Y>Y=��[?a7`0[?µkY $Âª Z
X;a7`�M2*!W,W1*��<V,Z9e2f/`0W,T^XBV1*!Z7Y © q̃2 V,Y[e'Vc�!`AZ;V1Z§�7Z7V1X>Y�*'M GeV2/c4

$h¬ a7`<Z7*0gCV,ZUT'W9[E�%X>Y+T@f>`<Y;a7*��<Z
V1Z ¬ T5j%W,` "%$b�!$W1*9*'Y>`0Z cos θ` cos θ` > −0.938 + 0.0994 · q̃2 − 0.00384 · q̃4 − 0.1 T^Z7_ cos θ` < 0.95

X>VBe0ahX>`0Z cos θ` cos θ` > −0.938 + 0.0994 · q̃2 − 0.00384 · q̃4 + 0.1 T^Z7_ cos θ` < 0.75
W1*9*'Y>`0Z cos θthrust cos θthrust < 0.460 + 0.0576 · q̃2 − 0.00215 · q̃4 + 0.1
X>VBe0ahX>`0Z cos θthrust cos θthrust < 0.460 + 0.0576 · q̃2 − 0.00215 · q̃4 − 0.1
W1*9*'Y>`0Z θmiss θmiss > (0.512 − 0.0162 · q̃2 + 0.000687 · q̃4 − 0.1) rad T'Z%_ θmiss < 2.8 rad
X>VBe0ahX>`0Z θmiss θmiss > (0.512 − 0.0162 · q̃2 + 0.000687 · q̃4 + 0.1) rad T'Z%_ θmiss < 2.6 rad
W1*9*'Y>`0Z M2

miss M2
miss < (10.2 − 1.12 · q̃2 + 0.0625 · q̃4 + 2.0) GeV2/c4

X>VBe0ahX>`0Z M2
miss M2

miss < (10.2 − 1.12 · q̃2 + 0.0625 · q̃4 − 2.0) GeV2/c4

W1*9*'Y>`0Z Prob(χ2) Y Prob(χ2) Y > 0.04
YCg?T^W,W,`if ∆E � mES |7W,T'Z7` −0.8 < ∆E < 0.8 GeV T'Z7_ 5.21 < mES < 5.29 GeV/c2

W,T5f;e'`Ef ∆E � mES |7W,T'Z7` −1.2 < ∆E < 1.2 GeV T'Z7_ 5.17 < mES < 5.29 GeV/c2
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�����UÊk"9$ Ë·¯ (Ip XYj7V,Z7Z%V,Z9e.*^M8X;a7`mYCg?T'W1W,`if ∆E � mES |7W,T'Z7`P�%Y>`0_�M2*0fNXda7`�[if>*!Y/Y=��[?a%`0[?µ�Y>Vce!ZUT'W`ÞÌ�XdfBT^[AXBV1*!ZLw7X<_7`AZ7*'XB`A_L��Y;g;T'W,W1`Ef ∆E � mES |7W]T'Z%`f�nV1Z ¬ T@j7W,` "%$qp Ë $9¬ a7`6`0ZhXBVcf>`nw7Xbf/`Ee!V1*!Z[A*!ZhXrT'V1Z7Y "%� j7V,Z%Y $



p5p'S
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�����UÊ%"%$ Ë*  ( Z:WbXB`Ef/ZUT^X>` ∆E � mES

p XÅj7V1Z7Z7V1Z9e³�<VbXda�g;*0f/`bj7V,Z7Y<�7Y/`0_?M2*0f�Xda%`5[if>*!Y/Y=��[?a%`0[?µ
Y/VBe!Z7T'W5`ÞÌ�XdfBT^[AXBV1*!Z\w7XH_7`0Z7*^XB`0_\��g;*0f/` ∆E � mES j7V,Z7Y4�gV,Z ¬ T5j7W1` "%$qp Ë $l¬ a7`�`0ZhX>VBf>`gw7X
f/`Ee!V1*!Z@[0*!ZhXBT'V,Z7Y Ë Q j%V,Z7Y $
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�����UÊo"%$ Ë QJ( Z:WbXB`Ef/ZUT^X>` ∆E � mES

p X j7V1Z7Z7V1Z9e��<V1XdagW,`AY>YRj7V,Z7YR�7Y/`0_vM2*0f<Xda%`x[if>*!Y/Y=��[?a%`0[?µ
Y/VBe!Z7T'W5`ÞÌ�XdfBT^[AXBV1*!Z\w7XH_7`0Z7*^XB`0_\��g;*0f/` ∆E � mES j7V,Z7Y4�gV,Z ¬ T5j7W1` "%$qp Ë $l¬ a7`�`0ZhX>VBf>`gw7X
f/`Ee!V1*!Z@[0*!ZhXBT'V,Z7Y p^" j%V,Z7Y $



p^"!&
r7s1Å Æ =\�¤�±�9�uB

Ç<ÈÂÉ�Ê8"9$äp   ( m��9ghg;T5f/c?*'MNX;a7`¨g?T^V,Z�f>`AY;�7WbXBY $

B(B0 → π−`+ν) � (1.46 ± 0.07stat ± 0.08syst) × 10−4

αBK � 0.52 ± 0.05stat ± 0.03syst

|Vubf+(0)| � (9.6 ± 0.3stat ± 0.2syst) × 10−4

|Vub| � (4.1 ± 0.2stat ± 0.2syst
+0.6
−0.4FF

)

× 10−3

ª Z�X;a7`�|9f>`AY>`AZkXqT^ZUT'W1c�Y/V,Y © �l`�aUT(�!`�gC`dT'YC�9f>`A_�X;a7`�|UT@f/XBV,T'W B0 → π−`+ν j9f>T'Z7[?a7V1Z9e
M}f>T'[AX>V,*!Z%Y�V,Z ��p j7V1Z7Y)*'M q2 �7Y>V1Z9e
T�W1*9*'Y>`LZ7`i�%Xdf/V,Z7*¶f>`A[0*!Z%Y/XdfC�7[AX>V,*!ZsXB`A[?a7Z7V
�º�%` $ _`f>*0g
X;a7`0Y/`±gC`dT'YC�9f>`ig;`AZhX © �+`p*0j%XBT'V,Z7`A_ªX;a7`´g;*!Y�X-|9f>`A[0V,Y/`�gC`dT^Y;�9f/`EgC`0ZhXgX>*\_UTtXB`�*'M�X;a7`
B(B0 → π−`+ν) T'Z7_ |Vubf+(0)| © T'Yh�+`AW,W3T'Y?Tp_7`fXrT'V1W,`0_�_7`AY>[Ef/V,|%X>V,*!Za*'M.X;a7` f+(q2)

YCaUT'|8` $i¬ a7V1Y�Y;aUT^|j`@[dT^Z�j8`L[0*0gC|UT5f/`0_��<V1X;a��'T@f>V,*5�7Y�Xda7`A*0f>`fXBV1[dT'Wm|,f>`0_%V,[AX>V,*!Z%Y�T'Z7_ © V1Z
|7T5f/X>V,[E�%W]T5f © Y;a7*��<Y=XdaUT^XyX;a7` ª m9²76 p g;*�_7`0Wh[0T'Z¡j8`<f;�7W1`0_q*0�%X $ ¿ �9f�f>`AY;�7WbXBYNT5f>`�|9f/`0Y>`AZhXB`0_
V1Zx_%`AXrT^V,W,Y�V1ZIm�`0[AX $t"%$RQ�$ Ë $ 6p`�Y;�9ghg?T@f>VB£A`KXda7`ig�V,Z ¬ T@j7W,` "%$qp   V,Z¨�ba7V,[?aqXda7`��·�7*'XB`A_¡�^T'WB�%`
*^M |Vub| aUT^YRj8`0`AZg`ÞÌ�XdfBT^[AXB`A_gM}f/*0gÇT�f>`A[0`AZkX5[dT^W,[E�%W]T^X>V,*!ZH*^MNX;a7`nM2*0f;g�M~T^[AXB*5f ' å*)21 $¬ a7`[�^T'Wc�7`0YyT'Z%_³�%Z7[0`if/XrT^V,ZhXBV1`0Y�V,Z ¬ T5j7W1` "%$b�DS XB*0e'`AXda%`Ef7�<V1X;anXda7`i[A*0f;f/`0W]TtXBV,*'Z2g?TtXdf>V1[0`AY
*^M3X;a7`LY/XBT^XBV1Y/X>V,[dT^W+T'Z%_�Y�c�Y/XB`ig?TtXBV,[¹�7Z7[0`if/XBT'V,ZhXBV1`0Y�|9f/`0Y/`0ZhXB`A_aV1Z ¬ T5j%W,`0Y "%$äp^& T'Z7_ "%$qp9�
T^W,W,*��<Y)Xda7`v|9f>`AY>`0ZhXL_7T^XrTpX>*¤j8`vY/X;�7_7V1`0_Y�<V1X;au_7V�	o`if>`0ZhX f+(q2) |UT5f>T5g;`fXdf/VB£dTtXBV,*'Z7Y)*0f
[A*0gC|UT5f>`A_��<V1Xda�_7V�	o`if>`0ZhX %¨VPXÈ[0T'W,[i�7W]TtXBV,*'Z7Y $N¬ a7`Ac�T'W1Y>*
T'W1W,*��¼Xda7` �7Y>`@*'M:*0�9f�_UTtXrT
V1ZsV,Z7_7`A|j`AZ7_7`AZkX?T'ZUT^W1c�Y>`AY)X;aUT^Xhg;TDc­W,`0T'_�X>*�VBgC|9f>*��!`A_��^T'Wc�7`0Y�*^M |Vub|

$[ª Z7_7`0`A_ © Xda7V1Y
a7T'Y:T^WBf>`0T'_%c¹jj`A`0Zv_%*!Z7`³jkc ^=$ ÃmT'W,WoV,ZD33`fM $ ' å4�21 T'Z%_njhcD�[jj`if/X © _�T5�%Y/XB*��-T'Z%_W²6T'WBµkV1Z-V1Z
3<`AM $ ' -*8�1 © �7Y>V1Z9e)*0�9f<|9f/`0W,Vcg;V1ZUT5f�c§f>`0YC�7W1X>Y<|9f>`AY>`0ZhX>`0_�T^X ª V ¸ � ^ ¿ &   ' æS/0-21 $¬ a7`�YC�7[0[A`0Y�M}�7WU_7`i�'`0W1*!|9gC`0ZhX�*'M�Xda7`+W,*�*!Y>`lZ7`E�%X;f>V1Z7*¦f>`A[0*!Z7Y�XdfC�7[AX>V,*!Z�X>`0[?a7Z7V
�·�7`�Y;a7*��<Y
X;aUT^XeV1XKV1YeZ7*^XiT'WH�mTdc�YKZ7`A[0`0Y/YBT5f�c�XB*¬aUT(�!`��'`Ef/cJ|9�9f/`mY>Vce!ZUT'W�YBT5gC|7W1`0YNX>*.[0*'ZkX;f>*!W�Xda7`+Y/c�Y/X>`��
g;T^X>V,[2�7Z%[0`Ef�XrT'V1ZhXBV,`AY $`ª Z@Xda7V1Y<T'ZUT'Wbc�Y>V,Y © Xda7`¨ehT^V,ZLV,Z@Y�XrT^X>V,Y/X>V,[0T'W#|9f/`0[0V1Y>V1*!Z�aUT'Y<*��!`Ef/[0*0gC`
X;a7`)Z7`Ee!T^XBVH�!`�M2`dT^X;�9f>`AY6*'M+W,T5f;e'`IjUT'[?µ·e0f/*0�7Z7_7Y $y¬ a7V,Y6Y;�,e0e!`0Y�XBY6XdaUTtXnXda7`)W,*�*!Y/`�Z7`E�9Xdf>V1Z7*
f/`0[A*!Z7Y/X;f;�7[fXBV1*!ZaX>`0[?a7Z7V
�·�7`v[A*0�7W,_�jj` �7Y/`0_©T'_��'T^ZkXBT5e!`A*0�7Y>WbcsV,ZsM}�%Xd�,f>` g;`0T'Y;�9f/`EgC`0ZhXBY ©
|8*!Y/Y>VBj%W1c?X;a7*!Y/`q*^Me*'X;a7`Ef<`ÞÌ%[AWB�7Y/Vc�'` B → Xu`ν _7`A[dTdc�Y $
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r7sSRkÉws�R G¡� �9� Xo� � E ��� ;t�7~CÌ<{½~i|�~
¬ a7`5|9f>Vcg?T@f/c�[?aUT@f;e!`A_?Xdf>T'[?µkYmW,V1Y/X�V,YxÍNÎ%Ï'ÐÒÑ�Ó>ÔjÕ7Ð/Ï�Ör×DØb�ba7V1[?aH[0*0fCf>`AY>|8*!Z7_7Y�XB*�T^W,WU[dT^Z��

_%V,_UT^X>`0YI�<VbXdasZ7*!Z�� £0`if>*�[?aUT5fCe!` © |%V,*!Z�g;T'Y>Y�ahc�|j*^Xda7`AY>V,YCT'Y/Y>Vce!Z7`0_ $ Z:Y)W,V1Y/X>`0_�V,Z ¬ T5j7W1`"9$äp!Qº© *'X;a7`Ef�W1V,Y/X>Y ©eÙ5ÚDÚ ÔjÕ7Ð/Ï�Ör×DØ%Û8ÓfÐ·Ü�Ý ÚDÚ ØDÓ]�À² ¬ ��#&
mT'Z7_ Ù5ÚDÚ ÔjÕ%Ð>Ï�Ör×DØrÝ ÚDÚ ØDÓ]�À² ¬ #&
 © T5f/`
YC�9j7Y/`AXBY5*'M=Xda7V1Y�W,V,Y�X © jUT'Y>`A_g*'Z-X;a7`nM2*!W,W1*��<V1Z9e�Y/`0W,`A[AX>V,*!Z@[Ef/V1X>`Ef>V,T  ( g?TÆÌ9VcgI�9gÞ_%V,Y/XBT'Z7[A`v*'M:[0W,*'Y>`0Y�XLT'|%|9f>*hT^[?aaXB*
Xda7` j8`dT5gßY/|j*'X;[0`AZhXB`Ef;V,Z�Xda7`�Ì�c

_7VBf/`0[AX>V,*!Z � DOCAxy 
( g?TÆÌ9VcgI�9g�_7V,Y�XrT'Z%[0`�*'M�[0W1*!Y>`AY/X6T^|7|9f>*!T'[?a�XB*HXda%`�jj`0T5gàY/|j*'X.[0`0ZhX>`Ef6V,Z�X;a7`I£�_7Vy�
f>`0[fXBV1*!Z � DOCAz 
( g?TÆÌ9VcgI�9gÍg;*0gC`0ZhX;�9g�V1ZD#wZ¬Ã©M}f>T5gC` � pLAB 
( g;V1Z7VBgI�,g¼X;fBT'Z%YC�!`if>Y/`¡gC*0g;`AZhXd�9g � pt 
( g;V1Z7VBgI�,gáZ·�9g¡jj`if3*^M»X¦V ¸ a7VbXBY(� #DCH 


V�f/V1X>`Ef>V,T ² ¬ ��# ² ¬ #
DOCAxy g?T�Ì $ �~[ig 
 �!$ ¯ �!$ ¯
DOCAz g?T�Ì $ �~[ig 
 �D& �d&
pLAB g;TÆÌ $ � GeV/c 
 �d& �D&
pt g;V1Z $ � GeV/c 
 Z7*!Z7` &%$b�
#DCH gCV,Z $ Z7*'Z7` ��p

Ç¼È�ÉÂÊ8"%$qp!Q6( mº�9j7Y>`fX3W,V,Y�XBY�*'M=Xda%`gÍNÎ%Ï'ÐÒÑ�Ó>ÔjÕ%Ð>Ï�Ör×DØ.W,V1Y/X

r7sSRkÉwsBv ân� = | � { � � � ��;0� � ~�| ��= ;5|�{}� � � � =�� @ Á ��;5|�� � ~
¬ a9f/`0`³jUT'Y/V,[.M2*0�9fé� �'`0[AX>*0f>Y5T5f/`n*'M�XB`AZn�7Y/`0_@Xda9f/*0�9e0a%*0�%X<Xda7V1Y�_7*�[E�9gC`0ZhX $(
s V1Y5X;a7`JM2*0�9fé��gC*0gC`0ZhXd�9gãYC�9gÈ*'MiXda7`J[0*!W1W,V,_%V,Z9e e+ T'Z7_ e− jj`0T5g;Y © T^Y.|9f>*���V,_%`0_
jkc ^ � ^ � ªCª�ä(
Ptot V,Y.Xda%`�M2*0�9f=� g;*5g;`AZkX;�9g�Y;�9gà*'MlT'W,W�f>`0[A*!Z7Y�Xdf;�%[AXB`A_�² ¬ ��#�Xdf>T'[?µkYxT^Z7_�VmTÆ�
W,*0f>�5`E�9XdfBT^Wój9�9gC|7Y © V1XBY�`AZ7`EfCe'c@[0*5g;|8*!Z7`AZkX<V1YUf>`fM2`Ef;f/`0_-XB*CT'Y Etot

ä
(
Pmiss V,YyXda%`�gCV,Y>Y/V,Z9ebgC*0gC`0ZhXd�9gåM2*5�9f=�À�!`0[fXB*0f © _%`AwUZ7`A_)T'Y Pmiss ≡ (~pmiss, |~pmiss|)



p^"*p

�<V1Xda ~pmiss = ~s− ~ptot

$ Ã�cHY>`fX>X>V,Z9e�X;a7` Pmiss `0Z7`if;e'c;XB* |~pmiss|
©
Pmiss V1YPg;T'Y>Y/W,`0Y/Y

jkcH[0*!Z7Y�XdfC�7[AX>V,*!Z $U¬ a%V,YUgC`AXda%*9_�e!VH�!`0Y3T�gC*0f>`6T'[A[E�9f>T^XB`6`AY/XBVcg?TtXBV,*'ZH*'M=Xda7`6Y>Vce!ZUT'W
Z7`E�%X;f>V1Z7*�M2*0�9f=�À�!`A[AXB*5f<X;aUT'Z�jhc@Y>`fX>XBV1Z9e Emiss = senergy − Etot

$
¬ *Wf>`A[0*!Z%Y/XdfC�7[AX Ptot T'Z%_pXda%`?*'X;a7`EfqM}�7W,Wy��`i�'`0ZhX(�º�7T'ZhXBV1X>V,`AY © �+`��7Y>`?X;a7`�VmT^W,*0f>�5`E�º�

X;fBT'WoY>`0W1`0[fXBV,*'Zg*'M �<TWVÅj9�,g;|7Y�V1Z7Y/X>`dT'_-*'M�g;*5f>`nY/X;f>V1Z9e!`0ZhX3Y>`AW,`A[AXBV1*!Z7Ybj8`0[dT@�7Y>`q*0�9fRTWV
Y�Xd�7_%V,`0Y�YCa7*��«X;aUT^X�VbXmc�V,`0W1_7YPgC*0f>`:|9f>`A[0V,Y/`¦g;`0T'Y;�,f>`EgC`0ZhX>Y3*^M=X;a7` B(B0 → π−`+ν) T'Z7_
f+(q2) Y;a7T'|j`�|7T5fBT5gC`AX>`Ef/Y $ 6¨V1X;a�Y/X;f>V,Z,e!`0ZhXY�<TWV�Y/`0W,`A[AX>V,*!Z7Y �2` $ e $�æJç ÏIÃ�Z¬X �'�!�!� 
 © XB*�*
g¡�7[?aWf>`0T'Wy|9a7*'X>*!Z7Y:T5f>`�f>`*\/`A[AX>`0_ © �ba7V,[?alf>`0YC�7W1X>Y:V1Z�T'_7_%V1XBV1*!ZUT'Wóg;V1Y>Y>V1Z9eC`0Z7`if;e'c@Xda7T^X:V1Y
Z%*'X<[0*0gCV,Z,e�M}f>*0g�X;a7`6Y>Vce!ZUT'W#Z%`E�%X;f>V,Z%* $7¬ a7`6[0*'Z7Y>`��º�%`0Z7[A`0Y.*'MÂ�7Y>V1Z9e�XBVce0ahX³�<TWVÅj9�9gC|
Y/`0W1`0[AX>V,*!Z%YHT5f/`vXda·�7Y?X;aUT^XHX;a7` ∆E T^Z7_ mES YCaUT'|8`�_7V�	o`if>`0Z%[0`0Y�j8`AX��l`0`AZ¨Y>VBe'ZUT'W5T'Z7_
j7T'[?µ·e0f>*0�%Z7_vT@f>`.W1`0Y>Y�YCaUT5f/|gT^Z7_LXda7`nY/`0|UT5f>T^XBV1*!ZL*'MyXda%`nY>VBe'ZUT'WjM}f/*0g¼Xda7`¦jUT^[?µºe5f>*0�7Z%_-V1Y
�l*0f/Y>`0Z $

r7sSRkÉwsBr E�� �Æ� { � � > �QX B �o�«~E� � { > � � |(� � {S; � ��; �LB ~
¬ a7`.M2*'W,W,*��<V1Z9exX>`Ef;gCV,Z%*!W,*0e^c)V,Y��%Y>`0_@Xda,f>*0�9e5a7*0�%XlXda7V1Ym_7*�[E�9gC`0ZhX�XB*J_7`0Y/[Ef>Vcjj` B0 →

π−`+ν _%`0[dTdc�Y $(
Y f>`0|,f>`0Y/`0ZhXBYlT.wU[AX>Vc�'`�|UT5f/X>V,[AW,`¼�ba%*!Y>`�M2*0�9fé��gC*0gC`0ZhXrT:V1YKXda7`P�'`0[fXB*0f/V]T'W7YC�9gº*^MjX;a7`
|7V,*!Z�T^Z7_pW1`0|%X>*!Z�M2*0�9fé��gC*0g;`AZhXrT  PY = Pπ + P`

© Y>*@XdaUTtX B0 → π−`+ν [0*0�%W,_
jj`¦�bf>VbX>X>`0Z-T'Y B0 → Y ν

ä
(
q2 gC`dT^Z7Y+`AV1Xda%`EflX;a7`5X;f;�7` q2 V1Z?VbXBYlX;a7`0*5f>`AX>V,[0T'WjY/`0Z7Y/`.*0f�Xda7`.`ÞÌ9|j`if>VBgC`0ZhXBT'Wo�7Z%M2*!Wy�
_7`0_ q2 �ba7V1[?agV1Y�V,Z@|9f>V1Z7[0V1|7W,`:` �·�7Vc�^T'W1`0ZhX�XB*�X;a7`nXdf;�%` q2 ä

(
q̃2 gC`dT'Z7YLX;a7`�f/`0[A*!Z7Y/X;f;�7[fXB`A_ q2 $Uª Xg_7V�	o`if>YLM}f>*0g Xda7`�XdfC�7`­T^Z7_ �7Z9M2*!W,_7`A_ q2

jj`A[dT5�7Y/`x*^Me`ÞÌ%|8`Ef/VBgC`0ZhXrT^W7�7Z7[A`Ef/XBT'V,ZhX>V,`0Y $ª Z?T'_7_7VbXBV,*'Z © Xda%`3Y�cºgIjj*'W,Y Xu T'Z7_ Xc T5f/`R�%Y>`0_;XB*³f>`0|,f>`0Y/`0ZhXm*'Z7`5*5f�Y/`i�'`EfBT^Wj[?aUT@f;g��
W1`0Y/Y3*5f�[?aUT5f;gC`0_ gC`0Y>*'Z��~Y�
 © f>`AY>|8`0[fXBVc�'`0Wbc $

r7sSRQR Ê �\� � ��� {CU�Ë Â � |�{ � {2è � |�{}� � �o�b|����gÄ\| �\�9���`� �*|�� � ~
¬ a7`�Z7*5g;V1ZUT'W'Y/VBe!Z7T'W'`ÞÌ9X;fBT'[fXBV1*!Znw7Xy|UT5f>T5g;`fXB`if>Yw�7Y/`0_qV,ZnXda7` � � ��� Ë *'M�Xda7V1Y�_7*9[i�9gC`0ZhX

�l`Ef/`  



p^"!"
( M2*0�9f.[0T^XB`ie!*0f>V1`0Yn*'M�`��!`0ZhX>Y  B0 → π−`+ν Y>Vce!ZUT'WiT^Z7_ b → u`ν

© *'Xda%`Ef BB T'Z%_
[0*!ZhXBV1Z·�9�9g jUT^[?µºe5f>*0�7Z%_7Y ä(��!� j7V,Z7Yi*^M q̃2 V1Z��ba7V,[?a)Xda7`�Y/VBe!Z7T'W7Y>[0T'W,`�M~T'[fXB*0f/Y�T5f>`�w7X/XB`A_;V1Z7_7`0|8`0Z%_7`0ZhXBWbc�j9�%X�X;a7`
jUT'[?µ·e0f>*5�7Z7_7Yi¿7Y>[0T'W,V1Z9eJM~T'[fXB*0f/YmT5f/`.[0*!Z%Y/Xdf>T'V,Z%`0_HXB*¡jj`:X;a7`nYBT@g;` © M2*0f+TJXB*'XBT'W8*'M � Ë
M}f>`0`6|UT@fBT5gC`AX>`Ef>Y ä( �<V,_%X;a-*^MNX;a7` �D& w`f>Y�X«j%V,Z7Y  2.376 GeV 2/c4

ä
( �<V,_%X;a-*^MNX;a7`6W]T'Y�Xbj7V,Z  2.64 GeV 2/c4

$
m�XBT5f/X>V,Z9exM}f>*0g¼Xda7`AY>`6|UT5f>T5gC`AXB`if>Y ��Xda7`if>`0T^M�XB`ifUf>`AM2`if>`A_@X>*)T'Yl�4Y�XrT'Z%_UT5f>_º��Y>Vce �!� � �7W,Z &%� �

j,j &%� ��[0*!Z &9� �9
 © �l`6*!|%XBVcg;Vc£0`A_;Xda%`nZº�,gIjj`if�*'M q̃2 j7V1Z7Y�T'Z%_@X;a7`nZ·�9gIj8`Ef�*'M=V1Z7_7`0|8`0Z%_7`0ZhX
Y/[dT'W1V,Z9e.M~T^[AXB*5f>YKM2*0fKX;a7`bjUT'[?µ·e0f>*5�7Z7_7Y $ 6­`3T'W1Y>*.Xdf/V,`A_C_%V
	j`Ef>`AZhX q̃2 j7V,Z%Z7V,Z9e'YKV,Z��ba7V1[?aCX;a7`
�<V1_%Xda­*'MmXda%`?W]T^Y/X�j7V,Z{V1Y�gC*�_7V1wU`A_ $ 6­`;[0*!Z%Y>`Ef=�!`A_sX;a7`HY>T5g;`)M2*0�9fx[dT^X>`Ee!*5f>V,`AYJ`��!`0ZhX>Y $¬ a%`q`AZhXBVBf/`6Y/Xd�%_%c��mT^Y3_%*!Z7`¨�7Y>V1Z9e)Y>VcgI�7W]TtXB`0_@_UTtXrT�*!Z7Wbc $

6p`?*!Z%W1c�[0*'Z7Y>V1_7`Ef/`0_­X;a7`?_7*5g;V1ZUT'ZhX6Y>*0�,f>[0`AY�*'MU�%Z7[0`if/XrT^V,ZhX�c�M2*0fqX;a7`?*'|%XBVcg;Vc£dT^X>V,*!Z
|,f>*�[0`0Y/Y $K¬ a%`0Y>`��7Z%[0`Ef�XrT'V1ZhXBV,`AY�T5f/`  eY�XrT^X>V,Y/X>V,[0T'W © B → ρ`ν Z � T'Z7_�Z p M2*0f;géM~T'[fXB*0f/Y ©
b → u`ν ÃP_ © D → KL X ÃP_ © q̃2 Y>|8`0[fXdfC�9gê*'M�Xda7`�[A*!ZhXBV1Zº�,�9g © T'Y2�+`AW,WiT^Y.XdfBT^[?µ�V1Z9e
T^Z7_ �<TWVª`fë;[AV,`AZ7[0V1`0Y�V,ZHX;a7`.M}�7W1WH��`��!`AZkXPf>`0[A*!Z7Y�Xdf;�%[AXBV1*!Z $9¬ a7`6[0*!ZhXBV1Z·�9�9gìc�V1`0W,_HT'Z7_@Y>Vy�
e'ZUT'WjM2*5f;g¼M~T'[AX>*0fmY/c�Y�XB`Eg;T^X>V,[2�7Z%[0`Ef�XrT'V1ZhXBV,`AYP�+`if>`6T'W1Y>*�[A*!Z7Y/V,_7`if>`0_-`i�'`0Z@V1MyX;a7`AcHT5f>`.Z%*'X
_%*0g;V1ZUT'ZhX $�¬ *v`0T'Y>`CXda7`C*!|%X>VBgCVB£0T^XBV1*!Z�|9f/*9[A`0Y>Y © *!Z%W1c ¯ & _7V
	j`Ef/`0ZhXxYBT5gC|7W,`AY³�l`Ef/`¹�7Y/`0_
X>*@`0Y/X>VBg;T^XB`xXda7` b → u`ν ÃP_ © D → KL X Ã�_ªT^Z7_ q̃2 Y>|8`0[fXdf;�,gê*'M�Xda7`�[A*!ZhXBV,Z·�9�,g
Y�c�Y/XB`ig?TtXBV,[¬�7Z7[0`if/XBT'V,ZhXBV1`0Y $9¬ a7` B → ρ`ν T'Z7_LY/VBe!ZUT^W�M2*5f;g¼M~T'[AX>*0fmT'Y<�+`AW,WoT'Y+Xda%`.[0*!ZhX>VH�
Z·�9�,gìc�V,`AW,_¢�7Z%[0`Ef�XrT'V1ZhXBV,`AY¼�l`Ef/`n`0Y/X>VBg;T^XB`A_��7Y>V1Z9e�*!Z%W1cC*!Z7`.Y>T5gC|7W,`R�ba7`Ef/`.Xda7`2f/`0W1`i�^T'ZhX
|7T5fBT5gC`AX>`Ef5V,Y«�^T5f/V,`A_ljhcv*'Z7`�Y>Vce0g;T $�¬ a7`�Y/XBT^XBV1Y/X>V,[dT^W\�%Z7[0`if/XrT^V,ZhX�cn�+T'Yn`AY/XBVcg?TtXB`0_-M}f>*0g¯ & Y�XrT^X>V,Y�XBV,[0T'W,WbcCV,Z7_7`A|j`AZ7_7`AZkX ¬ ¿�í _UTtXrT)T'Z7_lTWVªY>T5gC|7W,`AY $

6p`m*!|%X>VBgCVB£A`0_xX;a7`mY/VBe!ZUT^W�`ÞÌ�XdfBTtXBV,*'ZJw7Xi|UT@fBT5gC`AX>`Ef>Y�jUT'Y/`0_)*!ZJX;a7`bTWV{`0Y�XBVcg?T^X>V,*!Zq*'M
X;a7`lX>*'XrT^W B(B0 → π−`+ν) �%Z7[0`if/XrT^V,ZhXBV1`0Y $Æª ZIe!`AZ7`Ef>T'W © VbX��+T'YeM2*0�%Z7_JXda7T^XNX;a7` f+(q2) |UT��
f>T5gC`AXB`if>Yi¿5�7Z7[A`Ef�XrT'V1ZkX>V,`AYKT5f/`mZ7*'X»�'`Ef�c�Y>`AZ7Y>VbXBVH�!`+X>*.Xda7`mY/VBe!Z7T'W9`ÞÌ�XdfBT^[AXBV1*!ZJw7XK|UT5fBT@g;`fXB`Ef/Y
T^Z7_-X;a·�7YU�+`if>`qZ7*'Xb�7Y/`0_gM2*5fmXda7`6*!|%X>VBgCVB£0T^XBV1*!Z $

Z5YHTpw`f/Y/X?Y/XB`A| © �+`WgC`EfCe!`0_�Xda7`g*0f>Vce!V,Z7T'WPj7V1Z7YLî �D& T'Z7_¨î �!� V,ZhXB*­TpY>V1Z9e!W1`nj7V1Z
[A*0f;f/`0Y/|j*!Z%_7V,Z9e
XB* 21.384 GeV 2/c4 < q̃2 < 26.4 GeV 2/c4

$ 6­`g*0j7Y>`ifC�'`0_uXda7T^X?X;a7`
�%Z7[0`if/XrT^V,ZhXBV1`0Y�*!ZLXda%`.XB*'XBT'W#Y>Vce!ZUT'W8c�V,`0W1_ © X;a7`nXB*'XBT'WoY/VBe!Z7T'WwÃP_�T'Z%_-X;a7` f+(q2) |UT5fBT@g;`Þ�



p^" Ë

X>`Ef αBK T5f>`LT^W,W�Y>W,Vce0ahXBWbc�f/`0_9�%[0`0_��<V1X;a{Xda7V1Y�[0*'Z%w`e0�9f>T^XBV1*!Z���Xda7`if>`dTtM�XB`Ef�f/`AM2`if>`0_�X>*�T'Y
�=m9VBe*TvTÆÌ S!& ��Y>VBe �D& ���%W,Z &%� ��j9j &9� ��[A*!Z &%� �*
 $k¬ a7V1Y:[dT^Z¥jj`xY>`0`AZ�M2*0f3X;a7`�ÃP_aV,ZgX;a7`Jw`f/Y/X5X��+*
W1V,Z7`AY:*'M ¬ T5j7W1` "%$qp5�%$k¸ `AZ7[0` © �+`�Y�XrT5f�XB`A_�M}f>*0g�Xda7`�m9VBe·TgTÆÌ S!& ��Y/VBe �d& ���7W1Z &%� � j9j &%� ��[0*'Z &%�
[A*!Z%w`e5�9fBT^X>V,*!ZLM2*0fmX;a7`nZ7`ÞÌ9X5*!|%X>VBgCVB£0T^XBV1*!Z?Y�XB`0| $

_U*0f#X;a7`�Y>`0[A*!Z7_qY/X>`0|q*'M9X;a7`�*!|%X>VBgCVB£dTtXBV,*'Z © �+`�µ'`A|%X=Xda7`�Z·�9gIj8`Ef�*'M9Y>Vce!ZUT'W'|UT5fBT@g;`fXB`Ef/Y
[A*!Z7Y�XrT'ZhX © T'Z%_ �^T5f/V,`0_LX;a7`xZ·�9g¡jj`if3*^MK|UT5f>T5gC`AXB`if>Y�M2*0f�`0T'[?aljUT^[?µºe5f>*0�7Z%_v[dTtXB`Ee'*0f/c © *'Z7`
TtX-X;a7`�XBVBgC` $+¬ a7`�f/`0YC�7W1X>YgT@f>`
V,W,Wc�7Y/X;fBT^X>`0_©V1Z¨X;a7`
Y>`0[A*!Z7_ © Xda%VBf>_ªT'Z%_»M2*0�9f�Xda j7W,*�[?µkY
*^M ¬ T5j7W,` "%$qp5�%$[ª Z\T'W,W�[0T'Y>`AY © �+`@M2*0�7Z%_aXda7T^XCV,Z7[if>`dT^Y>V,Z,e
X;a7`gZ·�9g¡jj`if;*'M¬jUT'[?µ·e0f/*0�7Z7_
|7T5fBT5gC`AX>`Ef/Y)T'W,Y/*�V,Z7[if>`dT^Y>`0_sXda%`-Y�XrT^X>V,Y�XBV,[0T'W��%Z7[0`if/XrT^V,ZhX�c�*'M3Xda7`LY/VBe!Z7T'W $ ¿ Z�X;a7`@*'Xda7`if
a7T'Z7_ © V,Z7[if>`dT^Y>V,Z,e;Xda%`�Z·�9gIj8`Ef.*'M b → u`ν T^Z7_�*'Xda%`Ef BB |UT5f>T5g;`fXB`if>Y:_%`0[Ef/`dT'Y/`0_�Xda7`
Y�c�Y/XB`ig?TtXBV,[��%Z7[0`if/XrT^V,ZhX�c $[ª Z7[if>`0T'Y>V1Z9e�Xda7`@Z·�9gIj8`Ef�*'M5[0*'ZkX>V,Z·�9�9gÞ|UT5fBT@g;`fXB`Ef/Y�_7V,_�Z%*'X
Y/`0`igÇXB*§jj`6*'MeT'Zhc�j8`0Z7`fw7X $`ª Z7[if>`0T'Y>V1Z9eCX;a7`6Z·�9gIj8`Ef<*'M b → u`ν |UT5f>T5g;`fXB`if>YmM}f>*5gÇ*!Z7`
X>*-X��l* �2Xda,f>`0`}
¨f/`0_9�%[0`0YqXda7` B → ρ`ν M2*0fCgàM~T'[fXB*0f/YqY�c�Y/XB`ig?TtXBV,[§�7Z%[0`Ef�XrT'V1ZhX�c¶jkc   & °
� Q'& ° 
mT'Z7_LX;a7` b→ u`ν ÃP_�Y/c�Y�XB`Eg;T^X>V,[¨�7Z7[A`Ef/XBT'V,ZhX�c�jhc "'& ° � Ë & ° 
 $U¬ a7`6Y�c9Y�XB`ig?T^X>V,[
�%Z7[0`if/XrT^V,ZhX�cWf/`0_9�7[fXBV1*!Z�Xda7`AZ¶e!`AX>Y:XB*@TH|7W,T^XB`0T5�vX;aUT^XnV1Y.[0*0gC|8`0Z7Y>T^XB`A_¥jkcgXda7`�V1Z7[Ef/`dT'Y/`
V1Z\Y�XrT^X>V,Y/X>V,[0T'WU�7Z7[A`Ef/XBT'V,ZhX�c $ 6p`v_7`A[0V,_%`0_\X>*¤�7Y>`-Xda9f/`0` b → u`ν |UT@fBT5gC`AX>`Ef>Y)M2*0fCXda7`
Z%*0g;V1ZUT'W�w7X $�ª Z7[Ef/`dT'Y/V,Z9e�X;a7`LZ·�9gIj8`Ef�*'M<*'X;a7`Ef BB |UT5fBT@g;`fXB`Ef/YIaUT'Y)T�YCg?T^W,W,`ifx`�	o`A[AX
*'ZWjj*^XdavY�c�Y/XB`ig?TtXBV,[JT'Z7_�Y�XrT^X>V,Y�XBV,[0T'W��7Z7[A`Ef/XBT'V,ZhX>V,`0Y $j¬ a%` D → KL X ÃP_��7Z%[0`Ef�XrT'V1ZhX�c
V1Y¬f/`0_9�7[A`0_�*!ZvX;a7`�Y/VBe!ZUT^Wyc�V1`0W,_%Y © j9�%XnZ7*^X:Xda%`�ÃP_{��Xda7V1Y¬�7Z7[A`Ef�XrT'V1ZkX�cgV,Y5_7*0gCV,ZUTtXB`0_njhc
X;a7`.Y/VBe!ZUT^Wj`fë;[AV,`AZ7[Ac4
 $ V�a7*9*'Y>V,Z,eJXda7`:Zº�,gIjj`ifm*'My*'X;a7`Ef BB |UT5f>T5gC`AXB`if>Y�Xda7`AZ j8`0[A*0gC`0Y
T�Xdf>T'_7`Þ��*[	®j8`AX��l`0`AZ®f>`AW1c�V,Z9e¶gC*0f>`L*'Z�X;a7`WTlVìY>VcgI�7W]TtXBV,*'Z{*0f)_7`dT^W,V,Z,e¶�<VbXdaaT´gC*0f/`
[A*0gC|7W,`ÞÌHw7X $ 6­`6_7`A[0V,_%`0_@XB*§�7Y>`nM2*0�,f3*^Xda7`if BB |UT5fBT@g;`fXB`Ef/Y�M2*0fmXda7`nZ%*0g;V1ZUT'W8w7X $

_U*0f�Xda%`lXda%VBf>_q*!|%X>VBgCVB£0T^XBV1*!Z.Y/X>`0| © �l`¼�^T5f>V1`0_6Xda7`lZ·�9gIj8`Ef=*'M q̃2 j7V1Z7YeT^Z7_JY/VBe!ZUT^Wh|UT5fBT��
gC`AX>`Ef/YV� �ba7V,[?aCT5f/`<` �·�UT'W�
NM}f>*0g ¯ X>* � ¯ © �ba7V1W,`+X;a7`<Z·�9gIj8`Ef�*'MkjUT'[?µ·e0f>*5�7Z7_C|UT5fBT@g;`fXB`Ef/Y
�+T'Ybµ'`A|%X3w,Ì9`0_@XB*�Xda7`AVBfP�^T'Wc�7`0Y�_7`fXB`if;gCV,Z7`A_g|9f/`i��V,*5�7Y>Wbc $7¬ a7`¨f/`0Y;�%W1XBY3T5f/`nV,W1WB�7Y�XdfBTtXB`0_LV1Z
X;a7`iw7M�Xda³j7W1*9[?µ5*'M ¬ T5j7W1` "%$äp@�%$ 6p`�M2*5�7Z7_6XdaUT^XyX;a7`iXB*'XBT'W*ÃP_��7Z7[A`Ef�XrT'V1ZkX>V,`AY=*5j%XrT'V1Z7`0_¦�<VbXda
`AV1X;a7`Ef�Z·�9gIj8`Ef<*'M=|UT@fBT5gC`AX>`Ef>Y3T5f/`n`0Y/Y>`0ZhX>V]T'W1W1c?X;a7`nYBT@g;` $U¬ a7V,Y�[A*!Z7[0Wc�7Y>V1*!Z-T'W,Y/*)T'|7|7W1V,`AY
X>*�Xda7` f+(q2) Y;aUT'|8`6|UT5f>T5g;`fXB`if>Y $,ª Z-X;a7`6V,Z7_7VH��V,_9�UT^Wkj7V1Z7Y © X;a7`6Y/XBT^XBV1Y/XBV1[0V,T'W �2Y/XBT^X��.Y/c�Y�X�

�%Z7[0`if/XrT^V,ZhX�c)Y>W1*��<Wbc�V1Z7[Ef/`dT'Y/`<M}f/*0g ∼ �D" ° � ∼ p'& ° 
eXB* ∼ p'" ° � ∼ "!& ° 
Â�ba7`AZ¹e!*'V,Z9e.M}f/*0g¯ X>* � ¯ j7V1Z7Y $ 6¨V1X;a � ¯ q̃2 j7V,Z7Y © X;a7`HY>Vce!ZUT'W�c�V,`0W1_{V,Z­`dT'[?a�j7V1Z�T'Wc�+Tdc�Y�f>`Eg;T'V1Z{T5j8*��!`



p^" ¯

∼ 70
© T'Z%_pVbX6Y>`0`ig;Y6Xda7T^X6Xda7`)w7Xq[0*0�%W,_´aUT'Z7_7W1`)`i�!`AZ{W]T@f;e!`ifnZº�,gIjj`ifx*^M�j7V1Z7Y¨�<V1Xda%*0�%X

g;T�\/*0f�|,f>*0j7W1`EgCY $ 6p`6[dT'Z-Xda7`AZg[?a%*9*!Y/`qX>*��%Y>`xT'ZhcLZ·�9gIj8`Ef<*'M»j%V,Z7Y=å�å $ Z²�·�7V1[?µ¢f>`���V,`i�
*^M#Xda7`5W,VbX>XB`ifBT^X;�9f>`3T5j8*0�%X f+(q2) [0T'W,[i�7W]T^X>V,*!Z%Yi_7V,_;Z7*'Xm[A*!Z*��V,Z7[A`¬�7Y�XdaUT^XmT'ZhcC|UT5f/X>V,[i�7W]T5f
q̃2 j7V,Z7Z%V,Z9e�V1Y�*'MÂe5f>`dTtXB`Ef<V1ZkX>`Ef/`0Y/X $U¬ a·�7Y © �l`q_%`0[0V1_7`0_-XB*§�7Y/` �d& q̃2 j7V,Z7Y $

6p`�g;T'_7`�*!Z7`¼g;*5f>`�T'_�\C�7Y�XdgC`0ZhXN*'M7Xda%`lW,T'Y/X=X��+* q̃2 j7V,Z%Y © XdaUT^X��l`�f/`0_7`fwUZ7`0_�� �DS%$�&!&0�,©p��!$  @Ë �,©op   $ Ë 
mV1Z7Y/X>`dT'_g*'M³� �DS%$�&!&0�,©op��!$O"5� Ë ©Np   $ Ë 
 $ 6­`qT'W1Y>*hf>`0_%`AwUZ7`A_vXda%`xW,T'Y/X<X��l*¹j7V1Z7Y
*^MiXda7`x*'Xda7`if BB jUT'[?µ·e0f>*5�7Z7_�XB*¹jj` � �!�!$.�0�,©y�   $   "*pº©óp   $ Ë 
3V,Z%Y/XB`0T'_�*'M � �!�!$.�0�,©y�DS%$�&!&0��©p   $ Ë 
 $ 6¨V1XdaqXda7V1YNwUZ7T'W9[A*!Z%w`e5�9fBT^X>V,*!Z © �l`m*0j%XBT'V,Z%`0_JX;a7`�f/`0Y;�%W1XK_%`0Z7*'X>`0_x�4�5*0gCV,ZUT^WH��Y/VBe �d& �
�%W,Z &!" ��j9j & Ë ��[A*!Z &%� �5*!ZLX;a7`6W]T'Y�X<W,V,Z%`.*'M ¬ T5j%W,` "%$qp5�%$

ZmX6Xda%V,Y6Y/XBT5e!` © X;a7`CZ7`i�º*!|%XBVcg;Vc£0`A_�|UT5fBT@g;`fXB`Ef/Y6*'M+X;a7`)Z7*0gCV,ZUT'WNY>Vce!ZUT'WK`ÞÌ�XdfBT^[AXBV1*!Z
w%XR�l`Ef/`H ( M2*0�9f.[0T^XB`ie!*0f>V1`0Yn*'M�`��!`0ZhX>Y  B0 → π−`+ν Y>Vce!ZUT'WiT^Z7_ b → u`ν

© *'Xda%`Ef BB T'Z%_
[0*!ZhXBV1Z·�9�9g jUT^[?µºe5f>*0�7Z%_7Y ä(��D& j7V,Z7Y�*^M q̃2 V1Z��ba7V,[?a@Xda7`6Y/VBe!ZUT^W#Y>[0T'W,`.M~T'[fXB*0f/Y3T5f>`.w7X/XB`A_gV1Z7_7`0|8`0Z%_7`0ZhXBWbc ä( M2*0�9flM}f/`0`.|7T5fBT5gC`AX>`Ef/YlM2*0f�Xda7`5*'Xda7`if BB © X;a9f>`A`:M2*0flX;a7` b→ u`ν T'Z7_?*!Z7`:M2*0f�Xda7`
[0*!ZhXBV1Z·�9�9g jUT^[?µºe5f>*0�7Z%_7Y © M2*0f<T�XB*^XrT'W#*^M ��� M}f>`A`n|UT5f>T5g;`fXB`if>Y(�}�+T'Y � Ë jj`fM2*0f>`}
 ä( �<V,_%X;a-*^MNX;a7` � w9f>Y/XRj7V1Z7Y  2.376 GeV 2/c4

ä
( �<V,_%X;a-*^MNX;a7` S th j7V1Z  2.64 GeV 2/c4

ä
( �<V,_%X;a-*^MNX;a7`6W]T'Y�X(� �D& th 
�j%V,Z  4.752 GeV 2/c4

$

ª Z?X;a7`3`0Z7_ © �l`«�l`Ef>`5[0*!Z*��V,Z%[0`0_;XdaUT^XlV1X�V1Y<j8`AX/XB`iflXB*q[?a7*�*!Y>`3c!`fX�T'Z7*^Xda7`if q̃2 j7V1Z7Z7V1Z9e
X;aUT^X  � 
)V1YC`0T'Y/csX>*­[0*5gIj7V,Z%`��<VbXda�Xda7`-`�Ì9V,Y�XBV1Z9e­T^Z7_\`ÞÌ%|8`0[fXB`A_¨T'ZUT'Wbc9Y/`0Y;*'M B0 → π−`+ν

_%`0[dTdc�Y äp 
��7Y>`AY5`0T'Y/c*��X>*@��`ÞÌ9|7W]T'V1Z © f/*0�7Z7_@Z·�9gIj8`Ef/Y $

_U*0f�Xda%`0Y>`�f>`0T'Y>*!Z%Y © �+`q_7`0[AV,_7`A_vXB*h�7Y/` ��p q̃2 j7V,Z%Yb�<VbXda jj*5�7Z7_UT5f/V,`AY:T^X� &,©Np�© Ë ©   ©��©=�d&,©���p�©�� Ë ©��   ©y���,©Np'&�©Np0p T'Z%_ p!Q GeV2/c4
$oª ZgX;a7V,YU�+TDc © *5�9f«f/`0YC�7W1X>Y5[0T'Zlj8`x`0T'Y>V1W1c

çÀç/ï=£@÷r³iìN�>ð�í½úqû��@îÞñ!²�ö�ðÆîf¡Àî�ï�öÀì�¡ í9��ñjò8ó�¡Àì/ôEô�úO¡ÙìCïPì9�EöÀí7í½öÀî·¡Ùö7öÙ÷m£5ì[ë�ìCîB³d¤UöÀ÷�ë@î��Æõ�ñqì�ü



p^"  

Ç<ÈÂÉ�Êl"%$qp5�g(
q̃2 j7V,Z%Z7Z7V,Z,epT^Z7_�w%X;|7T5fBT5gC`AX>`Ef/YC*'|%XBVcg;Vc£dT^X>V,*!Z
M2*0f�Xda7`LXB*^XrT'WUÃ�_ $i¬ a7`

e'`0Z7`ifBT^X>`0_��'T^WB�7`nV1Y �!$O"'"!&%$
w7X<[0*'Z%w`e0�9f>T^XBV1*!Z (val ± stat ± syst) × 107 XB*'XBT'W#`if;f>*5f

Y/XrT^Z7_UT5f/_���Y/VBe �!� ���7W1Z &%� � j9j &%� ��[0*!Z &%� �D"0p5�%$qp ±   S%$OQ ± �D&   $OQ ��p!Q9$ Ë

m9VBe*TvTÆÌ S!& ��Y>VBe �D& ���%W,Z &%� ��j9j &9� ��[A*!Z &%� �D"'"hQ9$�S ± Q'&%$ Ë ± �D& ¯ $�& ��p   $ ¯
m9VBe*TvTÆÌ S!& ��Y>VBe �D& ���%W,Z &*p ��j9j &9� ��[A*!Z &%� �d" Ë &%$ ¯ ± Q5�%$�& ± Q   $ ¯ �d&!S%$qp
m9VBe*TvTÆÌ S!& ��Y>VBe �D& ���%W,Z &!" ��j9j &9� ��[A*!Z &%� �d"!"hQ9$qp ± �!&%$ Ë ± �   $�& �'��Q9$OQ
m9VBe*TvTÆÌ S!& ��Y>VBe �D& ���%W,Z & Ë ��j9j &9� ��[A*!Z &%� �d"!"hQ9$   ± �%�!$�& ± �!&%$�& �'�D"%$.�
m9VBe*TvTÆÌ S!& ��Y>VBe �D& ���%W,Z & ¯ ��j9j &9� ��[A*!Z &%� �d"!"hQ9$�" ± �*p9$�& ± � Ë $�" �'��Q9$  
m9VBe*TvTÆÌ S!& ��Y>VBe �D& ���%W,Z &   ��j9j &9� ��[A*!Z &%� �d"!"hQ9$�S ± �*p9$b� ± �%�!$ Ë �'� ¯ $OQ
m9VBe*TvTÆÌ S!& ��Y>VBe �D& ���%W,Z &hQ ��j9j &9� ��[A*!Z &%� �d"!"hQ9$�S ± �*p9$qp ± �!&%$   �'� ¯ $b�

m9VBe*TvTÆÌ S!& ��Y>VBe �D& ���%W,Z &%� ��j9j &9� ��[A*!Z &%� �D"'"hQ9$�S ± Q'&%$ Ë ± �D& ¯ $�& ��p   $ ¯
m9VBe*TvTÆÌ S!& ��Y>VBe �D& ���%W,Z &%� ��j9j &0p ��[A*!Z &%� �D"'"hQ9$   ± Q'&%$ Ë ± �D& ¯ $ Ë ��p   $OQ
m9VBe*TvTÆÌ S!& ��Y>VBe �D& ���%W,Z &%� ��j9j &'" ��[A*!Z &%� �D"'"hQ9$�& ± Q0p9$�& ± �D&!"%$�S ��p   $ Ë
m9VBe*TvTÆÌ S!& ��Y>VBe �D& ���%W,Z &%� ��j9j & Ë ��[A*!Z &%� �d"!"!S%$   ± Q Ë $�" ± ShQ9$qp ��p0p9$ Ë
m9VBe*TvTÆÌ S!& ��Y>VBe �D& ���%W,Z &%� ��j9j & ¯ ��[A*!Z &%� �d"!"0�%$b� ± Q   $   ± S*p9$�S ��p'&%$ Ë
m9VBe*TvTÆÌ S!& ��Y>VBe �D& ���%W,Z &%� ��j9j &   ��[A*!Z &%� �d"!"   $   ± Q   $�" ± S*p9$.� ��p'&%$b�
m9VBe*TvTÆÌ S!& ��Y>VBe �D& ���%W,Z &%� ��j9j &!Q ��[A*!Z &%� �d"!"0�%$b� ± Q!Q9$�S ± S%�!$.� ��p'&%$ Ë

m9VBe*TvTÆÌ S!& ��Y>VBe �D& ���%W,Z &%� ��j9j &9� ��[A*!Z &%� �D"'"hQ9$�S ± Q'&%$ Ë ± �D& ¯ $�& ��p   $ ¯
m9VBe*TvTÆÌ S!& ��Y>VBe �D& ���%W,Z &%� ��j9j &9� ��[A*!Z &*p �D"'"0�%$�" ± Q9�!$b� ± �D& ¯ $ ¯ ��p!Q9$qp
m9VBe*TvTÆÌ S!& ��Y>VBe �D& ���%W,Z &%� ��j9j &9� ��[A*!Z &!" �D"'"0�%$qp ± Q0p9$b� ± �D&hQ9$.� ��p'S%$OQ
m9VBe*TvTÆÌ S!& ��Y>VBe �D& ���%W,Z &%� ��j9j &9� ��[A*!Z & Ë �D"'" ¯ $b� ± Q!Q9$�& ± ��p9�!$   � Ë0Ë $�&

m9VBe*TvTÆÌ S!& ��Y>VBe & ¯ ���%W,Z &!" ��j9j & Ë ��[A*!Z &%� �d"%��Q9$OQ ± �   $�" ± ShQ9$qp �d"!&%$�&
m9VBe*TvTÆÌ S!& ��Y>VBe &   ���%W,Z &!" ��j9j & Ë ��[A*!Z &%� �d"%��Q9$qp ± Q!Q9$.� ± �0�%$ Ë �'��Q9$OQ
m9VBe*TvTÆÌ S!& ��Y>VBe &hQ ���%W,Z &!" ��j9j & Ë ��[A*!Z &%� �d"*p9�!$ ¯ ± �hQ9$OQ ± �0�%$ Ë ��p Ë $ ¯
m9VBe*TvTÆÌ S!& ��Y>VBe &0� ���%W,Z &!" ��j9j & Ë ��[A*!Z &%� �d"*p0p9$�" ± Q Ë $b� ± �!S%$ ¯ �'�   $qp
m9VBe*TvTÆÌ S!& ��Y>VBe &!S ���%W,Z &!" ��j9j & Ë ��[A*!Z &%� �d"%��Q9$qp ± Q!Q9$   ± �!"%$   �'� Ë $b�
m9VBe*TvTÆÌ S!& ��Y>VBe �D& ���%W,Z &!" ��j9j & Ë ��[A*!Z &%� �d"%�   $�& ± Q5�%$�S ± �hQ9$.� �'���%$�&
m9VBe*TvTÆÌ S!& ��Y>VBe �!� ���%W,Z &!" ��j9j & Ë ��[A*!Z &%� �d"%�DS%$ Ë ± Q'S%$�S ± �*p9$�S �'� ¯ $b�
m9VBe*TvTÆÌ S!& ��Y>VBe � ¯ ���%W,Z &!" ��j9j & Ë ��[A*!Z &%� �d"%��p9$   ± Q5�%$b� ± � Ë $qp �'� Ë $.�

m9VBe*TvTÆÌ S!& ��Y>VBe �D& ���%W,Z &!" ��j9j & ¯ ��[A*!Z &%� �d"%�D&%$ ¯ ± � ¯ $   ± S%�!$ ¯ ��p ¯ $�"

�5*5g;V1ZUT'WH��Y>Vce �D& � �7W,Z &'" � j,j & Ë ��[0*!Z &9� �d"%�D&%$.� ± �!&%$.� ± �!S%$�& ��p'&%$�"



p^"hQ

[A*0gIj7V1Z7`0_§�<V1X;a;X;a7`5`ÞÌ9V,Y/X>V,Z9e6XrT@e0e!`0_hgC`dT'YC�9f>`ig;`AZkX>Y��7Y/V,Z9e " j%V,Z7Y��<V1X;a�j8*0�7Z7_7T5f>V1`0Y�T^X  &�©��,©��   ©<p!Q
GeV2/c4

$[ª Z\T'_7_7VbXBV,*'Z © VbX��mT'Y;_7`0[AV,_7`A_�X;aUT^X)Xda%`-M}�%X;�9f>`
õ~öbÑtÎ�õ�Z7`E�9Xdf>V1Z7*
f/`0[A*!Z7Y/X;f;�7[fXBV1*!ZsT'ZUT'Wbc�Y>V,Yx*'M B0 → π−`+ν _7`A[dTdc�YI�<V1X;a$GJI<G~ILK �l*0�7W,_±�7Y>`   q̃2 j7V1Z7Y
�<VbXda�j8*0�7Z7_UT@f>V,`AY<T^X� &,© Ë ©9�,©#��p�©o�   ©Np'& T'Z7_ p!Q GeV2/c4

$
¿ �9f+w7ZUT'W7j7V1Z7Z7V1Z9e�V,Y+Y;a7*��<Z@V,Z�_eVce $�"%$b� ¯ �Àm9`A[AX $U"%$ Ë $äp 
 $%¬ a%`nW]T5fCe!`Ef b→ u`ν j7V1ZLT^X

W1*�� q̃2 T'Z%_L*'Xda7`if BB j%V,ZLT^XPa7VBe0a q̃2 T'[A[0*0�7ZhX>YmM2*0flX;a7`2gC*9_7`AWH��V,Z7_7`A|j`AZ7_7`AZkXlM~T'[AX>Y+Xda7T^X
b→ u`ν `i�'`0ZhXBYlT5f/`�Z7*'X�`�Ì9|8`0[fXB`0_)XB*¨aUT(�'`3W1*�� q̃2 �^T'Wc�7`0YiT^Z7_)*'Xda7`if BB `i�'`0ZhXBYlT5f/`�Z7*'X
`ÞÌ9|j`A[AXB`A_CX>*2aUT(�!`ba7Vce0a q̃2 �^T'WB�7`AY³�~Y/`0`Rm9`A[AX $h"%$b��p9$b� T'YÂ�l`0W1W7T'Y[_NVBe!Y $'"%$qp5� T'Z%_ "%$äp^S 
 $t¬ a7`
`ÞÌ9|j`A[AXB`A_LZ·�9gIj8`Ef+*^M�Y>Vce!ZUT'W © b→ u`ν T'Z7_?*^Xda7`if BB `i�'`0ZhXBY�|8`Ef¼j7V,Z;V,Y�T'|7|9f/*(Ì%Vcg?TtXB`0Wbc
[A*!Z7Y�XrT'ZhX $<ª Z­e'`0Z7`ifBT'W © *0�9fCY/Xd�%_%c�Y?Y;a%*��ãX;aUT^X)Xda%`gw7X/XB`EfC[dT^Z­aUT'Z%_7W,`�g;T'Zhcs_7V
	j`Ef/`0ZhX
j%V,Z7Z7V1Z9eLT'Z%_�M}f/`0`�|UT@fBT5gC`AX>`Efn[0*'Z%w`e0�9f>T^XBV1*!Z7Y $ 6p`�`�Ì9|j`A[AX6Xda7T^XnXda7`�Z%`i��*'|%XBVcg;Vc£0`0_gw7X
|7T5fBT5gC`AX>`Ef/YR�<V1W,W�f>`A_9�7[0`xXda7`xY/c�Y/X>`Eg;T^XBV1[��7Z%[0`Ef�XrT'V1ZhX�cljhc ∼ p^& ° © T'Z%_lf>`A|7W]T^[0`JVbX¬jhcgT'Z
V1Z7[Ef/`dT'Y/`0_�Y/XBT^XBV1Y/XBV1[dT'W¼�7Z7[A`Ef/XBT'V,ZhX�c $i¬ a7`LXB*'XBT'W��7Z%[0`Ef�XrT'V1ZhX�c�V,Y�`ÞÌ%|8`0[fXB`A_aXB*¶j8`LY>Vcg;V1W]T5f
*5f5Y/W,VBe5akX>W1cLW1*��+`if3X;aUT'Zlj8`AM2*5f>` © j9�%X5Xda7`xT'ZUT^W1c�Y>V1YR�<V1W,W�W,`AY>Y«f>`0Wbc@*!ZgX;a7`�TlV«Y>VBg¡�7W]T^X>V,*!Z
|,f>`0_%V,[AX>V,*!Z%YNXB*n_%`AXB`if;gCV,Z7`�Xda7` q̃2 Y/|j`A[AXdf>T.*'M�Xda7` b→ u`ν T^Z7_�*'Xda%`Ef BB jUT'[?µ·e0f>*5�7Z7_7Y $

r7sSRºv Ê �\� � ��� {CU�Ë � {½~};0� >�>}�`� �·� = ~
r7sSRºv7s�R T �9��>�B ~�| =��ZB �N�U|���� A � ;��<X � � =\�\� Ä\| ���,�Æ�9� �*|�� � ~

÷ Õ#Î�ö,Ø�õ�ÓrØfõ�ø�ÏtØeùUÓfÐ�ú Ú Ð·û?Ó>Ô Útü Ï@Õ�ýxþ-ÿ�Í�Ø0Ï'û:ù ç Ó<Ï'õNÏ6õÒö�û?ÓmøeÎUÓfÐrÓ+õ�ÎUÓ3Ï ü Ï ç ÜDØfö,Ø+Î%ÏhÔ���
q̃2 � ö ü ØnÏ ü Ô ÚtüUç Ü Útü Ólù%Ï'Ð>Ï'û?Ófõ�ÓfÐ�ùUÓfÐ � Ï�Ör×0Ñ'Ð Ú��9ü Ô�õÒÜrùUÓiú Ú Ð5õ2ÎUÓxÓ ü õÒö�ÐBÓ q̃2 Ø�ùUÓrÖfõÒÐ � û����ª Z�Xda%`LZ7*0gCV,ZUT'Wiw7X © Xda%` q̃2 c�V,`AW,_7YJ*'M�Xda7`LY/VBe!Z7T'WmT5f/`?M}f>`A`H|UT5f>T5gC`AXB`if>Y�j9�9X�Xda7` q̃2

_%V,Y/X;f>Vcj9�%XBV1*!ZL*'MNXda7`¨jUT'[?µ·e0f/*0�7Z7_%Y:V,Ymw�Ì%`A_ $Nª X5V1Y�Xda·�7Y3|UT5f/X>V,[i�7W]T5f/W1c;VBgC|j*5f/XrT^ZkX+XdaUT^X<X;a7`
q̃2 _7V,Y�Xdf>Vcj9�%X>V,*!ZH*^MNX;a7`¨jUT'[?µ·e0f>*5�7Z7_7Y3V,YP�l`0W1Ww�7Z7_7`if>Y/X>*9*�_ $

#�`AXE¿�Yyw`f/Y/X�g;`AZkX>V,*!ZnX;aUT^XyXda7V1Y q̃2 j9µ·e��4T'Y>YC�9gC|%XBV1*!Z9�iV1Y�Z7*'XNT'Y=Y>[0T5f/cqT'YyVbX�w`f>Y�XeY/*0�7Z7_7Y $¿ Z-*!Z7`¨aUT'Z%_ © Xda7` q̃2 Y;a7T'|j`q*'M=Xda7`q[0*'ZkX>V,Z·�9�9gãV1YP�+`AW,W�µkZ7*��<ZgM}f/*0g�Xda%`x*[	o��f/`0Y/*!ZUT'Z7[A`
_7T^XrT�[0*'ZkX;f>*!W�Y>T5gC|7W,` $ ¿ ZsX;a7`@*'Xda%`Ef�aUT'Z%_aVbX)[dT'Z�j8`-Y/`0`AZ\V,Z�_eVce $K"9$O"hQ X;aUT^X�Xda%` q̃2

YCaUT'|8`v*'M:Xda7` BB̄ jUT'[?µ·e0f/*0�7Z7_©[0T'Z7Z7*^X¹j8`n�'`Ef/c�M~T5fC*[	ªY>V1Z7[0`-Xda7`g*��!`Ef>T'W,W3_UT^XBTLE0TWV
T@e0f>`A`EgC`0ZhXHV1Y �·�7V1X>`le!*�*�_ $�ª Z©T'_7_7VbXBV1*!Z © Xda7` q̃2 Y;aUT'|8`�*'MnX;a7`lj7T'[?µ·e0f>*0�%Z7_©V,Y;|UT5f/X>W1c
[A*!Z7Y�XdfBT^V,Z7`A_¡jhc³g;*�_7`0Wy��V1Z7_7`0|8`0Z%_7`0ZhX=[0*!Z%Y>V,_%`EfBTtXBV,*'Z7Y $ _U*0f=`�Ì%T5gC|7W,` © Xda7`¼j9�7WBµn*^M7Xda7` b→



p^"0�

c`ν _7V,Y�Xdf/VBj9�%X>V,*!Z;Y;a7*5�7W,_LZUTtXd�9f>T'W,Wbc;Y�XrTdcLTtX q̃2 �^T'Wc�7`0YPj8`0W1*�� (mB −mD)2 $ ¿ |7|8*!Y>VbXB`AW1c ©
VbXCV,Y)`�Ì9|8`0[AX>`0_\X;aUT^X)M2`i� b → u`ν jUT^[?µºe5f>*0�7Z%_��<V,W1WUaUT(�!`gW,*�� �^T'Wc�7`0Y)*'M q̃2 Y/V,Z7[A`gVbX
f/` �·�7Vcf>`0YxT�a7VBe5a�gC*0gC`0ZhXd�9gÈXdf>T'[?µ�V,Z�Xda%` B M}fBT@g;`I�ba7V1[?a­[0T'Z7¿�X³jj`)*0j%XBT'V,Z%`0_´jkc�X;a7`
|%V,*!Zx[dT'Z7_%V,_UT^X>`0YNT'[0[A*0�7ZhXBV1Z9e:M2*0f=*!Z7WbcqT3M}f>T'[AX>V,*!Zq*'M7X;a7` Xu gC`0Y>*'Z7YE¿Æg;*5g;`AZkX;�9g �}�ba%V,[?a
Z%`0[0`AY>Y>T5f>Wbc¥aUT(�!` n > 1 _UT5�9e5akX>`Ef/Y 
 $ _NV,ZUT'W1W1c © X;a7`0Y/`�[0*!Z%Y>V,_%`EfBTtXBV,*'Z7YnT5f/`)T'W,W=VBgC|7W,V1[0VbXB`0Wbc
XBT5µ'`AZvV1ZkX>*CT'[0[A*0�7ZhX:V1Z-X;a7`6`i�^T'Wc�UT^XBV1*!ZL*'MNXda7`qY/c�Y/X>`Eg;T^XBV1[¨�7Z7[0`if/XBT'V,ZhXBV1`0Y $ _�*5f�`�Ì%T5gC|7W,` ©
X;a7` q̃2 c�V,`AW,_7YC*'M.X;a7` BB̄ `i�'`0ZhXBY@T@f>`��'T@f>V,`A_uT'[A[0*0f/_7V,Z,epXB*
Xda7`n�7Z7[A`Ef/XBT'V,ZhX>V,`0Y;*'M.X;a7`
j,fBT'Z7[?a%V,Z9e�M}fBT^[AXBV1*!Z7Y<T'Z%_-M2*0fCgìM~T'[fXB*0f/Y<Y/c�Y/X>`Eg;T^XBV1[¦�7Z7[0`if/XBT'V,ZhXBV1`0Y å*- $¬ *�[Ef/*!Y>Yé��[?a7`A[?µ­Xda7T^XJX;a7` q̃2 Y;a7T'|j`?*'MmXda%` BB̄ V1Y³�l`0W1WH��gC*�_7`0W1`0_ © �l`¢g;T'_7`)w7XBY�V1Z
�ba%V,[?agX;a7` b → u`ν T'Z7_QEt*0f<*'Xda7`if BB̄ jUT'[?µ·e0f/*0�7Z7_-c9V1`0W1_7Y<V,Z��^T5f>V1*0�7Y q̃2 j7V1Z7Y3T5f>`6M}f>`A`
|7T5fBT5gC`AX>`Ef/Yq*^MmXda7`)w7X6XB* j8`?T5j%W,`�XB*-[0*0gC|UT5f/`CX;a7`)w7X>X>`0_ q̃2 j7T'[?µ·e0f>*0�%Z7_­YCaUT'|8`h�<VbXda
X;a7`�TWV½Y>VcgI�7W,T^XBV1*!Zp|,f>`0_%V,[AX>V,*!Z%Y $\ª Z{Xda7` TWV�Y/VBgI�7W,T^XBV1*!Z © �l`@T'WBf/`dT'_9c�µkZ7*��Í�baUT^X�V1Y
X;a7` q̃2 YCaUT'|8`?*'MmX;a7`¹j7T'[?µ·e0f>*0�%Z7_ © Y/*�V1Xx_7*�`0Y/Z7¿ XJZ7`0`A_­XB*ljj`;[Ef>*'Y>Y=��[?a7`0[?µ^`0_ $ mkXBV,W1W © �l`
g;T'_7`�X��l*JYC�7[?a?XB`AY/X>Y7��XB`0Y�X�î � T'Z7_?î p jj`AW,*�� 
»�7Y>V1Z9e6Xda7` ¬ ¿�í _UT^XBTxT'Z%_¢TWV�YBT5gC|7W,`AY
V1W,Wc�7Y/X;fBT^X>`0_�V,Z�_eVBe'Y $�"%$qp5� T'Z7_ "%$äp^S%$wª ZpX>`0Y/X�î �0© �+`;W,`fXqX;a7` b → u`ν T'Z7_­*^Xda7`if BB̄
j7T'[?µ·e0f>*0�%Z7_�c9V1`0W1_7Y MU*!T^X.V1Z �!� q̃2 j7V1Z7Y © V,Z�T'_%_7V1X>V,*!Z@XB*HX;a7`�Y>Vce!ZUT'Wyc�V,`AW,_7Y $kª Z�X>`0Y/X6î pº©
T^W,WjX;a7`¦jUT'[?µ·e0f/*0�7Z7_%Y5T^Z7_@Y>VBe'ZUT'Woc�V,`AW,_7Y¼�+`if>`�MU*hT^X>`0_@V,ZLX;a7` �!� q̃2 j%V,Z7Y $7¬ a7`¨f>`AY;�7WbXBY�*'M
j8*'X;aCX>`0Y/X�w7X>Y+T'Y[�l`0W1WjT^Y�*^MoXda%`5Z7*5g;V1ZUT'W%w7X�|8`Ef�M2*0f;gC`0_C*!Z)Xda7`3YBT5gC`<YBT5gC|7W1`<T5f>`3Y;a7*��<Z
j8`0W1*�� $¬ a7`�Y/VBe!Z7T'W�c9V1`0W1_7YE¿8Y/XBT^XBV1Y/XBV1[dT'W��7Z%[0`Ef�XrT'V1ZhX�c�*0j%XBT'V,Z%`0_n�<VbXdavX;a7`JX>`0Y/X6î p �mT'Y.T5jj*5�%X
X��<V1[0`JT'Y«j%VBe;T'Y5M2*0f�X;a7`JZ7*5g;V1ZUT'W#w7X $k¸ *��+`��!`Ef © Xda%`xY�XrT^X>V,Y/X>V,[0T'Ww�7Z7[A`Ef/XBT'V,ZhX>V,`0Y5*0j%XBT'V,Z7`A_
�<VbXda�X;a7`�XB`AY/Xqî � �+`if>`�[A*0g;|7T5fBT5j%W,`��<VbXda�X;a7*!Y>`�*^M�X;a7`�Z7*0gCV,Z7T'W�w7X $7ª Z�X>`0Y�XBYxî � T'Z7_
î p�© X;a7` b → u`ν jUT'[?µ·e0f/*0�7Z7_�c�V1`0W,_-V,YR£0`if>*HV1ZgX;a7`xw`f/Y/X«j7V,Z $k¸ *��+`��!`Ef © �l`�[dT'ZgY>`A`�V,Z
_NVBe!Y $k"%$äp@� T'Z7_ "%$qp'S X;aUT^X�Xda7` b→ u`ν c�V,`0W1_?V1ZCX;aUT^X¼j7V,Z;V,YlT'[AX;�UT'W,Wbc�Z7`ie!W,Vce!VBj7W1` $^¬ a7V,Y�V,Y
`AZ7[0*5�9fBT5e'V,Z9e
	�_NVBf>Y�XBWbc © VbX�Y;a7*��<Y=XdaUT^X�X;a7`�[Ef/*!Y>Yé��[?a7`A[?µx*'M�Xda%` q̃2 Y;aUT'|8`�*'M9X;a7`�jUT'[?µ·e0f/*0�7Z7_
�<V1W,W�jj`�XB`A[?a7Z7V1[dT'W1W1cx|j*!Y/Y>Vcj7W,`U�7Y/V,Z9enX;a7`bf>`dT^WU_UT^XrT $ Z:Z7_CY>`A[0*!Z%_7W1c © VbXiY;�,e0e!`0Y�XBY�XdaUTtX�Y>*0gC`
Y�c�Y/XB`ig?TtXBV,[��7Z7[0`if/XBT'V,ZhXBV1`0YK*^M8X;a7`�T'Z7T'W1c�Y>V1Y»gCVBe0ahX�jj`+M}�,f/Xda%`Ef[f>`A_9�7[A`0_§jhc�W,`fX>X>V,Z9e.Y/*0gC`+*'M
X;a7`¨jUT'[?µ·e0f/*0�7Z7_7Y³MU*hTtX<V,Z@Y>*0gC` q̃2 j7V1Z7Y © �<VbXda7*5�%X<V,Z7[if>`0T'Y>V1Z9e�XB*�*hg¡�7[?a-X;a7`6Y/XBT^XBV1Y/XBV1[dT'W
ç���
��Pî�õÆõ�úÁöÀú.÷��o�?ú.ö9òó÷f¡ÙöÙë¼ïPì9�EöÙúq÷����Æú ��ûÂöÀëÆî?öoîÂí½úqïPú.ñäî·¡`î�íÀíÙô�ïPð�öÙúq÷��¼òóîií�ïUîiõ�ìo y÷f¡,öÙë�ì7ð�¡Àì�³(úq÷�ôÆí��7î��7îf¡ô��EöÀîÞûiû�ì;õRî��@îÞñO¤(íÙúäí�� è������·òwë�úR� ë2òóîiíóð�ô�£�ñqúqíÙë�ì;õ«ú¿�.òoëd¤�í=ü �wì�³0ü �³ü



p^"!S

�%Z7[0`if/XrT^V,ZhX�cn*'MkXda%`�Y/VBe!Z7T'W $ _U*0f�`�Ì%T5gC|7W,` © X;a7`�_7*0gCV,ZUT'ZhXó�7Z7[0`if/XBT'V,ZhXBV1`0Y#M}f/*0g»X;a7` b→ u`ν

j7T'[?µ·e0f>*0�%Z7_hÃP_UYKT'Z7_ B → ρ`ν M2*0f;g�M~T'[fXB*0f/Ye[0*5�7W,_�|8*'X>`0ZhXBV,T'W,Wbc¨jj`Pf/`0_9�%[0`0_§jhc�MU*hT^X>V,Z9e
X;a7`)c9V1`0W1_7Yn*'M+X;a7` b → u`ν jUT^[?µºe5f>*0�7Z%_­V,Z�M2`i� q̃2 j%V,Z7Y $ Z:Z­Vcg;|8*0f�XrT'ZhXn_9f>T(�bjUT'[?µ�*'M
W1`AX/XBV,Z,e)X>*9*hg;T'ZhcLw7X:|7T5fBT5gC`AX>`Ef/Y MU*!T^X3V,YRa7*��+`��!`Ef5Xda7`q_9fBT@g?T^X>V,[nV1Z7[Ef/`dT'Y/`xV1Zlf>`��·�7VBf/`0_
V ^�� XBVcg;` $ Tg*0f/`¦�+*0fCµ¹�<V,W1Wój8`6Z7`0`A_7`0_-XB*)V,Z*�!`AY/X>VBehT^X>`nXda7V1YmM}�9f/X;a7`Ef $

� � � _}a?bec��Q_u� �4�"^��! Jg �"�4^��" en
^�_�`Fa"b4ced�fhg g�l*mon�q?dPm|l�g�v g&l*nFwzq?dsm�l�g}w g�l0wen qQdsm|l9nQg
^�_�`Fa"b4ced�f�n g�l*mom�q?dPm|l�g�m m�l*�Lprq?dsm�l�g�m m|l9�Lt�qQdsm|l�g�x
^�_�`Fa"b4ced�fot g�l*mox�q?dPm|l*mo� g&l*mo��q?dsm�l*mo� g�l9mon qQdsm|l�g�x
^�_�`Fa"b4ced�fLw m|l0p�m�q?dPm|l�g�m m�l0p�n�q?dsm�l�gog m|l*p�n qQdsm|l�g�v
^�_�`Fa"b4ced�f�x m|l*�om�q?dPm|l�gog m�l0pLwzq?dsm�l�gut m|l*y�� qQdsm|l9non
^�_�`Fa"b4ced�f�v m|l*vLyrq?dPm|l�gog m�l*vQg q?dsm�l�gog m|l*yLwrqQdsm|l9nLt
^�_�`Fa"b4ced�foy m|l*�Lyrq?dPm|l�gut g&l*nLtrq?dsm�l�g�v g�l�guy�qQdsm|l9nFw
^�_�`Fa"b4ced�fop m|l*vLprq?dPm|l�g}w m�l*vom�q?dsm�l�g}w m|l9vQg�qQdsm|l9nLp
^�_�`Fa"b4ced�f�� m|l*�Lprq?dPm|l�g�v g&l�gog q?dsm�l�g�� m|l9�om qQdsm|l9no�
^�_�`Fa"b4ced�fhg�m g�l*mLtrq?dPm|l�gup g&l*mox�q?dsm�l�g�x g�l�gut�qQdsm|l*tot
^�_�`Fa"b4ced�fhgog g�l�g}wzq?dPm|l*nox m�l0p�x�q?dsm�l0t�m g�l*y�n qQdsm|l9vFw

� c�a ��#%$'& ` m|l*�ov�q?dPm|l*mLt
� c�a ��#%$'& `Qd�f~g m�l*mom�q?dsm�l�g�x m|l9mom qQdsm|l9mLp
� c�a ��#%$'& `Qd�fen m�l*�ov�q?dsm�l�g�� m|l9�Qg�qQdsm|l9xom
� c�a ��#%$'& `Qd�f�t m�l0potrq?dsm�l�gut g�l9mox qQdsm|l*t��
� c�a ��#%$'& `Qd�fow m�l*vLyrq?dsm�l�g�x m|l9vo� qQdsm|l*t�x
� c�a ��#%$'& `Qd�fex g&l�g�m�q?dsm�l�g�n g�l�gog�qQdsm|l9nFw
� c�a ��#%$'& `Qd�fev g&l*nQg q?dsm�l*mLp g�l9non qQdsm|l�g��
� c�a ��#%$'& `Qd�f�y m�l0yotrq?dsm�l*mo� m|l*y�m qQdsm|l9nom
� c�a ��#%$'& `Qd�f�p m�l*�Ltrq?dsm�l*mox m|l9�on qQdsm|l�g�v
� c�a ��#%$'& `Qd�fe� m�l*�Qg q?dsm�l*mov m|l*pot�qQdsm|l�gut
� c�a ��#%$'& `Qd�f~g�m g&l*mon�q?dsm�l*mox g�l9mLt�qQdsm|l�g�n
� c�a ��#%$'& `Qd�f~gog g&l*mFwzq?dsm�l*mFw m|l*pop�qQdsm|l9no�



p Ë &

���L�"�F�o�o� #($'& ` g�l*mon�q?dPm|l*mQg
���L�"�F�o�o� #($'& `Qd�fhg g&l�gog q?dsm�l*mox g�l�gup�qQdsm|l9mLp
���L�"�F�o�o� #($'& `Qd�f�n g&l*mox�q?dsm�l*mFw g�l*t�n qQdsm|l�g��
���L�"�F�o�o� #($'& `Qd�fot g&l*mov�q?dsm�l*mFw g�l0we� qQdsm|l0w~g
���L�"�F�o�o� #($'& `Qd�fLw g&l�gog q?dsm�l*mFw m|l9�Lp�qQdsm|l9vox
���L�"�F�o�o� #($'& `Qd�f�x g&l*mom�q?dsm�l*mLt g�l*tLwrqQdsm|l*y��
���L�"�F�o�o� #($'& `Qd�f�v m�l*�ox�q?dsm�l*mon m|l*toy�qQdsm|l*pop
���L�"�F�o�o� #($'& `Qd�foy g&l*mox�q?dsm�l*mon g�l9nLp�qQdsm|l9vom
���L�"�F�o�o� #($'& `Qd�fop g&l*mLyrq?dsm�l*mon g�l9nLp�qQdsm|l9vom
���L�"�F�o�o� #($'& `Qd�f�� g&l*mox�q?dsm�l*mox g�l9mom qQdsm|l9mo�
���L�"�F�o�o� #($'& `Qd�fhg�m m�l0p�v�q?dsm�l*mLp m|l9�om qQdsm|l9nFw
���L�"�F�o�o� #($'& `Qd�fhgog g&l*mLtrq?dsm�l�g�x g�l*poy�qQdsm|l9�Lp

�L��a��h_ua �o�L� g�l*mLtrq?dPm|l*mox m�l*�o��q?dsm�l*mox
�L��a��h_ua �o�L� d�fhg m|l*poy�qQdsm|l�g�m
�L��a��h_ua �o�L� d�f�n g�l*t�n qQdsm|l�g��
�L��a��h_ua �o�L� d�fot g�l0we� qQdsm|l0w~g
�L��a��h_ua �o�L� d�fLw m|l9�Lp�qQdsm|l9vox
�L��a��h_ua �o�L� d�f�x g�l*tLwrqQdsm|l*y��
�L��a��h_ua �o�L� d�f�v m|l*toy�qQdsm|l*pop
�L��a��h_ua �o�L� d�foy g�l9nLp�qQdsm|l9vom
�L��a��h_ua �o�L� d�fop g�l9mQg�qQdsm|l*tot
�L��a��h_ua �o�L� d�f�� g�l0w~g�qQdsm|l*t�x
�L��a��h_ua �o�L� d�fhg�m m|l9�om qQdsm|l9nLp
�L��a��h_ua �o�L� d�fhgog m|l0wowrqQdsm|l*t�x

�u�~_L^�f�)�a+*"�(�-, top�v|l�w4nLy.)[t�v�m tevLy�l0thguw�)[tLwem t�x�x|l*mLtop�)[tot�m
/1012 �h_ � ��, v|l*vov�^[�4� g�xo�|l*xLy ^[�"� nQg�v|l*nLt²^[�4�



p Ë �
r7sSRºv7sBv 3 >S>S= ~i| �Æ� |�{½� � �o�§|��\���k¦���;5|´�o�h|��\�

f+(q2)
~E� �9� � �\�9���`� �*|�� � � � |��\�

∆B(q2)
~ � ��;5| ��=�� s

_eVce $�"%$ Ë � _7V,Y/|7W]Tdc�Y?T^Z\V,W1WB�7Y�Xdf>T^XBV1*!Z�*'M ¸ V,W,WÙ¿�Y f+(q2) |UT5f>T5g;`fXdf/VB£dTtXBV,*'Z{M2*0fh�^T5f/V,*0�%Y
�^T'Wc�7`0Y5*'M α T'Z%_ δ $óª Z�Xda%`JXB*!|v|7W,*'X © X;a7`¡�^T'Wc�7`J*'M α V,Y3w,Ì9`0_ $#¬ a%`�f>`0_vW,V,Z%`0Y:V1W,Wc�7Y/X;fBT^X>`
δ = 1, 0,−1,−2

© M}f>*0g¾j8*'X/XB*0gàX>*LXB*!| $�¬ a%`h�^T'Wc�7`0Y6*'M δ T5jj*��'` �!$�& T5f>`)Z7*^Xx|,akc�Y/V,[dT^W
j8`0[0T5�7Y/`;Xda%`Ac�XrT5µ^` q2

max �^T'WB�%`0Y6XdaUT^XxT5f/`;W1*��+`ifqX;aUT'Z (mB − mπ)2 $=¬ a%`?_UT'YCa7`0_­W,V,Z%`
V1W,Wc�7Y/X;fBT^X>`0Y=*!Z7`�Y;�%[?aCZ%*!Z���|,akc�Y/V,[dT^W7[dT'Y/` © a7T���V1Z9e δ = 1.5

$5ª Z�Xda7`�jj*'X/XB*0g�|7W1*'X © Xda7`P�^T'Wc�7`
*^M δ V1Ymw,Ì9`0_ $�¬ a7`¨f>`A_gW1V,Z7`AY�V,W1WB�7Y�XdfBTtXB` α = 0.01, 0.31, 0.61, 0.91

© M}f>*5g jj*^X>XB*5gìXB*�X>*!| $¬ a%`.[E�9f=�^T^Xd�9f/`:*'MoXda7`:M}�%Z7[AX>V,*!Z;V,Y�V,Z*�!`if>Y>`A_LM2*0f α < 0
$�¬ a7`:_UT^Y;a7`A_LW,V,Z%`5V1W,WB�%Y/Xdf>T^XB`AY�*!Z7`

YC�7[?avZ%*!Z���|,akc�Y/V,[dT^W�[dT'Y/` © aUT(��V,Z9e α = −1
$

r7sSRºv7sBr 4 �?= ~(~({ �`�uÁ9�,� { � |�{}� � �o�b|��\�n|��`| �?> B(B0 → π−`+ν)
� � � |���� �±� { � ~ B ~�@

|�� �±� |�{S; =�� ;0� � | � { � |�{}��~@s
¬ a7`HX>*'XrT^W B(B0 → π−`+ν) _%V,Y/X;f>Vcj9�%XBV1*!Z7Yq*0j%XBT'V,Z7`A_¤�ba7`0Z�X;a7`¢f>`0T'W+_7T^XrT�T@f>`¢f/`��

T^ZUT'W1cº£A`0_§�<V1Xda)Y/`i�!`ifBT'WNgC*9_7VbwU`0_ ^ X2_UY�V,Y�Y;a%*��<Z;V,Zh_eVce $h"%$ Ë S%$!¬ a%`5Y�XrT'Z7_7T5f>_C_7`i��V,T^XBV1*!Z
*^M<`dT'[?a�_7V1Y/X;f>VBj,�%XBV1*!Z
c�V1`0W,_%YxXda%`¹g;T'V,ZpY/c�Y/X>`Eg;T^XBV1[¹�7Z7[A`Ef�XrT'V1ZkX>V,`AYJ*'M<*0�,f�T'ZUT^W1c�Y>V1Y $ Z:W,W
X;a7`)_7V,Y�Xdf/VBj9�%X>V,*!Z%Y.T5f/`�[0*0gC|UT^X>VBj7W1`��<V1X;a
Tn²6T5�7Y/Y>V,T'Z�_7V,Y�Xdf>Vcj9�%X>V,*!Z�T^Z7_�Xda7`AVBfnY/XBT'Z7_UT@f>_
_%`i��V]T^X>V,*!ZLV1Y�Z7`i�'`Efb�!`if/c@_7V�	o`if>`0ZhX<Xda7T'Z-X;a7`nw7X>X>`0_l²qT@�7Y>Y/V]T'Z@Y>Vce0g;T $

r7sSRºv7sHx Ê �\� {}|�{}� �\�"> |��º~i|�~§� � q2 @ =�� � � >Ù� { � X
÷ Õ#Î�ö,Ølõ4ÓrØfõ#ø�ÏtØlÐBÓ65 � ÓrØfõ4Ó>ÔqÔ � Ð·ö ü Ñ.õ�ÎUÓ3Ó87!õ�ÓfÐ ü Ï ç ÐrÓ�9Dö}Ófø Ú ú Ú�� Ð�ù8ÐBÓ ç ö�û�ö ü Ï'Ð·Ü:ÐBÓrØ �9ç õ.:<;>=@?BA6�C õ�õ�Î�ö,Ø6õÒö�û?ÓEDiø+Ó6ø+ÓfÐBÓmù8ÐBÓrØDÓ ü õÒö ü Ñ;õ�ÎUÓ q2 Ø�ùUÓrÖfõ~Ð � ûìØrÎ%ÏfùUÓ6ö ü ú Ú Ð·ûCÏ'õ~ö Útü ö ü õ�ÎUÓiú Ú Ð·û Ú ú
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q2 � �7Z%M2*!W1_7V,Z9eLX>*vV,Z*�'`0Y/X>VBehTtXB`�Xda7`;W]T5fCe!` q2 |UT5f�X � q2 > 10 GeV 2/c4 
n*'M�*5�9f�gC`dT^Y;�9f/`0_
∆B(q2)/B Y/|j`A[AX;f;�9g �½_eVBe $%"%$�" Ë 
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�����UÊ7"%$ Ë �n(§ª W1WB�7Y�Xdf>T^XBV1*!Z;*^M ¸ V1W,WÀ¿ Y f+(q2) |UT@fBT5gC`AX;f>VB£0T^XBV1*!Z�M2*0f¼�^T5f/V,*0�%Y<�^T'Wc�7`0Y�*'M α T'Z7_
δ
$wª Z�Xda7`)XB*!|�|7W1*'X © Xda7`§�^T'WB�7`�*^M α V1Y.w,Ì9`0_ $=¬ a7`hf>`0_
W,V1Z7`0YnV1W,Wc�7Y/X;fBT^X>` δ = 1, 0,−1, 2

©
M}f/*0g j8*'X>X>*0gÇXB*)XB*'| $�¬ a7`³�^T'Wc�7`0Y3*'M δ T@jj*��!` �!$�& T5f/`6Z7*'X5|9ahc9Y/V,[0T'W�j8`0[0T5�7Y/`xXda%`AcLXrT@µ'`
q2
max �^T'WB�%`0Y<XdaUT^X:T5f/`JW,*��l`Ef3XdaUT'Z (mB −mπ)2 $�¬ a7`�_UT^Y;a7`A_�W,V,Z%`qV1W,Wc�7Y/X;fBT^X>`0Y<*!Z7`xY;�7[?a
Z%*!Z���|,akc�Y/V,[dT^W=[0T'Y>` © a7T���V1Z9e δ = 1.5

$`ª Z-Xda7`³jj*^X>XB*5gã|7W,*'X © Xda%`��^T'WB�%`q*^M δ V,Y�w,Ì9`0_ $j¬ a7`
f/`0_-W,V1Z7`0Y�V1W,WB�%Y/Xdf>T^XB` α = 0.01, 0.31, 0.61, 0.91

© M}f>*5g jj*^X>XB*5gìXB*)XB*'| $U¬ a7`q[E�9f=�'TtXd�9f/`q*^M
X;a7`mM}�7Z7[fXBV1*!Z�V,YKV1Z*�!`Ef/Y>`A_CM2*0f α < 0

$^¬ a7`<_UT'Y;a%`0_CW,V,Z%`+V,W1WB�7Y�Xdf>T^XB`AYe*!Z7`�YC�7[?a)Z7*!Z���|9ahc�Y>V,[0T'W
[0T'Y>` © aUT(��V,Z9e α = −1
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∆B(q2)/B Y/|j`A[AXdfC�9gã*0j%XBT'V,Z%`0_��<V1X;a7*0�%X q2 ���7Z9M2*!W,_7V1Z9e

¬ a7`:Y/XrT@f�a7V1Y/XB*5e0fBT5gºV,Y+*5�9flZ%*0g;V1ZUT'W ∆B(q2)/B Y>|8`0[AX;f;�9g © �<V1Xda q2 � �7Z%M2*!W1_7V,Z9e $!¬ a7`
f/`0_H_%*'XBY+T5f>`3*0j%XBT'V,Z7`A_;M}f/*0g�Xda7`«fBT(� q̃2 c�V,`AW,_7Y © �<VbXda7*5�%X��%Z%M2*!W,_%V,Z9e $ 6p`¬�%Y>`0_;Xda7`5YBT5gC`
`fëC[0V,`AZ7[Ac���Y�XdfC�7` q2 �~V1W,Wc�7Y/X;fBT^X>`0_¢jhc _eVce $7"%$b��p 
lX>*§g?T5µ^`¨jj*'X;a�a7V,Y�XB*0e0f>T5gCY $

Z5Y:[dT^ZWjj`qY>`A`0Z © Xda7`MLA*!Y/[0V,W1W]T^X>*0f/c4E�M9�7[AX;�UT^XBV1Z9e�j8`EaUT(��V,*0fNLqV1YR��V,Y/VBj7W1`qT'WBf/`dT'_%c@V1ZgX;a7`
f/`0_�_%*'XBY«a7V,Y�XB*0e0f>T5gã*0j%XBT'V,Z%`0_n�<VbXda7*5�%X¬�%Z%M2*!W,_%V,Z9e $U¬ a%`0Y>`¡fBT'Z7_%*0g M`�7[AX;�UT^X>V,*!Z7Y3*'MiX;a7`
f/`0_p_7*'XBY�a7V,Y�XB*0e5fBT5g T@f>`;T5g;|%W,V1w7`0_¶jhc
X;a7` q2 � �7Z%M2*!W1_7V,Z9e@|9f/*9[A`0_9�,f>` $ 6p`;Xda%V,Z9µ�X;a7V,YqT
|8`Ef�M2`0[fXBW1c6Z%*0f;g;T'W*j8`EaUT(��V,*0f�X;aUT^XNV,Y�XrT5µ^`0Z�V1ZhXB*5T'[0[A*0�7ZhX»jhc6*0�9f=Y/XBT^XBV1Y/X>V,[dT^W*�7Z7[0`if/XBT'V,ZhXBV1`0Y ©
�ba%V,[?aLT5f/`:V1Z7_7`0`A_HY>Vce!Z7VbwU[dT'ZhX>W1c�V1Z7[Ef/`dT'Y/`0_¢jhcCXda7` q2 � �7Z%M2*!W1_7V,Z,eq|,f>*�[0`0_,�9f>`H��Xda7V1Yl[0T'Z¢j8`
Y/`0`AZvV,Z ¬ T5j7W1` "%$RQº© m9`0[fX $�"%$�"%$ ¯ 
 $¬ a7`+*0f>Vce!V,Zq*'MUXda%`+|UT^X/XB`if>Z�V,YyXda·�7Y[f>T'Z7_7*5g�M9�7[AX;�UT^XBV1*!Z7YN*'MUXda7`¼fBT(�sc�V,`0W1_7Y��ba7V,[?a)T5f/`
T@g;|7W1V1wU`A_¨jkcnX;a7`<�7Z%M2*!W1_7V,Z9e<|9f/*9[A`0_9�,f>` $t¬ a7`lT5gC|7W,VbwU[dT^X>V,*!Z:*'MU*0�9fyY�XrT^X>V,Y/X>V,[0T'W*�7Z7[A`Ef/XBT'V,Zº�
X>V,`AYUjkc?Xda7` q2 ���7Z9M2*!W,_7V1Z9e�T^WBe!*0f/V1X;a9g¼[0*0�7W1_�jj`¦f/`0_9�7[A`0_ jhc��7Y>V1Z9eCT�g;*0f/`.Y>*'|9a7V,Y�XBV1[dT^X>`0_
T^WBe!*0f/V1X;a9gãV,Z*�!*'Wc��V,Z9e�f>`ie0�7W]T@f>VB£0T^XBV1*!Z $U¬ a7V1Y¬�l*0�7W,_¥a%*��l`i�'`Ef6V,ZhX;f>*�_9�7[0`JZ7`i�§Y/c�Y/X>`Eg;T^XBV1[
�%Z7[0`if/XrT^V,ZhXBV1`0Y;T'Z7_u[A*0g;|%W,V,[0T^XBV1*!Z7Y�V1ZaX;a7`vT^ZUT'W1c�Y/V,Y $ m9V1Z7[0` �+`g[dT'Z\T�	j*0f>_�Xda7`gV,Z7[if>`dT��
Y/`0_aY/XrTtXBV,Y�XBV1[dT'W¼�7Z7[0`if/XBT'V,ZhXBV1`0Y © �+` aUT(�!`-[?a7*!Y/`0ZaX>*�Z7*'Xh�7Y>` gC*0f>`L[A*0g;|%W,`�Ì¤�7Z%M2*!W1_7V,Z,e
T^WBe!*0f/V1X;a9g;Y $
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X;�7_7`<*'M�Xda%` � ÄQ¥ g?TtXdf>VyÌ�`AW,`ig;`AZkX Vub T'YKXda7`AVBf[j9f>T'Z7[?a7V1Z9enM}fBT'[fXBV1*!Z7Y³�½Ã $ _ $ 
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X>* |Vub| jkcLX;a7`.M2*!W1W,*��<V,Z9e¡f>`0W,T^XBV1*!Z� 

|Vub| =

√

B.F.(B → Xu`ν`)

x · τB
� Ë $1� 
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�ba%`Ef>` τB V,Y3Xda7`xW,VbM2`AXBVcg;`n*^MiXda7` B g;`AY>*!Z�T^Z7_ x V1Y¬e!VH�!`0Zljkc-Xda%`If>`AW]T^X>V,*!Z  Γth(B →
Xu`ν`) = x|Vub|2

©
Γth V,YmX;a7`nXda7`A*0f>`fXBV,[0T'W#|UT@f/XBV,T'Wo_%`0[dTdc�f>T^XB` $¬ a7`lY/X;�7_%cx*'MU`�Ì9[AWB�7Y/Vc�!`lY>`ig;V1W,`0|9XB*!Z7V1[ B → Xu`ν` _7`0[0TDc�YK*�	o`if>YeY/*0gC`l`ÞÌ%|8`Ef/VBgC`0ZhXrT^W

T^_,�^T'ZhXrT5e!`AY;[A*0gC|UT5f>`A_�X>*­T^Z\V,Z%[0WB�%Y>Vc�'`@Y/Xd�%_%cs*'MnT^W,W b → u`ν` _7`A[dTdc�Y © Y;�7[?a©T^YCX;a7`
|8*!Y/Y>VBj%V,W,VbX�c?*^MÂµ^`0`0|%V,Z9e?T§a%VBe0a7`if�M}fBT'[fXBV,*'ZL*'MeX;a7`6|9aUT'Y/`xY/|UT'[0`xT'Z7_-|8`Ef;gCV1X/XBV1Z9e�T§jj`fX>XB`if
j7T'[?µ·e0f>*0�%Z7_�f>`*\/`A[AX>V,*!Z $ ¿ Z{Xda7`H*^Xda7`ifIaUT'Z7_ © V1XJ_7`dT'W1Y��<VbXda�W,*��l`Ef�Y�XrT^X>V,Y�XBV,[AY�T'Z%_�V1X�V1Y
T�	o`A[AXB`A_Wjhc-W]T5fCe!`nXda7`A*0f>`fXBV,[0T'Ww�7Z7[A`Ef�XrT'V1ZkX>V,`AY:T5f/V,Y/V,Z9e)M}f>*0gÇX;a7`q[dT'W1[E�7W,T^XBV1*!Z@*'MeX;a7`5ú Ú Ð·û
úAÏ�Öfõ Ú ÐBØl_7`0Y/[Ef>Vcj7V,Z,e3X;a7`+Y�Xdf>*'Z9e5V1ZhXB`Ef>T'[AX>V,*!Zq`�	j`0[fXBY=*!ZxX;a7`<aUT'_9f/*!Z7VB£0T^XBV1*!Z6*'M%X;a7`�_7V
	j`Ef/`0ZhX
Xu wUZUT'W�Y/XBT^XB`AY $k¬ a7`AY>`2�7Z%[0`Ef�XrT'V1ZhXBV,`AY�V,Z)Xda7`<M2*0f;g§M~T'[AX>*0f>Y�W,`0T'_)XB*q_7V
	j`Ef/`0ZhX+|,f>`0_%V,[AX>V,*!Z%Y
*^M#Xda7`3Y;a7T'|j`5*'MoX;a7`:_%V
	j`Ef>`AZhXBV]T^WU_7`0[0TDchf>T^XB`b�ba7V,[?a © V1ZCX;�9f>Z © c�V,`AW,_C_7V
	j`Ef/`0ZhXm|,f>`0_%V,[AX>V,*!Z%Y
M2*5f;Xda%`Wg;*5g;`AZkX;�9g Y>|8`0[fXdf;�,g *'M6Xda%`�W,`A|%XB*!Z ` © Xda7`lg;`AY>*!Z Xu T'Z7_©VbXBY;_UT5�9e0ahX>`Ef>Y $¬ a%`qYC�9j7Y/` �·�7`0ZhX«�'T@f/c�V,Z9e)`fë;[AV,`AZ7[0V1`0YmM2*0fmX;a7`6`�Ì9|j`if>Vcg;`AZkXBT'W#[i�%XBY<W,`0T'_HXB*§�7Z%[0`Ef�XrT'V1ZhXBV,`AY
V1ZªX;a7`´g;`0T'Y;�9f/`0_Åj9fBT'Z%[?a7V,Z9e�M}fBT'[fXBV1*!Z7Y $�¬ a%`pXda%`0*0f/`AXBV1[dT'W¦�%Z7[0`if/XrT^V,ZhXBV1`0Y-V,Z¨Xda7`�M2*0f;g
M~T^[AXB*5f>Y;T'W,Y/*{T�	j`0[fX;X;a7`n�^T'Wc�7`0Y;*'M x $�¬ a7`Wf/`0Y;�%W1XBV1Z9e´�7Z7[0`if/XBT'V,ZhX�c�V,Z x V,Y)Xda7`gW]T5fCe!`0Y�X
Y/*0�9f/[0`+*^M`�7Z7[A`Ef/XBT'V,ZhX�cqV,Z6Xda%`+_7`fXB`EfCg;V1ZUT^X>V,*!Z6*'M |Vub| M}f/*0g�`�Ì9[0Wc�7Y>VH�!`¼j9fBT'Z%[?a7V,Z9e3M}fBT'[fXBV1*!Z
gC`dT^Y;�9f/`EgC`0ZhXBY $ª ZpT'_7_7VbXBV1*!Z © V1Z¥g?T^Zkc�T'ZUT'Wbc9Y/`0Y �~` $ e $ Xda7*'Y>`)|j`if/M2*0fCg;`A_�V,Z´ÃmT0ÃmT@f 
 © Xda7`�Y/VBgI�7W,T^XB`A_
V1Z7[0Wc�7Y>VH�!`iW1`0|%X>*!Z6Y>|8`0[AX;f;�9g�*^M`Ã�_7`0[0Tdc9YN_7*�`0YyZ7*'XNT5e0f/`0`»�<VbXdaq_UT^XrT $ m9V,Z%[0`iXda7` B → D`ν`

T^Z7_ B → D∗`ν` T5f>`mX;a7`Ug;*'Y/X�T5j,�7Z7_UT'ZhX�*'MjT'W1W B _7`A[dTdc�Y © V1XeV,YKW1VBµ^`0W1cqXda7T^X�T^XKW,`dT^Y/Xi|UT@f/X
*^MlX;a7`;_%V,YBT@e0f>`A`EgC`0ZhXq[0*0�7W1_
T5f>V1Y>`�M}f>*0gàT��bf/*!Z9e@Xda7`A*0f>`fXBV1[dT'WKV1Z7|9�%X6X>*-X;a7`)Y>VBg¡�7W]T^X>V,*!Z
M2*5fKXda7`AY>`:_%`0[dTdc�Y $¬« ehT'V,Z © Xda7`RgC*!Y/X�W1VBµ'`AW1cJY>*0�9f/[0`3*'Mj`Ef;f/*0f�[0*0gC`0YiM}f/*0gºXda%`<M2*5f;gºM~T'[fXB*0f/Y
M2*5f<X;a7`0Y/`J_7`A[dTdc�Y $ m9V,Z7[A`qX;a7`6Xda7`A*0f>`fXBV,[0T'W�M2*0f;gÇM~T^[AXB*5f3|,f>`0_%V,[AX>V,*!Z%Y3[A*��!`Ef.Thf>T^Xda7`if5W,T5f;e'`
f>T'Z9e!` © V1X.V,Y.Z7`A[0`AY>YBT@f/c�XB*L`AY/XrT@j7W,V1Y;a�`�Ì9|8`Ef>Vcg;`AZhXrT'W1W1c��ba7V,[?a�Xda%`0*0f�cWj8`0Y/Xq_7`AY>[if>VBj8`0YnX;a7`
_7T^XrT $e¬ a7V,Y§f>`��·�7VBf/`0Y�Xda7`@|8*!Y>Y/VBj7V1W,VbX�cp*^M«�^T5f�c9V1Z9e�Xda%`@X;a7`0*5f>`AX>V,[0T'W�T'Y/Y;�9gC|%XBV1*!Z7Y)T^X)X;a7`
Y/VBgI�%W]T^X>V,*!ZHW1`i�'`0W $« X>*9*'W=X>*�jj`�_%`0Y>[if>Vcjj`A_
V1ZvXda%V,Y:|7T'|j`if2aUT'Y¬jj`A`0Z�[Ef/`dT^X>`0_�M2*0f5X;a7V,Y:|9�9f>|8*!Y/` $óª X¬�<V,W,W
|8`EfCg;VbXlX>*�YC�<VbXB[?a@`dT^Y>V,Wbc§jj`fX��+`A`0Z��^T5f>V1*0�7YlM2*5f;g½M~T'[AX>*0f�ahc�|8*'Xda7`AY>`AY5T^Z7_QE^*0f�XB*I�^T5f�c;X;a7`
|7T5fBT5gC`AX>`Ef/Yi*'MjT2e!Vc�'`0Z§ahc9|8*'X;a7`0Y/V,Y © �<VbXda7V1Z)T:M}�7W,W9Y/XBT'Z7_UT5f/_�²6`0T'ZhX Ë ¥g*!ZhXB` � T5f/W,*H�­¥ � 

Y/VBgI�%W]T^X>V,*!Z6M}fBT5gC`i�l*0fCµ $t¬ a7`UjUT^Y>V,[l|9f>V1Z7[0V1|7W,`�*'MUX;a7V,YNZ7`i��XB*�*!W�V,YNX>*2e!`AZ7`Ef>T^XB`m`��!`AZkX>Y�T'Z7_
fC�7Z�Xda7`�M}�%W,WeY/VBgI�%W]T^X>V,*!ZvT'Z7_¶f>`A[0*!Z7Y�XdfC�7[AX>V,*!Z�Y>`��·�7`0Z7[A`?*!Z%W1cg*!Z7[0` © �<V1X;a
T¢e!Vc�'`0Z�M2*0f;g



p Ë �

M~T^[AXB*5f�ahc�|j*^Xda7`AY>V,Y $ m��,j7Y>`��º�%`0ZhXBWbc © X;a7`?`��!`AZkX>Y�Xda·�7Y�e!`0Z7`ifBT^X>`0_�T@f>`¹f/`i�l`0Vce0ahXB`0_{T^XJX;a7`
ZhX;�7|7W,`6W1`i�!`AW7�<V1X;a@X;a7`¦�^T'WB�7`AY�|9f>*���V,_%`0_ jkc-T�_7V�	o`if>`AZkX<M2*0fCgìM~T'[fXB*0fUahc�|8*'Xda7`AY>V1Y $¬ a7`¨f/`0W,`��^T'ZhX�M2*0f;gI�%W]T'Y�T^Z7_�jUT'Y>V1[n|9f>V1Z7[0V1|7W,`AYm*'MyXda%`6M2*5f;g¼M~T'[AX>*0fUf>`��+`AVBe0ahXBV1Z9e�XB`A[?a��
Z%V �·�7`-T5f>`L|,f>`0Y/`0ZhXB`A_uV,Z�m9`A[AX $ Ë $äp�$[ª ZYm9`A[AX $ Ë $O"�© Xda7`@Y�Xdf;�%[AXd�,f>`-*'M5X;a7`@Y>*'M�X��+T5f/`-X>*9*!W
_%`i�!`AW,*!|%|j`A_­M2*0fnXda7V1Yx|,�9f>|8*!Y>`;T'Z7_�a7*��½XB* �7Y>`;V1XxT5f/`C_%`0Y>[if>Vcjj`A_ $�ª Z
XdaUTtXJY/`0[AX>V,*!Z © �l`
T^W,Y>*nYCa7*��®a7*���XB*6V,Z7[A*0f>|8*0f>T^XB`mZ%`i�uM2*0fCg§M~T'[fXB*0fÂakc�|8*'Xda%`0Y>`AY+V1Z�Xda7`�XB*�*!W $ m9`��!`ifBT'Woa7V1Y/XB*Æ�
e5fBT5gCY æ X;aUT^X�_%`EgC*!Z7Y/X;fBT^X>`5X;aUT^X+X;a7`:X>*9*!W8V,Y<�+*5f;µkV,Z9eJ|9f>*!|8`Ef/W1c;T5f/`.Y;a7*��<ZLV1Z�m9`0[fX $ Ë $ Ë $« YBT5gC|7W,`:*'M\µ�V1Z7`Eg;T^X>V,[dT^W8_%V,Y/X;f>Vcj9�%XBV1*!Z7Yl[dT'W1[E�7W,T^XB`A_¢�<V1XdaL_%V
	j`Ef>`AZhXmM2*0f;g¼M~T'[fXB*0fPgC*�_7`0W1Y
T@f>`n[0*5g;|UT@f>`0_-V,Znm9`A[AX $ Ë $ ¯ $7¬ a7`q[0*!Z7[AWB�7Y/V,*!Z%Y<T5f>`¨e!VH�!`0Z@V1Zlm�`0[AX $ Ë $   $
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¬ a7`3`�Ì9[AWB�7Y/Vc�!` B → Xu`
+ν` _7`A[dTdc�Y � �ba%V,[?aC[0*0�7W1_�j8`<Y/X;�7_7V,`A_��<VbXda)Xda7V1Y�X>`0[?a7Z%V �·�7`

T@f>`  B+ → π0/η/η′/ρ0/ω`+ν` T^Z7_ B0 → π−/ρ−`+ν`

$°« Y¡�<V1W,W�jj`?Y;a7*��<ZsV,Z�m�`0[AX $Ë $äp9$ Ë © X;a7`5_%V
	j`Ef>`AZhXBV]T^WU_7`0[0TDchf>T^XB`AY+T5f/`5_%V
	j`Ef>`AZhXlM2*0f�|7Y/`E�7_%*@��Y/[dT'W,T5f+T^Z7_��'`0[AX>*0f<g;`AY>*!Z7Y $¬ a%` B0 © B± © π± © π0 © η T'Z%_ η′ gC`0Y>*'Z7Y<T5f>`6T^W,Wo|%Y>`E�%_7*@��Y/[dT'W,T5f�|UT5f�XBV1[0W,`AY © �ba7V,W1`:Xda%` ρ± ©
ρ0 T'Z%_ ω gC`0Y/*!Z7Y)T5f/`¹�!`A[AX>*0f�|UT5f�XBV,[AW,`AY $�« YI�+`AW,W © X;a7`�g;*'Y/X�T@j9�7Z7_UT^ZkX B → Xc`

+ν`

_%`0[dTdc�Y © B → D`+ν` T'Z7_ B → D∗`+ν`

© V,Z*�!*!WH�!` D |7Y/`E�7_%*@��Y/[dT'W,T5f�g;`AY>*!Z%Y)T'Z7_ D∗

�'`0[fXB*0fRg;`AY>*!Z%Y $

x�scv7scv ±l{ � � ��� |�{S;*~¡�o�¬~E� � { > � � |�� � {�; � ��; �oB ~
« Y>`EgCV,W1`0|%X>*!Z7V1[ B → X`ν _%`0[dTdc;V,Y¼e!`0Z7`ifBT'W1W1c�_%`0Y>[if>Vcjj`A_¢jhc;X;a7`5M2*!W1W,*��<V,Z,eq|,f>*�[0`0Y/Y $¬ a%` B gC`0Y>*'Zsw9f>Y/XC_7`A[dTdc�Y;V1ZhXB*
TW�9Vcf/X;�UT'W W± jj*'Y>*!ZaT'Z7_�T'Z X g;`AY>*!Z��ba7V1[?a\T5f/`

`ig;VbX>X>`0_�jUT'[?µsXB*±j7T'[?µsV,ZsXda7` B M}fBT5gC` $i¬ a%`n��VBf�Xd�UT'W W± j8*!Y/*!ZaX;a7`0Zu_%`0[dTdc�Y?X>*{T
W1`0|%X>*!Z-T'Z7_-T�Z7`E�9Xdf>V1Z7*I�ba7V1[?avT5f/`n`EgCV1X/XB`0_�j7T'[?µ?XB*§jUT^[?µHV,ZLXda%` W± M}f>T5g;` © �ba7V1W,`.X;a7`
X g;`AY>*!Zv_7`0[0TDc�Y.V1Zn�^T5f/V,*0�7Yb�+TDc�Y $o¬ a7`IµkV1Z7`Eg;T^XBV1[0Y<*'M�YC�7[?a�Y>`ig;V1W,`0|9XB*!Z7V1[n_7`0[0Tdc9Yn[0T'Z
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C++
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p Ë S

j8`�[A*0g;|%W,`AX>`0Wbc@_7`0Y/[Ef>Vcjj`A_¥jhcgX;a9f>`A`�T'Z9e!W1`0Y( θ`

©
θV T'Z7_ χ _7`Aw7Z7`0_�V,ZW_eVBe $ Ë $b� T'Z%_Wjhc

q2 © X;a7`6V,Z*�^T5f>V,T'ZhXUg?T^Y>Y�Y,�·�UT@f>`0_g*'M=Xda7`¦��VBf�Xd�UT'W W± j8*!Y>*'Z $`ª Z-X>`EfCg;Y�*'M Ë � g;*0gC`0ZhXBT  

q2 = (p` + pν)
2 = (pB − pX)2 � Ë $äp 


¬ a%`6M2*5�9fU�'T@f>V]T@j7W,`AY�T5f>`.X>*'XrT^W,W1c��7Z7[A*0f;f/`0W,T^XB`A_ $9ª Z@Xda7` B M}fBT5gC` © q2 V,Y3T'W1Y>*�e!VH�!`0Z jhc� 

q2 = m2
B +m2

X − 2mBEX � Ë $O" 


�����UÊ Ë $b�?(µ§ `fwUZ7VbXBV,*'Z�*^M:Xda%`gT^Z9e!W,`AY θ`

©
θV T'Z%_ χ V1Z�Xda7`-[dT'Y/`g*^M5X;a7` B X>*´�'`0[fXB*0f

Y/`EgCV,W1`0|%X>*!Z7V,[+_7`0[0TDc B → D∗`ν
©
D∗ → Dπ

$
θ` V,YiX;a7`«a%`0W,V1[0VbX�c�T'Z9e'W,`<*'MoX;a7` W± j8*!Y>*!Z ©

X;a7`CT'Z9e!W1`Ij8`AX��l`0`0Z
Xda7`)_7Vcf>`A[AXBV1*!Z�*'M�Xda7` W jj*'Y>*!Z¶j8*9*!Y�XB`A_pV1Z�Xda7` B M}fBT@g;`�T^Z7_
X;a7`
_%VBf>`A[AX>V,*!Z�*'M�Xda%`CW1`0|%X>*!Z¥j8*9*!Y�XB`A_pV1Z�Xda7` W± M}fBT5gC` �}�ba%`Ef>`)Xda%` ` T'Z7_ ν T5f>`�`ig;VbX>X>`0_
j7T'[?µ?XB*hjUT'[?µe
 $ θV V,YmX;a7`¨a7`0W1V,[0VbX�cHT^Z9e!W,`n*^MNX;a7`V¶ gC`0Y/*!Z © a%`Ef>`nX;a7`qT'Z9e!W1`¦jj`fX��+`A`0ZvX;a7`
_%VBf>`A[AX>V,*!Z�*^M8X;a7` D∗ gC`0Y/*!Z§jj*�*!Y/X>`0_�V1ZJXda7` B M}f>T5g;`+T'Z7_�X;a7`�_7VBf/`0[fXBV1*!Z�*'M�Xda%` D g;`AY>*!Z
j8*�*!Y/X>`0_LV,ZHX;a7` D∗ M}f>T5g;` �}�ba7`if>`.X;a7` D T'Z7_ π gC`0Y/*!Z7Y<T5f/`.`EgCV1X/XB`0_¹jUT'[?µ?X>*�jUT'[?µe
 $ χ
V1YmXda7`qT'Z,e!W,`¦j8`AX��l`0`AZgXda%` ~W × ~̀ |7W,T'Z7`6T'Z%_-X;a7` ~D∗ × ~D |%W]T'Z7` $

�ba%`Ef>` EX V1YlX;a7`:XB*^XrT'W�`0Z%`Ef;e^cH*'M�X;a7` X gC`0Y/*!Z $,ª X+V,Y+T'W,Y/*�*'MyV,ZhX>`Ef>`AY/XmX>*�Z7*'X>`5X;aUT^XmX;a7`
g;T5e!Z%V1Xd�%_7`5*^M�Xda7` " ��gC*0g;`AZhXd�9g ~pX T'Z7_ q2 T5f>`«�7Z7V
�º�%`0W1c�f>`AW]T^X>`0_¢jhc �|� $ Ë $ Ë V,Z?X;a7` B
M}f>T5gC`] 

| ~pX | =

√

(m2
B +m2

X − q2)2

4m2
B

−m2
X � Ë $ Ë 




p ¯ &
x�scv7scr zw� �@� � � ;5|�� � ~

¬ a7`³g;T^Xdf/VHÌ?`0W,`ig;`AZhX<*'MKT�Y/`EgCV,W,`A|%XB*'Z7V,[ B → X`ν` _7`0[0TdcL[dT'Z j8`¨�bf/V1X/XB`0Z-T'Y ' �0)21  

M(B → X`ν`) = −iGF√
2
VxbL

µHµ � Ë $ ¯ 


�ba%`Ef>` GF V,Y<Xda7`¨�l`dT5µ@V,ZhX>`EfBT^[AXBV1*!Z7¿ Y¬_U`if;gCV�[0*!Z7Y�XrT'ZhX © Vxb V1Y5`AV1Xda%`Ef Vub *5f Vcb _7`A|j`AZ��
_%V,Z9e-*!Z�Xda7`)wUZUT'W�Y�XrT^X>`�gC`0Y/*!Z © Lµ V1YnXda7`CW,`A|%XB*!Z%V,[)[E�9fCf>`AZkXJT'Z7_ Hµ V,YnXda7`�aUT'_9f/*!Z7V1[
[i�9f;f/`0ZhX $o¬ a7`�W,`A|%XB*!Z%V,[q[E�9fCf>`0ZhX6V1Y«�l`0W,Wy��µkZ7*��<Z�T'Z7_�[0T'Z¥j8`�[dT'W1[E�7W,T^XB`A_v|9f/`0[AV,Y>`AW1cn�7Y>V1Z9e
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Hµ = 〈π+(p′)|uγµb|B̄0(p)〉 = f+(q2)(p+ p′)µ � Ë $   
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Hµ = 〈ρ+(p′, ε)|uγµ(1 − γ5)b|B̄0(p)〉

� Ë $RQ 

=

2iεµναβ

mB +mρ
ε∗νp

′
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dΓ(B → S`+ν`)

dq2d cos θ`
= |Vxb|2

G2
F

32π3
| ~pS|3 sin2 θ`|f+(q2)|2 � Ë $OS 




p ¯ "
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©
H−(q2) T'Z%_ H0(q

2) T@f>`¦µkZ7*��<Z�T'YmX;a7`¨a7`0W1V,[AV1X�c?T5g;|%W,V1X;�7_7`AY+*'M
X;a7`��'`0[fXB*0fIgC`0Y/*!Z $y¬ a7`fc{T5f/`¹f/`0W]TtXB`0_ ' æ}å*/21 XB*-Xda7` % ��§ M2*0f;gêM~T^[AXB*5f>Y A1(q

2)
©
A2(q

2)

T^Z7_ V (q2) _7`0Y/[Ef/VBj8`0_-V,Znm9`0[fX $ Ë $qp9$�"%$9ª ZhXB`ie0fBTtXBV,Z,eC*5�%X<Xda7`qT'Z9e'W,`0Y © ��� $ Ë $1�'� j8`0[A*0gC`0Y  
dΓ(B → V `+ν`)

dq2
= |Vxb|2

G2
F | ~pV |q2

96π3m2
B

×
(

|H+(q2)|2 + |H−(q2)|2 + |H0(q
2)|2
) � Ë $1��p 


« Y?[dT^ZYjj`gY>`A`0ZuM}f>*5g �|�kY $ Ë $.� T'Z%_ Ë $b�!�0© Xda7`-M2*0f;g M~T^[AXB*5f>Y?V1ZhXdf>*�_9�7[A`vT�g;*�_7`0W
_%`0|8`0Z7_7`AZ7[0`LV1ZpX;a7`?|9f/`0_7V1[AX>V,*!Zp*'MmXda%`?Y;a7T'|j`;*'MmX;a7`?_7V�	o`if>`AZkX>V]T'W�_7`A[dTdc�fBT^X>`0YJ*^MUjj*^Xda
|%Y>`E�%_7*@��Y/[dT'W,T5f5T'Z7_��!`0[fXB*0f«g;`AY>*!Zg_7`0[0Tdc9Y $o¬ a7V1YR�<V1W,W7j8`qY;a7*��<Z�`ÞÌ%|%W,V,[AV1X>W1cHV1ZWm�`0[AX $ Ë $ ¯ $
6¨VbXda©Y�XrT'Z7_7T5f>_©|9f/*9[A`0_9�,f>`0Y © Xda7V1Y?Xda%`0*0f/`AXBV1[dT'W«�7Z7[A`Ef/XBT'V,ZhX�c\V,Z\X;a7`�Y;aUT^|j`�*'M6X;a7`�_7VbMu�
M2`if>`AZkX>V]T'W:_7`0[0TDcÎf>T^XB`�W1`dT'_7YHX>*�T­��Xda7`A*0f>`fXBV1[dT'W �W�7Z%[0`Ef�XrT'V1ZhX�c©V,Z©Xda%`
`fëC[0V,`AZ7[Ac¨*^MxX;a7`
`ÞÌ9|j`if>VBgC`0ZhXBT'W#[E�9XBY © T'Z%_-X;aº�%Y3*'Z-X;a7`¨g;`0T'Y;�9f/`0_ j9fBT^Z7[?a7V,Z,e)M}f>T'[AX>V,*!Z $
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« �7Y/`AM}�7W7M2`0T^Xd�,f>`�*'M�Xda%`mM2*0f;g�M~T'[AX>*0f[f>`��+`AVBe0ahX>V,Z9e.X>*9*!W9V,YeX;aUT^Xi`��!`AZkX>Y+T@f>`Ue!`AZ7`Ef>T^XB`A_ ©
M}�%W,W1c;Y>VcgI�7W,T^XB`A_LT'Z7_ f>`A[0*!Z7Y�XdfC�7[AX>`0_v*'Z7W1c;*!Z7[A` © �7Y/V,Z9eCT�e!Vc�'`0ZLM2*0fCgìM~T'[fXB*0fUahc�|j*^Xda7`AY>V,Y $¬ a%`5|9f/*0jUT5j%V,W,VbXBV1`0Ye*^M7e!`AZ7`Ef>T^XBV1Z9e6`i�!`AZhXBYmT@f>`�Xda7`AZ¹f/`i�l`0VBe5akX>`0_CXB*xT'Zhc)*'Xda7`ifiM2*0f;g�M~T'[AX>*0f
gC*�_7`0WUTtX�X;a7`<ZhXd�7|7W1`<W,`i�'`0W $ m��7[?aHTnXB`A[?a7Z7V
�º�%`5|9f/`0Y/`0ZhXBYl`0Z7*0fCg;*5�7Y�T'_,�^T'ZhXrT5e'`0Y�V,Z�XB`if;gCY
*^M?MU`�Ì9VBj%V,W,VbX�c © XBVcg;` ©%��¹�� f/`0Y>*5�9f>[A`0Y�T'Z7_�_7V1Y;µqY>|UT^[0`Uf>`��·�7VBf/`0_ © [0*0gC|UT5f/`0_�XB*¦e'`0Z7`ifBT^X>V,Z9e ©
M}�%W,W1caY>VcgI�7W,T^XBV1Z9e�T'Z7_ f>`A[0*!Z%Y/XdfC�7[AX>V,Z9e�Y>`A|UT5f>T^XB`
_UT^XBTsY>T5gC|7W,`AY@M2*5fL`dT'[?aªM2*0f;g M~T'[AX>*0f
gC*�_7`0WoX>*§jj`6V,Z*�'`0Y/X>VBehTtXB`0_ $

²nVc�'`0Z@Xda7`6`i�'`0ZhXBYRe!`AZ7`Ef>T^XB`A_n�<V1X;a-T)[A`Ef�XrT'V1Z-|,f>*0jUT@j7V,W1V1X�chjhc-T)Y/|j`A[0VbwU[nM2*0f;gáM~T'[AX>*0f
gC*�_7`0WN² © Xda7`5|9f>*0j7T5j7V,W1V1X>V,`0Ye*'M7e!`AZ7`Ef>T^XBV1Z9eJ`��!`AZkX>Y�T'[A[0*0f/_7V,Z9eqXB*JTq_7V�	o`if>`AZkXlM2*0f;g§M~T'[AX>*0f
ahc�|8*'Xda7`AY>V1Y ¿ © T5f>`�*0j%XBT'V,Z%`0_¡jhcqT'|%|7W1c�V,Z,e:TU�+`AVBe0ahX w X>*3X;a7`�|9f>*0j7T5j7V,W1V1X>V,`0Yo*'M`e!`AZ7`Ef>T^XBV1Z9e
X;a7`:`��!`AZkX>Y�*'M#X�c�|8`¨² $'º *0flTJ|7Y/`E�7_7*Æ��Y>[0T'W]T@f�gC`0Y>*'Z?_7`A[dTdc © X©»7`¬�l`0VB¼1»hXBY+T%½>`5_7`AwUZ%`0_@T'Y  

w =
(dΓ(B→S`ν)

dq2d cos θ`
)O

(dΓ(B→S`ν)
dq2d cos θ`

)G

� Ë $1�D" 


T^Z7_-M2*%½<T��'`0[fXB*1½c¾C`0Y>*'Zg_7`A[dTdc-T'Y  

w =
( dΓ(B→V `ν)

dq2d cos θ`d cos θV dχ
)O

( dΓ(B→V `ν)
dq2d cos θ`d cos θV dχ

)G

� Ë $1� Ë 

ª Z
X©»7V1Y¨�l*1½Cµ © X6»�½>`A`;_7V�	o`]½>`AZkXT¼!`AZ7`�½>T^XB*1½/Y³�l`�½/`��%Y>`0_pXB*-[dT'W1[E�7W,T^XB`�X6»7`;V1Z7V1X>V]T'WN|�½>*Æ�¿ T ¿ V,W1V1X>V,`0YlM2*1½c¼!`0Z7`]½BT^X>V,Z�¼C`i�'`0ZhXBY $#¬ »7`AY>`J|.½>* ¿ T ¿ V,W1V1XBV1`0Y��l`�½/`xX6»7`0Za½>`i�l`0VB¼1»hXB`A_vXB*;*'X©»7`]½

M2*%½6¾ìM~T^[AXB*%½
¾;*�_7`0W1Y $7¬ »%`Q¼'`0Z7`]½BT^X>*1½>Y3T%½/`  (®ª>À ²�6nÁ7 ¬ »%V,Y�¼!`0Z%`�½BTtXB*1½ © ¿ T'Y/`0_q*!ZqT³�·�UT(½;µY¾C*9_%`0W![0T'W,[i�7W]T^X>V,*!Z ' å98�1 © V,Y�`ÞÌ�XB`0Z%Y>Vc�'`0Wbc
�7Y>`A_�V,Z�ÃmT0ÃmT(½ © Ã+`AW,W,`�T'Z%_ � #�� ¿ $Æª XNV,Y��7Y>`A_JM2*1½�X©»%`+Y>VB¾I�7W,T^XBV1*!Zn*'M�¼'`0Z7`]½>V,[¼ÃPÃ ¿ T%½
`i�!`AZhXBYqV,Z7[AWB�7_7V1Z�¼;X6»UT^X6*'M�X6»7` B → Xu`ν _7`A[dTdc�Y $y¬ »7`�_7V�	o`]½>`0ZhX>V]T'WN_7`0[0TDc¸½BT^X>`0Y
T%½>`�[A*1¾;|,�%XB`A_pV1Z�X©»7V1YV»kc�|8*'X©»%`0Y>V1Y¨�7Y>V1Z�¼��|�kY $��d& T^Z7_ � ÁLT'Z7_�X©»7`�M2*1½8¾¾M~T'[fXB*1½/Y
¼!Vc�'`0Z@V,Z�3<`AM $ ' å98�1 � $

° 
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Á ¯0¯
(�¹<¸gÀ.¹  ¬ »7V,Y �ZÃ ÏtØDÓVÄ � Ï�ÖrÓg¼!`0Z7`]½BT^X>*1½�»UT^Y ¿ `A`0Z��7Y>`A_LM2*1½+Y/`i�!`]½BT'W�_%`0[dTdc�Y<V,ZH*5��½
�+*1½Cµ $[ª Xw¼'`0Z7`]½BT^X>`0Y)`i�'`0ZhXBYh�<V1X©»s`��º�7T'W�|�½>* ¿ T ¿ V1W,V1X�c
V1ZaT^W,W+|8*!V1ZkX>Y�*'M3X©»7`@|�»UT^Y>`
Y>|UT'[A` $[ª ZsX©»7`@[A*!ZhXB`�Ì�X;*'M3X©»7V1Y�¼!`0Z7`]½BT^X>*1½ © X©»7`@_7V�	o`]½>`0ZhX>V]T'Wm_%`0[dTdcµ½>T^XB`LV1Y�¼!Vc�'`0Z¿ csX6»7`a½/`0W,T^XBV1*!Z� dΓ(B→X`ν)

dq2d cos θ`d cos θV dχ
= constant × |~pX |

$i¬ »7V,Y�¾;`0T'Z7Y)X©»UTtX;X6»7`
¼!`0Z7`]½BT^X>`0_ cos θl

©
cos θV T'Z7_ χ _7V,Y�X©½/V ¿ �%X>V,*!Z%YyT%½>`|M�T^X\�c»7V,W1`iX©»7`l_7V
	j`�½/`0ZhXBV,T'Wh_7`0[0Tdc

½BT^X>`n_7`0[]½>`dT^Y>`0Y:T'W|¾C*!Y�X�W,V1Z7`dT%½/W1c§�<V1X6» q2 �~Y/`0`(�|� $ Ë $ Ë T'Z7_ º V|¼ $ Ë $ Ë 
 $(�º # «i¬ %QÁ� ¬ »7V1Y?Z7`��Å¼!`0Z7`]½BT^X>*1½ ' æ}å*/21 »UT'YM½/`0[0`AZhXBW1c ¿ `0`0Z©VB¾;|%W,`�¾C`0ZhX>`0_�V,Z\X6»7`
ÃmT0ÃmT%½JY>*'M�X��+T%½>` $[ª X)_7`Aw7Z7`0Y)X©»7`L|.½>* ¿ T ¿ V,W1V1X�c
*'M3`dT'[E»�`i�'`0ZhX?T'Y�X©»7`L|.½>* ¿ T ¿ V,W1V1X�c
¼!Vc�'`0Z ¿ c�X©»7` ¹<¸gÀ.¹ ¼!`0Z7`]½BT^X>*1½q_7Vc��V,_%`0_ ¿ c�X©»7`��'T^WB�7`C*'M |~pX | V,Z
X©»7`¹Ã§M�½BT%¾C` ©
�<V1X©»vT?[E�9XC��*�	­TtX |~pX | > 0.01 GeV/c

$Nª ZvX©»7V1Y5[0T'Y>` © X6»7`J_7V�	o`]½>`AZkX>V]T'Wy_7`A[dTdca½BT^X>`
V,Yh¼!Vc�'`0Z ¿ c�X6»7`w½/`0W,T^XBV1*!Z  dΓ(B→X`ν)

dq2d cos θ`d cos θV dχ
= constant

$N¬ »7V1YT¾C`dT^Z7YqX6»UT^XqX©»7`
¼!`0Z7`]½BT^X>`0_ cos θl

©
cos θV

©
χ T'Z7_ q2 _7V,Y�X©½>V ¿ �%X>V,*!Z7Y:T%½>`�T'W,W&M�T^XnV $ ` $ T'W1W=X6»7`�`i�'`0ZhXBY

T%½>`�¼!`0Z7`]½BT^X>`0_I�<VbX©»�T^Z�` �·�UT'W9|�½>* ¿ T ¿ W1V,W,VbX�c:X6»�½>*0�.¼1»7*0�%XNX©»7V1Y Ë ��_7VB¾;`AZ7Y>V1*!ZUT'WhY/|UT'[0` $¿ MUX6»7`mX©».½>`0`
¼'`0Z7`]½BT^X>*1½>Y © X©»%V,YK*!Z%`mV,YeX6»7`�¾C*!Y/XÂ�7Y>`fM}�7W%X>*n`�Ì�X©½>T'[AXiX6»7`+M2*1½8¾�M~T'[fXB*1½/Y
*'M B → X`ν _7`A[dTdc�Y $�ª Z?|UT%½�XBV1[E�7W,T%½ © X6»7`5M~T^[AX�X©»UTtX+`��!`0ZhX>Y�T%½>`p¼!`AZ7`�½>T^XB`A_¹�<V1X6»?T'Z
` �·�UT'W�|�½/* ¿ T ¿ V1W,VbX�cxM2*1½iX6»7`5[A*1¾C|7W,`fXB` q2 ½BT^Z�¼!`<V,Y��7Y/`AM}�7WUXB*q`i�^T'Wc�UT^X>`<X6»7`3`AëC[0V1`0Z7[fc
*'M7X©»%`+`�Ì9|8`�½/V|¾C`0ZhXrT'Wk[i�%XBY © `AY>|8`0[0V,T'W,Wbc6T^X°»7V|¼%» q2 �c»7`�½/`-¾C*!Y/X°¾C*9_7`AW,Yy|�½/`0_7V1[AXÂ�'`�½�c
M2`i�å`��!`AZkX>Y $j¬ »7`T»%V|¼1» q2 `i�'`0ZhXBY:T%½>`6*'MNX©»7`¨�%X6¾;*'Y/X3V|¾C|j*%½/XrT^Z7[0`.V1Z-X6»7`6Y/X;�7_%c@*'M
W]T^X/XBV,[A` % ��§ ½/`0YC�7W1X>Y $ª Z�[0T'Y>`AY2�c»7`�½/`�X©»7`�V1Z7V1X>V]T'W�_%V,Y/X6½>V ¿ �%XBV1*!Z7Y5T%½>`T¼!`0Z%`�½BTtXB`0_¥�<VbX©»�` $ ¼ $ X©»7` ª>À 6®²QÁw¼!`Þ�

Z%`�½BTtXB*1½ © X©»%`._7V,Y�X©½/V ¿ �%X>V,*!Z%YlM2*1½�T^Zkc;*'X6»7`�½mM2*1½8¾½M~T'[AX>*1½�¾C*9_7`AW © ` $ ¼ $ X6»7`�# �
À 3«*'Z7` © �<V,W,W¿ `n* ¿ XBT'V,Z%`0_ ¿ c@T'|7|%W1c�V,Z�¼ © V1Z@X6»7`n[dT^Y>`n*'MeT B → S`ν _7`0[0Tdc © X©»7`.M2*'W,W,*��<V1Z�¼��l`0VB¼1»hXBYmXB*
X6»7` ª>À ²76nÁ�_%V,Y/X6½>V ¿ �%XBV1*!Z7Y7 

w =
|Vxb|2 G2

F

32π2 |~pS|3 sin2 θ`|f+
LCSR(q2)|2

|Vxb|2 G2
F

32π2 |~pS|3 sin2 θ`|f+
ISGW2(q

2)|2
� Ë $1� ¯ 


=
|f+

LCSR(q2)|2
|f+

ISGW2(q
2)|2 � Ë $1�   


ª M)X©»%`�YBT%¾C` B → S`ν _7`0[0Tdcå_7V1Y/X©½/V ¿ �9XBV,*'Z7Y�T%½/`Æ¼!`AZ7`�½>T^XB`A_�V,Z7VbXBV]T^W,W1c��<V1X6»åX©»7`
�é÷f¡}¡Àì/��öÀìCõRú �2÷�ôt¡wòk÷A¡Ùø0ü



Á ¯5 
º # «i¬ %hÁ¸¼!`AZ7`�½>T^XB*1½ © X©»%`-`��!`AZkX=� ¿ c*��`��!`0ZhX¢�l`0VB¼1»hX�»UT'Y © V,Z�X©»7V1Y�[dT'Y/` © Te½BTtX©»7`]½CY/V|¾C|7W,`
M2*%½6¾  

w = sin2 θ`|~pS|3|f+
LCSR(q2)|2 � Ë $1��Q 
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Ç�ÈBÉWÈSR Â = Ñ > Ô­Ö�Ë

¬ »7`-M2*1½6¾ M~T^[AXB*%½�½/`i�l`0VB¼1»hXBV,Z.¼­Y>*^M�X��mT%½/`v»UT^Y ¿ `0`AZ­�c½>VbX>XB`AZaV1Z C++ $�¬ »7`g[0*�_7`gV1Y
ù8Ð/Ï�Öfõ~ö}Ö>Ï ç�ç ÜJY/`0W1Mu��[0*!ZhXBT'V,Z7`A_ © Y/*xX©»7T^X�V1X�[0T'Z;`0T'Y>V1W1c ¿ `b�7Y>`A_?*0�9XBY>V1_7`3TnY>|8`0[0VbwU[<M�½BT%¾C`i�l*1½;µ
�2V,ZLX©»7T^X<[dT'Y/` © X6»7` � # ¸ � ¹ W,V ¿ ½BT%½/V,`0YlZ7`0`A_-X>* ¿ `6V,Z%[0WB�%_7`0_Q
 $7¬ »7`6[0*�_7`6V,YP�c½/V1X/XB`0Z��<VbX©»
T^Z�* ¿ \/`0[fX6*1½>V1`0ZhXB`A_�Y/X6½;�7[fXd��½/`�Y>*HX©»7T^XnV1X>Y._7V�	o`]½>`0ZhXnY/`0[fXBV,*'Z7YnT%½/`�V,Z7_%`0|8`0Z7_7`AZhXx*^M�`dT'[E»
*^X©»7`]½ © `dT^[E»vY>`A[AX>V,*!Z ¿ `AV,Z�¼CT)Y>`0|7T%½BT^X>`x[AW]T'Y/Y $¦º *1½�`�Ì%T%¾C|7W1` © X©»%`qY/`0[fXBV,*'ZgM2*1½�[A*1¾;|,�%XBV1Z�¼
X6»7`³µ�V1Z7`�¾;T^X>V,[¦�^T%½>V,T ¿ W,`AY<*'M À `A[AX $ Ë $ Á $ Á)V1Y5V1Z7_7`A|j`AZ7_7`0ZhX:*'MKX©»%`x*!Z%`qM2*1½3[0*%¾;|9�9XBV,Z.¼CX6»7`
_%V
	j`�½>`AZhXBV]T^W9_7`A[dTdc�½>T^XB`+M2*%½6¾I�7W,T'YKT^Z7_I�+`AV|¼1»hX>Y»�c»7V,[E»)V,Z�X;��½>Z�V1YKV,Z%_7`0|8`0Z7_%`0ZhX�*'M�X©»7`�*'Z7`
M2*%½5[A*1¾;|,�%XBV1Z�¼CX6»7`JM2*1½8¾ÇM~T'[AX>*1½>Y5*'MKX6»7`J_7V�	o`]½>`AZkXg¾;*�_7`AW,Y $U¬ »%V,Y:Y�X©½C�7[AX;��½>`�*^MiY>`A|UT%½BTtXB`
[AW]T'Y/Y>`AYg»UT(��V,Z�¼HT'Y5V1Z7|9�%X:T%½8¼0��¾C`0ZhXBY5`0V1X6»7`�½<X©»%` #�*1½>`AZhXd£���`A[AX>*1½>Y.V1ZgX6»7` # « ÃªM�½BT%¾C`6*1½
X6»7`)*0�%X>|9�%Xq* ¿ \/`A[AXBYq*'MlX©»7`)*'X6»7`�½6[0W,T'Y>Y/`0YqV,Z�X©»%`�½/`i�l`0VB¼1»hXBV,Z.¼-Y/*'M�X��+T%½>` © [A*!ZhX©½/*!W,W1`0_ ¿ c
Y/V|¾C|7W,`¦�%Y>`�½5V,ZhXB`]½/M~T'[A`0Y © c�V1`0W,_%Y5TÛ»7VB¼1»g_%`�¼1½/`0`J*^MÂ�!`]½>Y>T^XBV1W,V1X�c $U¬ »7V,Y<_7`AY>VB¼!ZvY8»7*0�7W1_�T'W1W,*��
T^Z-`0T'Y/c-T^Z7_a½/`0W1V]T ¿ W1`:VB¾;|7W1`�¾C`0ZhXrTtXBV,*'Z?*'MN`�Ì9|8`0[AX>`0_�Z%`i�«M2*%½6¾ìM~T^[AXB*%½
¾;*�_7`0W1Y $
Ç�ÈBÉWÈBÜ ÆÚÍ¦Ì­Ñ W Ð�ÎÓË¸Ð�Î�;�Ê°ÔÝÑÒË�;%Ñ = Î�Ë

¬ »7`)M2*1½8¾¾M~T'[fXB*1½V½/`i�l`0V|¼%»kX>V,Z�¼-Y>*^M�X��mT%½/`)[0*!Z7Y/V,Y�XBYq*'MlX��l*-Y>`0|7T%½BT^X>`CX>*9*'W,Y  W¶ À #�Ä6V1Z
T^Z7_Ø¶ À #��»��X º³º 6p`0VB¼1»hX © ¿ �7V1W1Xn*!Z�X©».½>`0`CV,Z.»7`�½/V1XrT^Z7[0`)W,`��!`AW,Y © `0T'[E»Æ¾;T'_7`��7|p*'Mm*'Z7`)*1½
¾C*1½/`i[0W]T^Y>Y>`AY $�¬ »7`�XB*!|qW,`��!`AW�[AW]T'Y/Yy*'M7`0T'[E»xX>*9*!W'V,Y#X©»%`¼�7Y/`�½i¿�Y=V,ZhXB`]½/M~T'[A`iM�½>*1¾ �c»%V,[E»�T^W,W'X6»7`
W1*��+`]½+[0W,T'Y>Y/`0Y�T(½>`:V1Z�»7`]½>V1X>V,Z�¼ © _7V|½/`0[AX>W1c)*1½lV,Z7_%V|½>`A[AX>W1c $�« W,W`�^T%½>V,T ¿ W1`0Y�*1½lM}�7Z%[AXBV1*!Z7Y�Z7`0`A_7`0_¿ c6X©»%`��7Y/`�½KT(½>`+_%`0[0W,T%½>`A_ �}µ�Z%*��<Z)T^Y���|9��½>`<��V|½/X;�UT'W!M}�7Z%[AXBV1*!Z7Y4�9
yT^XNX6»7V,Y=W,`��!`AW%T'Z%_�_7`Aw7Z7`0_
T^Z7_��%Y>`0_CM2*1½i[0*%¾;|9�9XrT^X>V,*!Z)T^X�X6»7`<W,*��+`]½�W,`i�'`0W1Y $h¬ »7`3Y>*'M�X��+T%½/`:T%½/[E»7V1X>`0[fXd��½/`3V1Y�Y6»7*��<Z?V1Zº V|¼!Y $ Ë $ ÁJT'Z%_ Ë $O"9$9¬ »7`.X6»�½>`A`.W,`��!`AWoY/X6½;�7[fXd��½/`n*'M�X©»%`g¶ À #�ÄnV,Z?[0W]T^Y>Ym_7V,T%¼1½>T%¾ � º VB¼ $ Ë $ ÁF

�<V1W,Wy|�½/* ¿ T ¿ Wbc ¿ `xY>V|¾C|7W1V1wU`A_gV1Z�T;M}�%X;��½>`³�!`�½/Y>V1*!Z�*'MiX©»%`JY>*^M �mT%½/` $ ¿ Z�X6»7`J*^X©»7`]½Y»UT'Z7_ ©
X6»7`:X6»�½>`A`.W,`��!`0WjY/X6½;�7[fXd��½/`.*'M�X©»%`g¶ À #��»�kX º³º 6­`AV|¼1»hX+X>*9*'W � º V|¼ $ Ë $�" 
�V,Y¼�'`�½�cH`AëC[AV,`0ZhX�V1Z
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[A*1¾C|9�%XBV1Z�¼6X©»7`p½>`��+`AV|¼1»hXBV1Z�¼�T(¾;*!Z.¼qX6»7`R�^T%½/V,*0�%Y�¾C*9_%`0W,YKX>* ¿ `5V1Z*�!`0Y�XBVB¼hT^XB`A_ © T'Y<�<V1W,W ¿ `
`ÞÌ9|7W]T'V1Z7`0_@V1Z À `0[AX $ Ë $�"%$O"9$
Ç�ÈBÉWÈBÜIÈSR EPÊ�Ë¸XvÆ�ÌZ±vÔ¯Ö�ÑÒÍÚÍ >

¬ »7`�¶ À #�ÄnV,Z�X>*9*!W�[A*1¾C|9�%XB`AYCX6»7` µ�V1Z7`�¾;T^X>V,[¢�^T%½>V,T ¿ W1`0Y�_7`AY>[�½/V ¿ `0_aV,Z À `0[fX $ Ë $ Á $ Á ©
Z7T%¾;`AW1cD q2 © θ`

©
θV

©
χ
$7¬ »7`n* ¿ \/`A[AX>Y3*^M=X6»7V,YmX>*9*'WoT%½/`¦�7Y>`A_vT^YmV,Z7|,�%X<T%½8¼0��¾C`0ZhXBY ¿ cHX6»7`

¶ À #��»��X º³º 6p`0VB¼1»hXnXB*�*!WNX>*-[A*1¾C|9�%XB`�`0T'[E»�`i�'`0ZhX��l`0VB¼1»hX $#¬ »%`Û¶ À #�ÄnV,Z�XB*�*!We[0T'Z
T'W,Y/*¿ `§�7Y>`A_­T^YxTLY�XrT'Z7_7T'W,*!Z%`�M2*1½n*'X©»%`�½n|�»hc�Y>V1[0YxT'ZUT'Wbc9Y/`0Y $�º ½/*1¾¾X6»7` C++ |8*!V,ZhX6*'M<��V,`�� ©
X6»7`nXB*�*!WÀ¿ YmY�X©½;�%[AXd�.½>`qV,Y �·�7V1X>`6Y>V|¾C|7W1` © T^Y�Y6»7*��<ZvV1Z º V|¼ $ Ë $ Á $

�Y���UÊ Ë $ Á ( ¶ À #�Ä6V1Z@[0W]T^Y>Y�_7V,T%¼1½BT(¾ $9¬ »7`qT%½6½/*��<Yc¾C`dT'Z-T'Z-V,Z.»7`�½/V1XrT^Z7[0` $
¬ »7`�¶ À #\ÄnV1Z��7Y/`�½i¿�Y=V,ZhXB`]½/M~T'[A`�V,Y��7Y>`A_xX>*5_7`A[0W,T%½>`�T'W1W'X©»7`�µkV,Z%`�¾;T^XBV1[»�'T(½>V]T ¿ W,`AY#Z7`0`A_7`0_¿ c´�7Y/`�½>Yx*'M+X6»7V,Y6XB*�*!W $#¬ »7`��^T%½/V]T ¿ W,`0Y6T(½>`C_7`AwUZ%`0_�T'Z%_­[0*%¾;|9�9XB`0_­T^XqX©»7`CY>`A[0*!Z7_{T'Z7_

X6»7V|½/_vW1`i�!`AW,Y $8¬ »%`JY>`A[0*!Z%_�W,`i�'`0W=[0W,T'Y>Y © Z7T%¾;`A_a¶ À # À [dT'W,T%½dÄnV1Z © V,YR�7Y>`A_vXB*;[0*1¾C|9�%X>`xX6»7`
µkV1Z7`�¾;T^XBV1[I�^T%½>V,T ¿ W,`AY � q2 T^Z7_ θ` 
n[E»7T%½BT'[fXB`]½>VB£AV,Z�¼gT Ã�X>*g|7Y/`E�7_%*@��Y/[dT'W,T%½h¾;`AY>*!Zp_7`0[0TDc $¬ »%`:X©»7VB½>_HW1`i�'`0Wo[AW]T'Y/Y © ZUT%¾C`0_k¶ À #[��`0[fXB*1½;ÄnV,Z © V,Y<�7Y>`A_@X>*�[0*%¾;|9�9XB`5X6»7`:X��l*)T'_7_7VbXBV1*!ZUT'W
µkV1Z7`�¾;T^XBV1[U�'T(½>V]T ¿ W,`AY � θV T'Z7_ χ 
iZ7`A`0_7`A_HXB*J_%`0Y>[]½>V ¿ `3M}�7W,Wbc�T¡ÃsXB*³�!`0[fXB*1½�¾;`AY>*!Z?_7`0[0TDc $¬ »%`c¶ À #[��`0[fXB*1½;ÄnV,Z)[0W,T'Y>Y�T'WB½>`0T'_%c�[A*!ZhXrT'V1Z7YKX©»%`b�^T'Wc�7`0Yi*^M q2 T'Z7_ θ` V,Z�»7`]½>VbXB`0_�M�½/*1¾§X6»7`
¶ À # À [dT^W]T%½;Ä6V1ZL[0W,T'Y>Y $¬ »7V1Y�X>*9*'W9�mT'Y�[�½/`dT^X>`0_h�<V1X©»;T'Z;V,ZhXB`]½/M~T'[A`3Y�X©½C�7[AX;��½>`3XB*xT'W,W1*���X©»%`5`��!`0ZhX;�UT'WjT'_7_7VbXBV,*'Z
*^M+THY/`0[A*!Z7_
Y>`AX6*^Ml[AW]T'Y/Y>`AY.XB*L[0*%¾;|9�9XB`�X©»%`�µ�V1Z7`�¾;T^X>V,[¨�'T(½>V]T ¿ W,`AY._7V
	j`�½/`0ZhXBWbc $kª XnV,Y.Z%*'X
[AW,`0T%½<T^X<|�½/`0Y>`AZhX:VbMNX6»7V,Y�Y/`0[0*'Z7_vY/`AX3*'MN[0W]T^Y>Y>`AYU�<V,W,Wo`i�!`]½ ¿ `¦�7Y/`0_ $
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�Y���UÊ Ë $O"x( ¶ À #&�»�kX º�º 6­`AV|¼1»hX3[0W,T'Y>Y<_7V,T%¼1½>T%¾ $�¬ »7`qT%½8½>*��<Yc¾;`0T'ZvT^Z-V1Z�»7`]½>V1XBT'Z7[A` $
Ç�ÈBÉWÈBÜIÈBÜ EPÊ�Ë¸XvÆ�Ì|T Á ÑÒÞ
Þ-ß�Ë'ÔCXÕÊ¦Ñ�ÑÒÍWÍ >

¬ »7`e¶ À #��[�kX º³º 6p`0V|¼%»kX?XB*�*!W.T%½/[E»7V1X>`0[fXd��½/`�V,YHY8»7*��<Z»V1Z º V|¼ $ Ë $�"%$m¬ »%`�XB*!|©W1`i�!`AW
�%Y>`�½i¿�Y�V1ZhXB`�½�M~T'[0`;*'M�X©»%V,YJX>*9*!W�V1Y¡�7Y/`0_�XB*�_%`0[0W,T%½>`;X©»7`CM}�7Z7[AX>V,*!Z%Y�Z7`0`A_7`0_ ¿ c
X©»7`?X>*9*'WÀ¿ Y
�%Y>`�½mM2*%½-½>`��+`AV|¼1»hX>V,Z�¼�T^ZL`i�!`AZhX $7¬ »7`nY/`0[A*!Z7_@W,`��!`0Wj*'MyX©»7`:_7V]T%¼%½BT%¾½[A*!ZhXrT'V1Z7Y+X©»%`.[0W,T'Y>Y/`0Y
X6»UT^XJV,Z�»7`]½>VbXJM�½>*%¾éX6»7`k¶ À #��[�kX º³º 6p`0V|¼%»kXJV,ZhXB`]½/M~T'[A` $�ª Z{X©»7`AY>`L[0W,T'Y>Y/`0Y © X©»%`?M}�7Z7[fXBV,*'Z7Y
_%`0[0W,T%½>`A_vV1Z@X6»7`qV,ZhXB`]½/M~T'[A`JT%½/`³�c½/V1X/XB`0Z-*0�%X3`ÞÌ%|%W,V,[AV1X>W1c?M2*%½<X6»7`q[dT'Y/`0Y5X>* ¿ `qV,Z*�!`AY/XBVB¼hT^X>`0_
V $ ` $ M2*1½�X©»7`�Ã©XB*C|7Y>`i�7_7*@��Y>[dT^W]T%½c¾C`0Y>*'Zv_7`A[dTdc�Y:V,ZLX6»7`Q¶ À # ¹ Y>`E�%_7* À [0T'W]T%½ º³º [0W]T^Y>Y5T'Z7_
M2*%½6X6»7`hÃ�X>*��'`0[fXB*1½T¾;`AY>*!Z
_7`0[0Tdc9YxV,Z�X©»7`�¶ À #[��`0[fXB*1½ º³º [AW]T'Y/Y $y¬ »7`AY>`;M}�%Z7[AX>V,*!Z7YqT%½/`
�%Y>`0_;*!Z7WbcJXB*q[dT^W,[E�%W]T^X>`mX©»7`U�l`0V|¼%»kXZ½/` �·�7V|½/`0_)XB*Q½>`��+`AV|¼1»hX�X©»7`3|�½/* ¿ T ¿ V1W,VbX�cx*^MW¼!`AZ7`�½>T^XBV1Z�¼
T^Z{`i�'`0ZhX�M�½>*1¾ Tv¼'Vc�!`AZÆ¼!`AZ7`�½>T^XB*1½qXB*�Ta¼!Vc�'`0Z­M2*1½8¾ M~T'[AX>*1½T¾C*�_7`0W $=¬ »%`?M2*1½6¾ M~T'[fXB*1½/Y
X6»7`�¾CY>`AWc�'`0YnT'Yb�l`0W,WNT'Y3X©»7`�µ�V1Z7`�¾;T^X>V,[6|UT%½>T%¾;`fXB`]½>Y5T%½>`x[0*1¾C|9�%X>`0_�V1Zg*'X6»7`�½5[0W,T'Y>Y/`0Y $Õ« X
X6»7`mY/`0[0*'Z7_;W1`i�'`0W © X©»%`mM2*1½6¾�M~T'[fXB*1½/YiT%½>`+_7`0[AW]T%½/`0_)T'YK|,��½>`P��V|½�Xd�UT^W�M}�7Z%[AXBV1*!Z7Y³�Ù²6`fX º |7Wc�7Yu��

T^Z7_�²6`fX « W,W º�º �2
�
.X>* ¿ `H_7`Aw7Z7`0_�T'Z7_�[A*1¾C|9�%XB`A_sT^XJX6»7`?X6»7V|½/_{W,`��!`0W $e¬ »7`;X©»7VB½>_{W1`i�!`AW
[AW]T'Y/Y>`AY�T%½>`3X©»7`AZ��7Y>`A_HXB*�[A*1¾C|9�%XB`3X©»7`AY>`¨²n`AX º |7WB�7Y}�2
i*1½U²n`AX « W1W º³º ��
Â�9VB½/X;�UT'WUM}�7Z7[fXBV,*'Z7Y
*^M�X6»7`�Y/`0[0*'Z7_pW1`i�'`0WKV $ ` $ X©»%` f+(q2) *1½ A1(q

2)
©
A2(q

2) T'Z%_ V (q2) M2*1½8¾ÈM~T^[AXB*%½¬�^T'WB�7`AY
T^Y5T�M}�7Z%[AXBV1*!Z@*'M q2 M2*1½P�^T%½>V1*0�7Y
¾C*9_%`0W,Y $



Á ¯ S

)4/c2 (GeV2q
0 2 4 6 8 10 12 14 16 18 20 22

 (a
rb

itr
ar

y 
un

its
)

2
/d

q
Γd

0

5000

10000

15000

20000

25000

30000

35000

FLATQ2, no reweight

PHSP, no reweight

ISGW2-EvtGen, no reweight

ν l η →B 

Vθcos 
-1 -0.5 0 0.5 1

) (
ar

bi
tr

ar
y 

un
its

)
Vθ

/d
(c

os
 

Γd

0

5000

10000

15000

20000

25000

30000

FLATQ2, no reweight

PHSP, no reweight

ISGW2-EvtGen, no reweight

ν l ρ → 0B

�����UÊ Ë $ Ë ( �[�'`0ZhXBY\¼!`AZ7`�½>T^XB`A_®�<V1X©»aX©»7` º # «i¬ %hÁs� ¿ W]T^[?µ4
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Y¼!`AZ7`�½>T^XB*%½>Y] q2 _%V,Y/X6½>V ¿ �%XBV1*!Z7Y:M2*%½2�7Z*�+`AV|¼1»hX>`0_ B → η`ν _7`A[dTdc�Y
�2W,`fM�X<|UT'Z7`AW�
 ä cos θV _7V1Y/X6½>V ¿ �%XBV1*!Z7Y+M2*1½U�%Z·�l`0VB¼1»hXB`A_ B0 → ρ`ν _7`A[dTdc�Y ��½>V|¼%»kX<|7T'Z7`0W�

Ç�ÈBÉWÈBÉ OaÍ W ÑÒÍàÔ �âá > Ë � Ë'ÖÕÑÛÖ�Ë W Ì�ÍÏÎ � ÌÙÐ?;%ÑÒÍÏÎ � ÍWã�Ë > ×

¬ »7`a¶ À #��»�kX º³º 6p`0VB¼1»hX?X>*9*!Wc»UT^Y ¿ `0`0Z\[�½>`0T^XB`A_Y�<V1X6»uTpX6»�½>`A`���W1`i�'`0W3Y/X©½C�7[AX;��½>`gXB*
¾;T5µ^`nV1Xm`fëC[0V,`AZhX<V,ZL[0*%¾;|9�9XBV,Z.¼JX©»7`V½/`i�l`0VB¼1»hXBV,Z.¼)T%¾;*'Z�¼¡�^T%½>V1*0�7Y+M2*%½6¾¼M~T'[AX>*1½�¾C*9_7`AW,Y  
X6»7`�M2*1½8¾ÈM~T'[fXB*1½/YnT%½/`¢¾;*�_7VbwU`0_�TtX.X©»7`�X6»7V|½/_�W,`��!`AWÂ�c»7V,W1`xX6»7`�*'X©»%`�½:X��l*@W,`i�'`0W1YY½>`]¾?T'V1Z
X6»7`<YBT%¾C`�V,Z%_7`0|8`0Z7_%`0ZhXBWbc�*'M8X©»7`�M2*1½8¾§M~T'[fXB*1½/Y[�7Y>`A_ $h¬ »7`�X©»%V|½>_)W1`i�!`AWU[0W,T'Y>YiV1Z�»7`�½/V1X>YeM�½>*1¾
`AV1X6»7`�½eX6»7`�¶ À # ¹ Y/`E�7_7* À [dT'W,T%½ º�º *1½°¶ À #[��`0[fXB*1½ º³º [0W]T^Y>Y $^¬ »7`
¾;T^X©»7`]¾?TtXBV,[0T'WhM}�7Z7[fXBV,*'Z7Y
½/` �·�7VB½>`0_CXB*q[0*1¾C|9�%X>`�X©»7`<M2*1½6¾§M~T'[AX>*1½u�2Y 
iT'Y�T6M}�%Z7[AX>V,*!ZC*'M q2 T%½>`3V,Z7Y/`�½�XB`0_CV,Z)X©»%V,Y�[0W,T'Y>Y $
Ç�ÈäÇ Ã Ð > Ô¯ã�Ð.ÑÒÔ¯Í¦ÖµÍ¦ÌcÑÓÊ�ËvÎÓË W Ë'ÔCXÕÊ¦ÑÓÔ­Ö�XåÑÒË�;(Ê�Ö°Ô¯® = ËaÐ�Ö°ã�ÔÝÑÓ×�×�ÍÏÌÙÑ W Ð�ÎÓËvÑNÍWÍ >

ª ZØ¾;*'Y/X6Y>VB¾I�7W,T^XBV1*!Z7Y © X©»%`�M}�7W,WbcvY/V|¾I�7W,T^XB`A_�`i�'`0ZhXBYqXrT5µ^`CV1ZhXB*@T'[A[0*0�7ZhX6X©»%`CW1`0|%X>*!Z7¿ Yº V,ZUT'W À XrTtXB` 33T'_7V]TtXBV,*'ZP� º³À 3V
 $[¸ *��l`i�'`�½ © X6»7`@`�	j`0[AX)*^M ºæÀ 3ìV,Y�Z%*'X)V,Z7[AWB�7_%`0_�V,Z�X6»7`
½/`i�l`0VB¼1»hXBV,Z.¼-M2*1½8¾I�7W,T'Y.|�½/`0Y>`AZhXB`0_�V1Z À `0[fX $ Ë $ Á $ ¯ $I« YxT@[A*!Z7Y/` �·�7`0Z%[0` © X©»7`�¶ À #&�»�kX º�º �
6p`0VB¼1»hXKXB*�*!W�[0*0�%W,_�c�V,`AW,_�X©»%`��c½>*!Z.¼¨�l`0VB¼1»hXBY[�7Z%W,`0Y/Yi[0*1½8½>`A[AXB`A_�M2*1½ ºæÀ 3 $ 6p`�»UT(�'`<M2*5�7Z7_
X6»UT^XmX6»7`.`0T'Y>V1`0Y/XU�+TdcLT%½/*0�7Z7_HX6»7V,Yl|�½>* ¿ W,`]¾ìV1Y+XB*I�%Y>`.X©»%` #y*%½>`0ZhX;£���`0[fXB*1½�*^M�X©»7`nW1`0|%X>*!Z
[0T'W,[i�7W]TtXB`0_�M�½/*1¾ X©»7`��!`A[AX>*1½>Y;*'M:X6»7`g*^X©»7`]½C|7T%½/X>V,[0W1`0Y)*'M5X©»7`-_7`0[0Tdc\T^Y)X6»7*!Y/`�T%½/`-Z%*'X
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T�	o`A[AXB`A_ ¿ c ºæÀ 3 $o¬ »7V1YnY>*!Wc�%XBV1*!ZvXd�.½>Z7Y6*0�%X:XB* ¿ `I�'`�½�c�`�	j`0[fXBVc�'`�`i�'`0Z­V1Z�[dT'Y/`0Y¦�c»7`]½>`
X6»7` ºæÀ 3!¾C*�_7V1wU`AY+X©»%`qW1`0|%X>*!Z7¿ Y�`0Z7`]½6¼'c ¿ c@Y/`i�'`�½BT^WÂ²n`���Y $.« Y<W,*!Z.¼)T'Y�X©»7`nY>T%¾;`6W1`0|%X>*!Z
V1Y»�7Y/`0_�XB*n[A*1¾;|,�%XB`mX6»7`UµkV,Z7`]¾?T^X>V,[lT'Z�¼!W1`0YiT^Z7_�X©»7`�`��!`0ZhX��l`0V|¼%»kX © X©»%`m`�	j`0[fXl*^M8X6»7` ºæÀ 3
*'Z@X6»7`nM2*1½6¾ìM~T'[AX>*1½
½>`��+`AV|¼1»hXBV1Z�¼)V,Y�Z7`]¼!W,VB¼!V ¿ W,` $¬ »7`å»7V1Y/X>*1¼1½BT(¾;YHY8»7*��<Z«V1ZuX©»7V1YLY>`0[fXBV1*!Z �l`�½/`�[dT'W1[E�7W,T^XB`A_Î�<VbX©»©YC�7[E»«W1`0|%X>*!Z #y*Æ�
½/`0ZhXd£���`0[fXB*1½/Y $%¬ »%`Ac?T%½>`3`�Ì�X©½>T'[AX>`0_HM�½/*1¾ � ¾CV,W1W,V,*'Z�`0ZhX©½/V,`AY-¼!`AZ7`�½>T^XB`A_¹�<V1X6»?Z7*x_7`AX>`0[AX>*1½
Y/V|¾I�%W]T^X>V,*!Z $o¬ »7V,YT¼!`0Z7`]½BT^X>*1½JV1Z%M2*1½8¾?T^X>V,*!Z�V1Y��c»UTtX�V,Y³�7Y/`0_¤�<V1X6»­M}�7W1WZ¥g*!ZhXB` � T(½>W,*gY>Vy�
¾¡�7W]T^X>V,*!ZCV,Zk½>`dT^Wj|�»hc�Y>V1[0Y3T'ZUT^W1c�Y>`AY $ ¿ Z7Wbc;TJY6¾;T'W,W�Y>T%¾;|%W,`:V1Y+|�½/`0Y/`0ZhXB`A_gV1Z?X©»7V1Y+Y/`0[AX>V,*!Z $
¥-*1½>`6[dT^Z ¿ `.M2*0�7Z7_-V,Z�3<`AM $ ' æ}å*/21 $¿ ��½³½/`i�l`0VB¼1»hXBV,Z.¼.Y>*'M�X��+T%½/`
»UT'YKZ7*^X ¿ `0`0Z�X>`0Y/X>`0_)*!Z�T^Zkc B → Xc`ν _7`A[dTdc ¿ �9XKX©»7`]½>`
V1Y6Z7*v½/`dT'Y/*!ZpX>* ¿ `0W,V1`i�'`)X6»UT^XqX©»7`�½>`AY;�7WbXBY³�<V,W,W ¿ `;T'Zhc
_7V
	j`�½/`0ZhXxM�½/*1¾àX6»7*!Y>`;* ¿ XBT'V,Z7`A_
�<VbX©»LX©»%` B → Xu`ν _7`A[dTdc�Y $

Ç�ÈäÇ�ÈSR :QÎ�Í á Ë¬ÎÒÑÓÔ�Ë+×¢ÍÏÌcÑÓÊ�Ë XÏË'Ö�Ë¬ÎÓÐ.ÑÒÍÏÎ�×wÞ�Ì�Ê6E)FwÜWç :TO�ÆJ:�Ð�Ö°ã_3DÆ°4kßèÜ
¬ »7`C|�½/*!|j`]½/X>V,`0Yn*^MlX6»7`�X©»�½/`0`Û¼!`0Z%`�½BTtXB*1½/Y³�%Y>`0_
V,Z�X6»7V,Y2�l*1½;µ © T'Z%_p[0T'W,[i�7W]T^X>`0_W�<VbX©»

X6»7`\¶ À #�ÄnV,ZsXB*�*!W © T%½>`@V,W1WB�7Y�X©½>T^XB`A_ ¿ c�X6»7`g_%V,Y/X6½>V ¿ �%XBV1*!Z7Y�_7V1Y>|7W,Tdc!`0_aV,Z º V|¼ $ Ë $ Ë $i¬ »7`
_%V,Y/X6½>V ¿ �%XBV1*!Z7YqM2*1½�T'W1W�X6»7`L_7`0[0Tdcé¾;*�_7`AY�*'M3V,ZhXB`]½>`AY/XÛ»UT(�!` ¿ `0`AZ�V1Z*�!`0Y�XBVB¼hT^XB`A_ ' æ}å*/21 T'Z7_
M2*5�7Z7_aX>* ¿ `vT^Y;`ÞÌ%|8`0[fXB`A_ $�º VB¼ $ Ë $ Ë �2W,`fM�X?|UT^Z7`0W�
�Y8»7*��<Y?X©»7T^X © ¿ *'X©» © X6»7` ¹�¸gÀ.¹ T'Z7_ª>À ²�6nÁh¼!`0Z7`]½BT^X>*1½>Y�c�V,`AW,_CW,*��©Y/XBT^XBV1Y/X>V,[0Y�T^X�»7VB¼1» q2 $k¬ »7V1Y�¾;T5µ'`AY+|�½/`0[AV,Y>`3`AëC[AV,`0Z%[AcC[0*1½é�
½/`0[fXBV,*'Z7Y:_7VbëC[E�7WbX:V1ZgX©»%V,Y3V|¾C|j*1½�XrT'ZhXp½>`]¼!V,*'Z$�~|7T%½/X>V,[E�%W]T%½/W1cLVB¾;|8*1½/XBT'ZhX<M2*1½5W,T^X>X>V,[A`!% ��§
X>`0Y�XBY 
 $�º V|¼ $ Ë $ Ë ��½>V|¼%»kXq|UT^Z7`0W�
:Y6»7*��<YxX6»UT^X6X©»%` ¹�¸gÀ.¹ T'Z7_ º # «i¬ %hÁ cos θV _7V1Y/X©½/V ¿ �º�
X>V,*!Z%YJT%½/`;V1_7`0ZhX>V,[dT^W $#¬ »7V1YJV1YxT^W,Y>*-X©½C�7`CM2*%½qX6»7` cos θ` T^Z7_ χ T'Z�¼'W,`)_7V,Y�X©½/V ¿ �%X>V,*!Z%Y]' æ}å*/21 $
�3*'XB`�X6»UT^XlY>V,Z%[0`�X©»7` º # «i¬ %hÁh¼'`0Z7`]½BT^X>*1½ic9V1`0W1_7Y�M�T^Xl_7V,Y�X©½>V ¿ �%X>V,*!Z7YNM2*1½�T'W,W7X6»7`U�'T(½>V]T ¿ W,`AY
� θ`, θV , χ, q

2 
e*'M8V1ZkX>`�½/`0Y/X © V1XiT'W,W1*��<YeT.Y6¾C*9*^X©»�½>`��+`AV|¼1»hX>V,Z�¼n*��!`]½iX©»7`mM}�7W1W%|�»7T'Y>`�Y/|UT'[0` $*ª X
V1Y�X©»·�7Y3V,_7`0T'W,WbcHY;�%V1XB`A_-X>*;`��^T'WB�UTtXB`qT'Z7_-[0*1½8½>`A[AX3X©»7`q`AëC[0V1`0Z7[AV,`AY:T'Y5T�M}�7Z7[AX>V,*!Z-*'MNX©»7`AY>`
�^T%½/V]T ¿ W,`0Y $#¬ *v_7`fXB`�½8¾;V1Z7`�X©»7`;T'ZUT^W1c�Y>V1Yn[E�%X>YP½>`��·�7V|½/`0_­V1Zå½>`dT^W,V,Y�XBV1[�|�»hc9Y/V,[AYJY>VB¾I�7W,T^XBV1*!Z ©
X6»7` º # «i¬ %hÁ)T^Z7_ ¹�¸gÀ.¹ ¼!`AZ7`�½>T^XB`A_g`��!`0ZhX>Yg»UT(�!`6XB* ¿ `h½>`i�l`0VB¼1»hXB`A_ $



Á   �

)4/c2 (GeV2q
0 5 10 15 20 25

 (a
rb

itr
ar

y 
un

its
)

2
/d

q
Γd

0

5000

10000

15000

20000

25000

30000

ISGW2-EvtGen, no reweight

FLATQ2 reweighted to ISGW2

ν l π → 0B

lθcos 
-1 -0.5 0 0.5 1

) (
ar

bi
tr

ar
y 

un
its

)
lθ

/d
(c

os
 

Γd
0

5000

10000

15000

20000

25000

30000

35000

40000

ISGW2-EvtGen, no reweight

FLATQ2 reweighted to ISGW2

ν l 0π →B 

 (GeV/c)lp
0 0.5 1 1.5 2 2.5

 (a
rb

itr
ar

y 
un

its
)

l
/d

p
Γd

0

10000

20000

30000

40000

50000 FLATQ2 reweighted to ISGW2

PHSP reweighted to ISGW2

ISGW2-EvtGen, no reweight

ν l η →B 

�����UÊ Ë $ ¯ (M¹ Y>`i�7_7*@��Y>[0T'W]T%½3_7`A[dTdc�Y $ �[�'`0ZhXBYt¼!`0Z%`�½BTtXB`0_ �<V1X6»gT º # «i¬ %hÁÛ¼'`0Z7`]½BT^X>*1½3T'Z7_½/`i�l`0VB¼1»hXB`0_gXB*;X6»7` ª>À ²�6nÁ�M2*1½6¾ìM~T'[AX>*1½t»hc�|8*'X©»7`AY>V1Y]� ¿ W]T'[?µe
 © `��!`0ZhX>YY¼!`0Z%`�½BTtXB`0_n�<V1X©»gT¹�¸gÀ.¹ ¼!`0Z%`�½BTtXB*1½3T'Z7_�½>`��+`AV|¼1»hX>`0_gX>*CX6»7` ª>À ²76nÁ�M2*1½8¾�M~T'[fXB*1½
»hc�|j*^X©»7`AY>V,Y!�~|7T'W,`h¼1½/`Ac4

T^Z7_±�7Z*�l`0VB¼1»hXB`0_�`��!`AZkX>Y¢¼!`AZ7`�½>T^XB`A_{_7V|½/`0[fXBW1c¥�<VbX©»­T ª>À ²76nÁ�¼!`AZ7`�½>T^XB*%½ �2_UT%½;µe¼%½>`Ac4
H 
[A*1¾C|UT%½>V1Y>*!Z�*^M q2 _7V1Y/X6½>V ¿ �%XBV1*!Z7YJM2*1½ B → π+`ν _7`0[0TDc��2W,`fM�X)|UT'Z7`AW�
 ä [A*1¾;|7T%½>V1Y>*!Z�*'M
cos θ` _7V1Y/X6½>V ¿ �%XBV1*!Z7YiM2*1½ B → π0`ν _7`A[dTdc�Y��~[0`AZhXB`�½+|UT'Z7`AW�
 ä [0*1¾C|UT%½/V,Y/*!Z?*'M p` _7V1Y/X©½/V ¿ �º�X>V,*!Z%Y © V1Z@X6»7`nX©½C�7`³Ã©M�½>T%¾C` © M2*1½ B → η`ν _7`A[dTdc�Y ��½>V|¼%»kX<|7T'Z7`0W�
 $

Ç�ÈäÇ�ÈBÜ OMË W Ë'ÔCX¦ÊÕÑÓÔ¯Ö&XØÍÏÌt[êÑÒÍ á ×�Ë = ã�Í"@©×};1Ð > Ð�Î � Ë'×�Í¦Ö_ã�Ë�;1Ð B ×
�3*'XB`.X6»UT^X ¿ `0[dT@�7Y>`6*'M=X©»7`.X6»�½>`A`���W,`i�'`0WI»7V1`�½>T%½>[E»hcH*^MNX6»7`Y¶ À #��»�kX º³º 6­`AV|¼1»hX�XB*�*!W © VbX

V1YiY;�%ëC[AV,`0ZhX�XB*nM}�7W1W1c¨�^T'W,V1_UT^X>`+X©»7`�Y/*'M�X��+T%½>`U�<V1X6»)*!Z7W1cJ*!Z7`
¼!`AZ7`�½>T^XB*%½ $�º *1½eX6»7V,Yi|,��½>|8*!Y>` ©
X6»7` ª>À ²�6nÁc¼!`0Z7`]½BT^X>*1½��+T'Y»�%Y>`0_ $5ª ZJX6»7V,Y��mTdc © X©»%`�¶ À #\ÄnV1ZxXB*�*!Wh� À `0[fX $ Ë $O"%$ Á $b� 
yT'Z7_JX6»7`
[AW]T'Y/Y>`AYg¶ À #��»�kX º³º 6­`AV|¼1»hX © ¶ À # ¹ Y/`E�7_7* À [dT'W,T%½ º�º�© ¶ À #[��`0[fXB*1½ º³º�© ¶ À # À [0T'W]T(½ ª>À ²76nÁ
T^Z7_à¶ À #[��`0[AX>*1½ ª>À ²�6nÁ � À `0[fX $ Ë $O"9$ Á $ ÁF
6T%½>`?T'W,W»�^T'W1V,_UTtXB`0_ $\ª ZpX©»7`;V|¾C|7W,`]¾;`AZkXBT^XBV1*!Z�*'M
T^Zkc�Z7`i�aM2*1½6¾�M~T'[AX>*1½æ¾;*�_7`AW © V1XiV1YKX©»7`AZ;YC�%ëC[0V,`AZhX�X>*6`0Z7YC��½>`<X©»7`�[A*1½6½/`0[fXBZ7`AY>Y+*^M8X6»7`<Z7`i�
M2*%½6¾�M~T^[AXB*%½�` �·�UT^X>V,*!Z%Y;TtX�X©»7`LX6»7V|½/_�W,`i�'`0W�*'M<X6»7`S¶ À #��»�kX º³º 6p`0VB¼1»hX�XB*�*!W��2Y>`A` À `0[AX $Ë $O"%$�" 
 $« YJ[dT^Z ¿ `;Y>`A`0Z�V,Z º V|¼ $ Ë $ ¯ © X6»7`�½/`?V1YJT'Z­`�Ì9[0`AW,W,`AZhX¢¾;T^XB[E» ¿ `fX��+`A`0Z{X©»%`?_7V1Y/X©½/V ¿ �º�
X>V,*!Z%YY¼!`0Z%`�½BTtXB`0_�_7VB½>`A[AXBWbc��<V1X©»�X6»7` ª>À ²76nÁk¼!`0Z%`�½BTtXB*1½nT^Z7_�X©»7*'Y>`�¼!`AZ7`�½>T^XB`A_¶�<VbX©»�X6»7`º # «i¬ %hÁ­*1½ ¹�¸gÀ.¹ ¼!`AZ7`�½>T^XB*1½/Y © T^Z7_©X©»7`AZë½/`i�l`0VB¼1»hXB`0_¨XB*�X6»7` ª>À ²76nÁ{M2*%½6¾ M~T'[AX>*1½
»hc�|8*'X©»7`AY>V1YR�<VbX©»@*0��½�Y/*'M�X��mT(½>` $
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�����UÊ Ë $   ( ��`0[fXB*1½p¾;`AY>*!Zg_7`0[0Tdc9Y $ �»�'`0ZhXBYY¼'`0Z7`]½BT^X>`0_l�<VbX©»gT º # «i¬ %hÁ�¼!`0Z7`]½BT^X>*1½5T'Z7_½/`i�l`0VB¼1»hXB`0_sXB*�X6»7` ª>À ²�6nÁvM2*1½8¾�M~T'[fXB*1½P»kc�|8*'X©»%`0Y>V1Y � ¿ W]T^[?µ4
 © `i�'`0ZhXBY�¼!`AZ7`�½>T^XB`A_��<VbX©»
T ¹�¸YÀ.¹ ¼!`AZ7`�½>T^XB*%½gT^Z7_!½/`i�l`0V|¼%»kX>`0_ªXB*aX6»7` ª>À ²�6nÁ{M2*1½8¾ M~T'[AX>*1½\»hc9|8*'X6»7`0Y/V,Y$�2|UT'W1`¼%½>`Ac4
?T^Z7_®�7Z*�+`AV|¼1»hX>`0_¨`i�'`0ZhXBY�¼!`0Z%`�½BTtXB`0_©_%V|½>`A[AX>W1c��<V1X6»¨T ª>À ²76nÁà¼!`0Z7`]½BT^X>*1½ �2_UT%½;µ¼%½>`Ac4
Y ^[0*1¾C|UT%½/V,Y/*!Z�*'M q2 _7V,Y�X©½/V ¿ �%X>V,*!Z%YNM2*1½ B → ρ0`ν _7`0[0Tdc9Y �2W,`AM�Xe|UT'Z7`AW�
 ä [0*%¾;|UT(½>V,Y/*!Z
*^M cos θV _7V1Y/X©½/V ¿ �9XBV,*'Z7YJM2*1½ B → ω`ν _7`0[0Tdc9Y �~[A`0ZhXB`]½;|7T'Z7`0W�
 ä [A*1¾;|7T%½>V1Y>*!Z�*'M pXuD_%V,Y/X6½>V ¿ �%XBV1*!Z7Y © V,ZHX6»7`nX©½C�7`³Ã©M�½>T%¾C` © M2*1½ B → ρ+`ν _%`0[dTdc�Y!�¯½>VB¼1»hX�|UT'Z%`0W�
 $ pXuD V,YmX6»7`¾C*1¾C`0ZhXd�.¾�*'MeT'ZhcL_UT5�.¼1»hXB`�½<*'M=X©»%` Xu ¾;`AY>*!Z $
Ç�ÈäÇ�ÈBÉ OMË W Ë'ÔCX¦ÊÕÑÓÔ¯Ö&XØÍÏÌt[êÑÒÍ Á Ë�;%ÑÒÍÏÎ � Ë'×�Í¦Ö_ã�Ë�;1Ð B ×

#�VBµ^`HM2*1½xX6»7`S½>`��+`AV|¼1»hX>`0_�|7Y>`i�7_7*@��Y>[dT^W]T%½¢¾C`0Y/*!Z�_7`A[dTdcé½>`AY;�7WbXBY © X©»7`]½>`LV1YxX©»%`LYBT%¾C`
`ÞÌ9[0`0W1W,`AZkX�¾;T^X>[E» � º V|¼ $ Ë $   
N�c»7`AZP½/`i�l`0V|¼%»kX>V,Z�¼�V1YyT'|7|7W1V,`A_.XB*mX©»%`�_%V,Y/X6½>V ¿ �%XBV1*!Z7YÕ¼!`0Z7`]½BT^X>`0_
�<VbX©»LX©»%` º # «i¬ %hÁ�*1½ ¹�¸YÀ+¹ ¼!`0Z7`]½BT^X>*1½>Y�M2*1½P�'`0[fXB*1½c¾C`0Y>*'Zg_7`A[dTdc�Y $
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� *1¾C|UT%½/V,Z�¼¢�^T%½/V,*0�%Yn_7V,Y�X©½>V ¿ �%X>V,*!Z7Yg¼!`0Z7`]½BT^X>`0_¶�<V1X6»pTLY�XrT'Z7_7T%½>_ ª>À ²76nÁS¼'`0Z7`]½BT^X>*1½
X>*CX6»7*!Y/`T¼!`AZ7`�½>T^XB`A_n�<VbX©»-*0��½�M2*1½6¾ìM~T'[AX>*1½c½>`i�l`0VB¼1»hXBV1Z�¼)Y>*'M�X��+T%½>`JT'W,W1*��<YU�7Y3X>*CX>`0Y�X5X6»7`
�^T'W1V,_7VbX�cq*'MjX6»7`
¾;T'Y>Y/W,`0Y/Y�T'|7|�½/*�Ì9VB¾?T^X>V,*!Z��7Y>`A_?V1Z�*0��½æ½>`��+`AV|¼1»hX>V,Z�¼nY/*'M�X��mT(½>` $k¬ »7V1YiV,YKX6»7`
[0T'Y>`;Y>V1Z7[0`CX©»7`;Y/XrT^Z7_UT%½/_{[0*�_7`¹�%Y>`0YxX©»7`;`�Ì%T'[AXJM2*1½6¾I�%W]T'YnXB*g[0*1¾C|9�%X>`;X6»7`?_7V�	o`]½>`AZkX>V]T'W
_%`0[dTdcw½BT^X>`0Y $sÀ V1Z7[0`3X©»7`5[0*1¾C|UT%½/V,Y>*'Z7Y © _7*!Z%`:Y>`A|UT%½>T^XB`AW1c)M2*1½+`AW,`A[AX©½/*!Z7Y+T'Z7_M¾I�%*!Z7Y © Y6»%*��
X6»7`�YBT%¾C`e¼!*�*9_í¾;T^X>[E» © V1XH[dT'Z ¿ `�[A*!Z7[AWB�7_7`A_ªX6»UT^XLX6»7`å¾?T'Y/Y>W1`0Y>Y-T'|%|�½>*(Ì9V|¾;T^XBV1*!Z\V1Y
V1Z7_7`A`0_�\C�7Y�XBVbwU`0_
M2*1½ ¿ *'X6» © `0W,`A[AX6½>*!Z7YJT'Z7_Æ¾¡�7*!Z7Y $�« Z{`�Ì9`]¾;|7W1`;*^MmX©»7` �·�UT'W,VbX�c�*'MmX6»7`
¾;T^X>[E»-V1Y�_7V,Y/|7W]Tdc'`0_-V,Z º V|¼ $ Ë $OQ9$
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�����UÊ Ë $OQ<(�� *1¾C|UT%½>V1Y>*!ZJ*'M q2 _7V,Y�X©½/V ¿ �%X>V,*!Z%YNM2*1½ B → πµν _7`A[dTdc�Yl*'Z7W1c $ �»�!`AZkX>Y�¼'`0Z7`]½BTÆ�
X>`0_¡�<VbX©»JT º # «i¬ %hÁp¼!`AZ7`�½>T^XB*1½NT'Z7_P½>`i�l`0VB¼1»hXB`A_�XB*5X6»7` ª>À ²�6nÁ�M2*1½6¾�M~T'[fXB*1½�»hc9|8*'X6»7`0Y/V,Y
T(½>`qY6»7*��<Z�V,Z ¿ W,T'[?µ��c»7V,W1`6X6»7`¡�%Z·�l`0VB¼1»hXB`A_�`i�!`AZhXBYY¼!`AZ7`�½>T^XB`A_�_7V|½/`0[fXBW1c¹�<V1X©»vT ª>À ²76nÁ¼'`0Z7`]½BT^X>*1½<T%½>`6Y8»7*��<ZvV,Z@_UT(½;µk¼%½>`Ac $

Ç�È1z 3 �àá ÎÓÍ Á Ë � Ë'ÖÕÑÓ×�Ô¯Ö � Ë¬Ðs× = ÎÓË � Ë+Ö¦ÑÓ×�Í¦Ì |Vub|

6¨VbX©»u*0�.½k½>`��+`AV|¼1»hX>V,Z�¼{Y/*'M�X��+T%½>` © V1X?V,Y?Z%*��È`0T'Y/c�XB*{V1Z*�!`0Y�XBVB¼hT^XB`gX©»7`�|.½>`0_%V,[AX>V,*!Z%Y
*^MP�^T%½>V1*0�7Y6M2*1½6¾êM~T'[fXB*1½Q¾C*9_7`AW,Y © T^Z7_pX>*�`i�^T'Wc�UT^XB`)X©»%`0V|½qV|¾C|UT'[fXq*!ZpX6»7`?`ÞÌ%|8`�½/V|¾C`0ZhXrT^W
Y�Xd�7_9c�*'M B → Xu`ν _7`A[dTdc�Y $�À *HM~T%½ © X��l*LM2*1½6¾ãM~T'[fXB*1½t¾;*�_7`AW,Y5M2*%½:|7Y/`E�7_7*Æ��Y>[0T'W]T(½nT'Z7_
�'`0[fXB*1½
¾C`0Y/*!ZL_7`0[0Tdc9Yc»UT(�'` ¿ `0`AZLM}�7W,Wbc;VB¾;|%W,`�¾C`0ZhX>`0_?V1ZL*0��½mY/*'M�X��+T%½>`] �X©»7` ª>À ²76nÁ ' å98�1



Á  5Ë
¾C*�_7`0W³�}�7Y>`A_­V1Z�X6»7`��^T'W,V1_UT^XBV1*!Zv*^M+X©»%`�½/`i�l`0VB¼1»hXBV,Z.¼@X>`0[E»7Z%V �·�7`;T'Z7_
V1XBYnY/*'M�X��+T%½>`)XB*�*!W�

T^Z7_HT�# �
À 3í¾;*�_7`0W7M�½/*1¾ ¹N$ ÃmT^W,WU`AX+T'W $ ' æ}å4�21 ' æ}å4�21 $h¬ c9|%V,[dT^Wj_7V1Y/X6½>V ¿ �%XBV1*!Z7YKM2*1½ q2 å © cos θV

T^Z7_ p` � º V|¼ $ Ë $q� 
n_%`0_9�7[A`0_{M�½/*1¾àX©»%`0Y>`CX��+*a¾;*�_7`AW,Y6_7V,Y/|7W]Tdc�T@W]T(½6¼!`)_7V�	o`]½>`0Z%[0`§�c»7V,W1`
X6»7` cos θ` _7V1Y/X©½/V ¿ �9XBV,*'Z7YKM2*1½i|7Y/`E�7_7*Æ��Y>[0T'W]T(½�¾C`0Y/*!Z;_%`0[dTdc�Y�� º V|¼ $ Ë $�S,© W,`fM�X�|UT'Z7`AW�
iT%½/`3Z%*'X
¾C*�_7`0Wy��_7`A|j`AZ7_7`0ZhX © ¿ �%X=X©»7*!Y/`�M2*%½7�!`0[fXB*1½°¾;`AY>*!Zq_7`A[dTdc�Y � º V|¼ $ Ë $OS,© ½/V|¼1»hX=|UT'Z%`0W�
#T(½>` $�¬ »7V1Y
Y/V|¼!Z%V1wU[0T'ZhX�¾C*9_%`0WH��_7`0|8`0Z%_7`0Z7[A`+Y8»7*��<YÂ�c»hcJX©»%`¼�^T'WB�%`0Ye*^M7X©»7` ¿ ½BT^Z7[E»7V,Z.¼:M�½BT'[fXBV1*!Z�T'Z%_J*'M
X6»7` � ÄQ¥î¾?T^X6½>VyÌH`AW,`�¾C`0ZhX |Vub|

© `ÞÌ9X6½BT'[fXB`A_-M�½/*1¾ìX6»7`nY/X;�7_%cL*'M=`ÞÌ%[AWB�7Y/Vc�'`qY/`�¾CV,W1`0|%X>*!Z7V,[
Ã�¾C`0Y>*'Z-_%`0[dTdc�Y © »UT(�!`6YC�7[E»vW,T%½6¼!`.X6»7`0*%½>`AX>V,[0T'W#`�½8½>*1½/Y $
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ν l ρ → 0B

�����UÊ Ë $q�<( �»�'`0ZhXBY�½>`��+`AV|¼1»hX>`0_§�<V1X©»xX©»7`UÃ+T'W,W &%� �*# �
À 3{M2*1½8¾�M~T'[AX>*1½³»hc�|j*'X6»7`0Y/V,Y � ¿ W]T'[?µe
 ©
�%Z·�l`0VB¼1»hXB`A_C`��!`AZkX>Y�¼!`0Z7`]½BT^X>`0_)_7VB½>`0[fXBWbc³�<VbX©»JX6»7` ª>À ²76nÁ3M2*1½8¾�M~T^[AXB*%½�»hc�|j*'X6»7`0Y/V,Y �2_UT%½;µ¼%½>`Ac4
7 �[0*1¾C|UT%½/V,Y/*!ZL*'M q2 _7V,Y�X©½>V ¿ �%X>V,*!Z7YmM2*%½ B → π+`ν _%`0[dTdc�Y]�2W,`fM�X<|UT'Z7`AW�
 ä [A*1¾;|7T%½>Vy�
Y/*!Z�*'M cos θV _7V1Y/X6½>V ¿ �%XBV1*!Z7Y<M2*1½ B → ρ+`ν _7`A[dTdc�Y �~[0`AZhXB`�½n|7T'Z7`0W�
 ä [A*1¾C|UT%½>V1Y>*!Zv*'M p`_%V,Y/X6½>V ¿ �%XBV1*!Z7Y+M2*%½ B → ρ+`ν _7`0[0TDc�Y �¯½>VB¼1»hX�|UT'Z%`0W�
 $

¬ »7`T¾;*'Y/X3|�½>`A[0V1Y>`��^T'Wc�7`nXB*;_UT^XB`q*'M |Vub| * ¿ XrT'V1Z7`0_-M�½>*1¾ìX©»7`xT'ZUT'Wbc�Y>V,Y3*'Me`�Ì9[0Wc�7Y>VH�!`
Y/`�¾CV,W1`0|%X>*!Z7V,[2Ã¨_%`0[dTdc�Y:V1YmX©»7`6*!Z%`V¼!Vc�'`0Z-V,Z�33`fM $ ' æ}å*-21  

|Vub| = (3.27 ± 0.13 ± 0.19+0.51
−0.45) × 10−3

�c»%`�½>`nX6»7`nws½>Y�X<`�½6½/*1½�V,Y�Y�XrT^X>V,Y�XBV,[0T'W © X©»%`qY/`0[A*!Z7_-Y/c�Y/X>`�¾;T^XBV1[6T'Z7_LX©»7`nX6»7V|½/_HX©»7`A*1½>`fXBV,[0T'W $ª XxV,Y6[AW,`dT(½6X6»UT^X6X©»%`CX6»7`0*1½/`AX>V,[dT^Wi`�½6½/*1½ © *^MmX©»7`)*1½/_7`�½q*'M � ¯0° © _9�7`)XB*@M2*1½6¾àM~T^[AXB*%½³�%Z��
[A`�½�XrT'V1ZkX>V,`AY © V,Y ¿ c
M~T%½xX6»7`HW,T%½6¼!`AY/Xx`�½8½>*1½ $ 6¨V1X6»­*0�.½P½>`��+`AV|¼1»hX>V,Z�¼�Y/*'M�X��+T%½>`HX>*9*!W © �7Y>V1Z�¼
ç
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ν l ρ → 0B

�����UÊ Ë $OS<( �»�'`0ZhXBY�½>`��+`AV|¼1»hX>`0_§�<V1X©»xX©»7`UÃ+T'W,W &%� �*# �
À 3{M2*1½8¾�M~T'[AX>*1½³»hc�|j*'X6»7`0Y/V,Y � ¿ W]T'[?µe
 ©
�%Z·�l`0VB¼1»hXB`A_C`��!`AZkX>Y�¼!`0Z7`]½BT^X>`0_)_7VB½>`0[fXBWbc³�<VbX©»JX6»7` ª>À ²76nÁ3M2*1½8¾�M~T^[AXB*%½�»hc�|j*'X6»7`0Y/V,Y �2_UT%½;µ¼%½>`Ac4
  ![A*1¾C|UT%½>V1Y>*!Z�*^M cos θ` _7V1Y/X©½/V ¿ �9XBV,*'Z7YeM2*1½ B → π0`ν |7Y>`i�7_7*@��Y>[dT^W]T%½³¾C`0Y/*!Z)_7`0[0Tdc9Y
�2W,`fM�X<|UT'Z7`AW�
 ä [A*1¾C|UT%½>V1Y>*!Z@*'M cos θ` _7V1Y/X6½>V ¿ �%XBV1*!Z7Y+M2*1½ B → ρ+`ν �!`A[AX>*1½c¾;`AY>*!Z-_7`0[0Tdc9Y
��½>VB¼1»hX<|UT'Z7`AW�
 $

*5��½ º # «i¬ %hÁT¼!`AZ7`�½>T^XB*%½ © Y>|8`0[0V,T'W,Wbc��7Y/`AM}�7W8XB*�_7`fXB`]½6¾CV,Z7`3X©»7`5[�½>VbXBV1[dT'W�`AëC[AV,`0Z%[0V,`AYm*'M�*5��½
`ÞÌ9|j`]½>V|¾C`0ZhXBT'Wj[i�%XBYmT'YmTxM}�%Z7[AX>V,*!Z;*'M q2 © �l`nT'VB¾¼X>*P½/`0_9�7[A`.X©»7`3X©»7`A*1½>`fXBV1[dT'W8`�½8½>*1½�XB*�T'|º�
|.½>*(Ì9V|¾;T^XB`AW1c ¯0° $�¬ »7`mV1ZhXB`�¼%½BT^X>`0_JWc��¾CV,Z7*!Y/V1X�cg½>` �·�7VB½>`A_JXB*:T'[E»7V,`��!`�X©»7V1Y°¼!*!T'Wk_7`0|8`0Z7_%YK*!Z
X6»7`JX>`0[E»7Z7V
�·�7`I�7Y/`0_�XB*w½>`0[A*!Z7Y�X©½;�%[AXnX©»%`�`�Ì9[0Wc�7Y>VH�!`�_%`0[dTdcg[E»UT'Z7Z%`0W $ 6¨V1X6»vX©»7`xZ7`E�9X©½>V1Z7*
½/`0[A*!Z7Y/X6½;�7[fXBV1*!Z-X>`0[E»7Z%V �·�7` ' æ}å�ð21 © T'Z7_LX6»7`h¾;*1½/`.X©»UT^ZvÁ ¯ & fb−1 © [0*!W1W,`A[AXB`A_@T^X�X©»%` Υ (4S)

½/`0Y/*!ZUT'Z7[A`�V,Z ¿ *'X©»lÃmT0ÃmT%½5T'Z7_lÃ+`0W1W,` © T^Z7_v*'MeX©»7`q*1½>_%`�½:*^M ¯ &!& fb−1 `�Ì9|8`0[fXB`0_W�<VbX©»7V1Z
X6»7`�Z7`ÞÌ9X�X��l*nc!`dT(½>Y © T.Y8¾?T^W,W,`]½NX6»7`0*1½/`AX>V,[dT^W%`�½8½>*1½iY8»7*0�7W1_ ¿ `�|8*!Y/Y>V ¿ W,`mV1Z�X©»7`�Z7`0T%½KM}�%X;��½>` $
6¨VbX©»HX6»7`h½>`0[A*!V,WjXB`0[E»%Z7V �·�7`AY ' æ}å98�1 © T'Z7_LM2*1½mX©»%`q*^X©»7`]½�`�Ì9[0Wc�7Y>VH�!` ρ`ν © ω`ν © η`ν T'Z7_ η′`ν
_%`0[dTdcs[E»UT^Z7Z7`0W1Y © T�M2`i�ÇT'_7_7VbXBV1*!ZUT'W�»º�%Z7_�½>`A_7YC*'M fb−1 �<V,W1W ¿ `S½>`��º�%V|½>`A_�X>*�`�Ì�X©½>T'[AX;T
Y/V|¾CV,W,T%½�X6»7`0*%½>`AX>V,[0T'W#|�½/`0[0V1Y>V1*!Z@*!Z |Vub|

$
6¨VbX©».X©»%`�Y/*9*'Z.XB* ¿ `�T(�^T'V1W]T ¿ W1`N_7T^XrTmM�½>*%¾ ¿ *'X©»³ÃmT5ÃmT%½�T'Z%_�Ãl`0W,W1` © T'Z7_¦�<V1X6»6X6»7`iZ7`i���

X6½>V1Z7*Û½>`0[A*!Z7Y�X©½;�%[AXBV1*!Z@XB`0[E»%Z7V �·�7` © T)Y/XBT^XBV1Y/XBV1[dT'Wo`�½6½/*1½ ¿ `AW,*�� � ° V,Y�|8*!Y>Y/V ¿ W1` $U¬ *?T^[E»7V,`��!`
T�X6»7`0*1½/`AX>V,[dT^W�`�½6½/*1½<T^X5T�M2`i��|8`�½/[0`AZkX5W,`��!`AW7�<V,W,WÕ½>`��º�%V|½>`nX>V|¼1»hX<[0*'Z7Y/X6½BT'V1ZkX>Y<*!Z-X6»7`nM2*1½6¾
M~T^[AXB*%½>Y<T'Y3T�M}�7Z7[fXBV,*'Z-*^M q2 $7¬ »7V1Y3[0T'Z ¿ `qT'[A[0*1¾C|7W,V1Y6»7`A_ ¿ cLX��+*�¾;`fX©»7*�_7Y $ª Z?X6»7`:ws½/Y/X-¾;`fX©»7*�_ © X©»7`t¾;`0T'Y;�.½>`0_?_7V
	j`�½/`0ZhXBV,T'W�_7`0[0TDc;_7V1Y/X©½/V ¿ �9XBV,*'Z7Y�T%½>`5[0*1¾C|UT%½/`0_



Á  0 
X>*nX©»7`�[A*1½6½/`0Y>|8*!Z7_%V,Z�¼6*!Z7`AYi|�½>`A_7V,[fXB`A_ ¿ cI�^T%½/V,*0�7YNM2*1½6¾�M~T'[AX>*1½³¾C*9_7`AW,Y © T'YiY8»7*��<Z;` $ ¼ $ V1Zº V|¼ $o�%$ ¿ ��½p½>`��+`AV|¼1»hXBV1Z�¼?Y/*'M�X��+T%½>`qXB*�*!Ww�<V,W,W�|%W]Tdc-T;[]½;�7[AV]T'WI½/*!W,`qV,Z@X©»7`AY>`�[A*1¾C|UT%½>V1Y>*!Z%Y
Y/V,Z7[A`nV1X¼�<V,W,WjT'W1W,*��¨T �·�7V,[?µ?T'Z7_@`dT^Y/c?X>`0Y�X<*'M=T'W,WÕ¾;*�_7`AW,Y¼�<VbX©»7*5�%X�»UT(��V,Z.¼�XB*�½>`]¼!`0Z%`�½BTtXB`
TH[A*1¾C|7W,`fXB`�¥ � |.½>*�_9�7[AX>V,*!Z�M2*%½:`dT^[E»Ø¾C*�_7`0W $Nª Z�X6»7V,Yg¾;`fX©»7*�_ © X©»7`�`fëC[0V,`AZ7[0V1`0Yn*'M�X6»7`
T^ZUT'W1c�Y/V,Ye[i�%XBYKT%½>`l[0*1¾C|9�%X>`0_I�<V1X6»JX©»%`�¾;*�_7`AWº�%Y>`0_�X>*Y¼!`0Z%`�½BTtXB`+X6»7`m_7V1Y/X©½/V ¿ �9XBV,*'Z7Y $ 6¨V1X6»
�'`�½�ck»7VB¼1»?Y�XrT^X>V,Y�XBV,[AY © X©»%`g¾C`AX©»%*9_;Y6»7*0�%W,_LT'W1W,*��Y�%YlXB*¡µ'`0`A|@TxY/V,Z�¼!W1`3M2*%½6¾�M~T'[fXB*1½�¾;*�_7`0W
T^Y ¿ `0V1Z�¼�X©»%`q*'Z7`6[0W,*'Y>`0Y�X<XB*Û½>`0T'W,VbX�c © X6»7`�½/` ¿ c\½>`A_9�7[0V1Z�¼�X©»7`nX6»7`0*1½/`AX>V,[dT^W�`�½6½/*1½�*!Z |Vub|

$
ª ZHX6»7`.Y>`A[0*!Z%_S¾;`fX©»7*�_ © X©»7`3M2*1½6¾½M~T'[fXB*1½/Y��<V,W1W ¿ `g¾C`dT^Y;��½/`0_L_7VB½>`0[fXBWbc��<V1X©»k¾;V1Z7V|¾;T'W

¾C*�_7`0Wy_7`A|j`AZ7_7`0Z%[0` $Wº *%½5`ÞÌ7T(¾;|7W1` © M2*1½3|7Y>`i�7_7*@��Y>[0T'W]T%½5_7`0[0Tdc9Y © X6»7`P¾C`dT'YC��½>`A_�_7V1Y/X©½/V ¿ �º�
X>V,*!Z%YP�<V,W,W ¿ `nw7X/XB`A_-X>* ��� $y�D& �c»7`�½/`nX©»7`nM2*1½8¾�M~T'[AX>*1½�V,Y
¼'Vc�!`AZ@` $ ¼ $ ' å*521 ¿ c� 

f+(q2) =
r1

1 − q2/m2
+

r2

(1 − q2/m2)2

�c»%`�½>` r1 © r2 T'Z7_ m T%½>`gX©»7`�|UT(½BT%¾C`AX>`�½>Y;XB* ¿ `gw7X>X>`0_ $ ¿ X6»7`�½HM}�7Z%[AXBV1*!Z7Y¢�<V1W,Wp»UT(�!`
X>* ¿ `LV1Z*�!`0Y�XBVB¼hT^XB`A_{XB*�* ¿ XrT'V1Z­X©»7`LY�c�Y/XB`]¾?TtXBV,[L`]½6½/*1½�`0Z.¼!`0Z7_%`�½>`A_ ¿ cpX©»7`��7Y/`@*'M3Y;�7[E»
M}�%Z7[AX>V,*!Z7Y $�¬ »7`�Y6¾;T'W,Wt¾;*�_7`AW._7`0|8`0Z%_7`0Z7[A`­[A*1¾;`AYHM�½>*1¾ X©»7`�_7V�	o`]½>`0ZhX>V]T'W5`AëC[0V1`0Z7[AV,`0Y ©
ε(q2(, θ`, θV , χ))

© *'MiX6»7`�T'Z7T'W1c�Y>V1Y:[i�%XBY¦�7Y/`0_�XB*k¼!`0Z7`]½BT^X>`JX©»%`¢¾;`0T'Y;�.½>`0_�_%V,Y/X6½>V ¿ �%XBV1*!Z7Y $¬ *�`��'T^WB�UT^X>`;X6»7`0Y/`H`AëC[0V1`0Z7[AV,`AY © X6»7`;M2*5��½¡µkV,Z%`�¾;T^XBV1[dT'W»�^T%½/V]T ¿ W1`)_7V,Y�X©½>V ¿ �%X>V,*!Z7YQ»UT(�!`;XB*¿ ` ¿ V,Z%Z7`0_ © T'Z7_@X©»7`6`AëC[AV,`0Z%[0V,`AY3T%½>`nX©»%`0Z-_7`AX>`�½6¾CV,Z%`0_LM2*1½�`dT^[E» ¿ V1Z $ª Z�X©»%`3W1V|¾CV1X=*'M8V,Z9wUZ7V1X>`0Y/V|¾;T'W ¿ V,Z7Y © X©»%`�`AëC[0V1`0Z7[fc ε V1YKV,Z%_7`0|8`0Z7_%`0ZhX�*'MjT'Zhc�¾;*�_7`AW © T'Y
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Y û ½CW]T ¹ »hc�Y>V
� û `v_7`AY ¸ T û XB`AYMýiZ7`]½6¼!V1`0Y � ª>�P¸ � ¹ ¿ &   
 © üà¥g*!Y>[A* û �S3 û Y/Y>V1` © {AX6{¸Á &'&   
 $« |�½6zAY û ZgZ7* û ò'`0WN`�Ì%T%¾C`0Zv`AZ7[0*%½>`J|%W û Yp½>VB¼!* û ½/` û Ì ©Ïû Z�T%½�XBV1[0W,`n|.½6{0Y/`0ZhXrT^ZkX.W,`0Yp½6{AY û WbXrT^X>Y
w7ZUT û Ì@_%`q[A`AX/XB`6X©»�zAY>`6M û X3T'|7|�½/* û ò%{x|UT(½�W]T � *!W,W,T ¿ *1½BT^X>V,*!Z GJI<G~ILKu`0Z-_�{0[A`�¾ ¿ ½>`PÁ &!&   ©
`fX3| û ¿ W1V|{._UT^Z7Y � Î�ÜDØfö}Ö>Ï çÚþ Ó�9Dö}ÓføaÝyÓfõÒõ�ÓfÐBØ Å8� ©�&!S9�Òÿ!&%�0© W,`QÁ ÿ M�{�ò+½/V,`]½pÁ &!&hQ9$

�iZ?|.½>V,Z%[0V,|8` © [A`AX/XB`p¾;`AY û ½/`5`AY/Xl[0`0W1W,`<_7`AY ¯ ÿ!" ¾C`�¾ ¿ ½>`0Y�_7`3W]T � *!W1W]T ¿ *1½BTtXBV,*'Z]GJI<G~ILK
Y/V|¼!Z7T^XrT'VB½>`AYL_7`pWÙ¿OT(½/XBV1[0W1` $ �iZ»`�	j`AX © W1`0YLX©½8z0Y-Z7*1¾ ¿ ½/` û Y/`0Y@X��'[E»%`0YvZ.{0[0`AY>Y>T'V|½/`0Y�T û ¿ *!Z
M2*'Z7[AX>V,*!Z7Z%`�¾C`0ZhX�_7`nWÙ¿OT'[A[�{AW|{�½>T^XB` û ½ © _ û _�{fXB`0[fXB` û ½<`AX�_7`AY�W,*1¼'V,[0V1`0W1Yl_7¿�T'ZUT^W1c�Y>`.[A*1¾�¾ û Z7Y ©
Y>T'Z7Y3W,`AY,� û `0W1W,`AY5[A`AX>X>`T¾C`0Y û ½>`qZ7¿�T û ½>T'V1X \>T%¾;T'V,Y
{fX©{q|j*'Y>Y>V ¿ W,` © Y>*!ZhX:T'[0[A*1¾C|7W,V1`0Y�|UT%½<XB* û Y
W1`0Y
¾C`�¾ ¿ ½>`0Y<_7`6W,T � *!W,W,T ¿ *%½BT^X>V,*!Z GJI<GJILK $

�iZ�|�½BTtXBV � û ` © X>* û XB`fM2*!V,Y © X>* û YY½/`0[0*'Z7ZUT'V1Y>Y>`AZhX(� û `�WÙ¿OT û XB` û ½:_7`�[A`AX/XB`�X©».z0Y>`�`AY/X6WÙ¿OT û ó
X>` û ½�|.½>V,Z%[0V,|7T'Wj_%`.WÀ¿�T%½/X>V,[AW,`3|UT%½ û _UT^Z7Y � Î�Ü�Øfö}Ö>Ï çÏþ Ó�9Dö}ÓføsÝyÓfõÒõ�ÓfÐBØq`AX�W1`.|�½>V1Z7[0V1|UT'WjT%½/X>V,Y>T'Z
X>`0[E»7Z%V � û `n`AXm[0*!Z7[A`0|%X û `0W�_%`0Y+X6½BTNò^T û Ì?_7`V½>`A[E»7`�½/[E»7` � û VjcHY/*!ZhX�|�½8{0Y>`AZhX©{0Y $ #[¿OT û XB` û ½m_7`
[A`AX/XB`nX©»�zAY>`6`0Y�X3Z7*'XrT(¾w¾C`0ZhX�WÙ¿�V1Z7V]T^X>` û ½�_7`6W]TJX>`0[E»7Z%V � û `6_7`h½>`A[0*!Z7Y�X©½ û [AX>V,*!Z\½>`AW��'[E».{0`6_ û
Z%` û X6½>V,Z%* © � û VeTk{AX6{�[�½ û [0V,T'W,`xT û Y û [0[]z0Yn_7`JW]Tw¾C`0Y û ½>` $ #�`0Y:|�½>V1Z7[0V1|UT û Ìg[0*'W,W]T ¿ *1½>T^XB` û ½>Y
_%`n[0`0YmX6½BTNò^T û ÌHY>*!ZhX<W,`AY�[0*hT û XB` û ½>Y�_ û GJIJGJILK C ü Ï ç ÜDØfö,Ø�� Ú Ö � û?Ó ü õ�î �D"%�d" M2*1½6¾;T'ZhX�W1`� »7T'| $h" _7`+[0`AX/XB`mX6»�z0Y/`� À c�WBò�V1`UÃ-½ û Z7`AX © ¥vT%½�XBV,Z À V|¾;T%½>_ ©%¹ T û W ¬ T%½BT^YK`AX�Ãl`0Z7*!VbX �.V,T û _ $



Á   S
���	��

���������	�������������

B
0 → π

−
`
+
ν � ������� � �� !�����#"$���&%'�(����)

*+������ ,��-.��/ � ���� !�,-.���10�����)324�5���6�7��-.���8��-.���9���
|Vub| : -;���9��<1�=��
��

>?�	�@�
��-.���BAC�	 5����
D�
���� !��-E���GF1�	 �����-EHI���

Ã $s«gû ¿ `�½�X © 1 ¥ $ Ãl*!ZUT © 1 §x$ Ã+* û X>V|¼!Zhc © 1 í $ Ä6T%½/c'*'XrT@µ�V1Y © 1 ª $Ï¹N$ #�`0`AY © 1 � $Ï¹ *!V|½/`dT ûó© 1 ¶ $¹ ½ û _7`AZkX © 1 � $7¬ V1Y>Y>`]½BT'Z%_ © 1 «J$ PÚ¼1»%V,[E»7` © 1 � $ ²h½>T û ¼!`AY © 2 «x$s¹ T'W,T'Z7* © 3 ª $Ï�:$¦� »7`0Z © 4 � $Ï§J$
%.V © 4 ² $ 3<*!Z�¼ © 4 ¹N$ 6­T'Z�¼ © 4 í $¦Àj$ PÚ» ûó© 4 ² $ �iVB¼!`0Z © 5 ªr$ ¿ M�XB` © 5 Ã $¦À X û ¼ û7© 5 ² $ÏÀj$s« ¿ ½BT%¾CY © 6
¥ $ ÃmT^X/XrT%¼!W1V]T © 6 §J$ � $ Ã-½>*KJ<Z © 6 ª $ Ã û X>X>*!Z+ó À »UT^M2`�½ © 6 3 $ � $¦� T%»%Z © 6 í $ ²V½>*Dc�Y6¾;T'Z © 6 3 $ ² $
ª!T'[A* ¿ Y>`AZ © 6 ª $s«J$ ÄqT^_%cºµ © 6 # $U¬n$ Än`�½�X©» © 6 í û#$ ² $ Ä3*!W,*1¾C`0Z%Y;µhc © 6 ² $ Ä û µtT%½�XBY>`�ò © 6 §J$

#�*!|8`0Y ¹ `�¼!ZUT © 6 ² $ ##c�Z7[E» © 6 # $ ¥ $ ¥gV|½ © 6 ¬n$ ª $ ¿ ½>VB¾;*^XB* © 6 ¥ $�¹ ½/V,|7Y�XB`AV,Z © 6 � $+«J$ 3<*�` © 6 ¥ $¬n$ 3<*!ZUT'Z © 6,∗ Ä $7¬ T^[?µ'¾;T'Z7Z © 6 6 $�«J$ 6­`AZ9£0`AW © 6 ¹=$ _7`0W « ¾;* À T^Z7[E»7`E£ © 7 ¥ $ ÃmT%½8½>`fX>X © 7 ¬n$ ª $¸ T%½6½/V,Y/*!Z © 7 «x$ ª $`¸ T(½/X © 7 �:$ ¥ $o¸ TLJbµ'`AY © 7 «J$U¬n$ 6­T^X>Y>*!Z © 7 ¬n$o¸ `0W1_ © 8 ¸q$ Ä5*�[E» © 8 Ã $
#�`MJmT'Z%_7*KJ<Y;µkV © 8 ¥ $s¹ `0W1VB£dT^` û Y © 8 Ä $�¹ `AX>`�½/Y © 8 ¬n$¦À [E»�½/*9`A_7`�½ © 8 ¥ $¦À XB`AV,Z9µ^` © 8 ª $U¬n$ Ã+*Dc�_ © 9

ª $Ï¹=$ Ã û ½Cµ'` © 9 6 $ � $Ï� *'X>X>V,Z�¼%»UT%¾ © 9 §J$ 6­T'WBµ^`�½ © 9 §J$ ª $�« Y6¼!`AV|½>Y/Y>*!Z © 10 ¬n$�-û »UT'_UT(½>ó § *!Z7Y;£A`0WB¾?T'Z%Z © 10 Ã $ ² $sºsû W,Y/*1¾ © 10 �:$o¸ `0T%½/X�c © 10 � $¦Àj$ ÄnZ7`A[E»hX © 10 ¬n$¦Àj$
¥gT^X>X>V,Y>*'Z © 10 ª $s«J$ ¥-[(Än`0Z7Z7T © 10 «J$ ÄV»UT'Z © 11 ¹N$ Ä.c ¿ `]½>_ © 11 ¥ $¦À T'W,`A`�¾ © 11 §J$ ª $À »7`�½EJ+*�*9_ © 11 # $%¬ `A*9_7*%½>`0Y/[ û7© 11 � $ � $ ÃlW,V,Z%*Óò © 12 «J$Ï§J$ Ã û µ�V1Z © 12 � $Ï¹N$Ï§ ½ û £�»7V1Z7V,Z © 12 � $
Ã $ ²6*'W û ¿ `]ò © 12 «x$s¹N$ ¿ Z û [E»7V1Z © 12 Àj$`ªr$¦À `]½>`0_%Zkc!T5µ'*Òò © 12 í û#$`ªr$¦À µ'*Òò�|8`0Z © 12 � $Ï¹N$À *!W1*9_%*Óò © 12 Ä $ í û@¬ *9_9c9Y8»7`]ò © 12 ¥ $ Ã+*!Z%_7V,*!W1V © 13 ¥ $ Ã-½ û V,Z%Y6¾;T © 13 ¥ $¦� »7T'* © 13 Àj$¦�-û ½8½/c © 13ªr$ ��Y/[E»�½>V1[E» © 13 §J$ ÄnV|½Cµ ¿ c © 13 «J$ ª $ #yT'Z,µkM2*%½>_ © 13 ¹=$ # û Z7_ © 13 ¥ $ ¥gT'Z7_7`AWBµ'`]½>Z © 13 � $¦�:$

¥vT%½�XBV1Z © 13 §J$Ï¹=$¦À XB*5µ'`�½ © 13 Àj$s« ¿ T'[E»7V © 14 �:$ Ã û [E»UT'Z7T'Z © 14 Àj$s§J$¦º * û Wcµ'`AY © 15 ª $ 6 $ ²qT(½/c © 15º+$ #�V û7© 15 ¿ $ #y*'Z�¼ © 15 Ã $s�:$¦À »7`0Z © 15 # $ PÚ»7T'Z�¼ © 15 � $ ª $o¸ V,W,W © 16 ¸x$Ï¹N$Ï¹ T!T%½ © 16 Àj$
33T%»UT^X>W,* û7© 16 � $ÏÀ »UT%½6¾;T © 16 ª $ 6 $ Ã+`]½6½/c'»7V1W,W © 17 �:$¦� T%¾C|UT%¼'ZUT%½>V © 17 «x$¦�-û Z�»UT © 17 Ã $§ T%»�¾C`0Y © 17 ¬n$ ¥ $o¸ *'Z�¼ © 17 §J$ Ä3*Òò'T^W,Y;µhc�V © 17 ª $s§J$ 33V1[E»�¾;T'Z © 17 ¬n$ 6 $ Ã+`A[?µ © 18 «x$ ¥ $
�iV,Y>Z%`�½ © 18 �:$ ª $Ïº W]T'[A[0* © 18 �:$s«J$o¸ ` û Y>[E» © 18 ª $ ÄV½/*!Y>` ¿ `]½6¼ © 18 6 $¦À8$ #y*�[?µ¬¾?T^Z © 18 ¬n$À [E»UT'WBµ © 18 Ã $s«x$ÏÀ [E» û ¾�¾ © 18 «x$¦À `0V1_7`0Z © 18 §J$¦�:$ 6¨V,W1W,V,T%¾;Y © 18 ¥ $ ² $ 6¨V,W,Y/*!Z © 18 # $ ¿ $

6¨V,Z7Y�X©½/*1¾ © 18 � $¦� »%`0Z © 19 �:$o¸q$¦� »7`0Z�¼ © 19 «J$Ï§ ò'*1½>`fXBY;µkV1V © 19 º+$Ïº T'Z.¼ © 19 §J$ ² $`¸ V1XBW1V,Z © 19 ªr$
�:T%½/Y;µhc © 19 ¬n$Ï¹ V,T^XB`AZ9µ'* © 19 ºl$Ï�:$Ï¹ *1½�XB`]½ © 19 ² $ ¥vT'Z7[AV,Z7`AW,W1V © 20 Ã $7¬n$ ¥g`0T'_7*KJ<Y © 20 Ä $

¥gV1Y6»�½>T © 20 ¥ $�§J$sÀ *5µ'*!W1*[	 © 20 º+$ ÃlW]T'Z7[ © 21 ¹=$s�:$ Ã+W1*9*%¾ © 21 Àj$�� »7`0Z © 21 6 $9¬n$sº *1½>_ © 21 ª $�ºl$¸ VB½>Y>[E»7T û `�½ © 21 «J$ ÄV½>`AV,Y/`0W © 21 ¥ $ �:T(¼!`0W © 21 �x$ �5T û `AZ ¿ `�½8¼ © 21 «J$ ¿ W1VBò^T'Y © 21 ª $ ² $ÏÀ ¾CV1X©» © 21



Á Q'&
Ä $�«J$Ï� W|¾C`�½ © 21 Àj$ 3 $ 6­T%¼!Z7`]½ © 21 ª $ PÚ»UT^Z�¼ © 21 «x$¦� »7`0Z © 22 � $s«x$ ��[?µ¬»UT(½/X © 22 «x$¦À *[	j`�½ © 22
6 $o¸q$U¬ *5µ�V © 22 3 $ ª $ 6¨V,W1Y>*!Z © 22 º+$ 6¨V1Z9µkW|¾C`0V,`]½ © 22 % $ Po`0Z�¼ © 22 §J$Ï§J$s« WbXB`AZ ¿ û ½6¼ © 23 � $º `0W1X6½>`AY>V © 23 «J$`¸ T û µ^` © 23 ¸x$ ª!T'Y/|j`]½ © 23 ª $ ¥-`�½;µ^`0W © 23 «J$Ï¹ `fXd£A*!W,_ © 23 Ã $ÏÀ |UT!T^Z © 23

Ä $ 6­T'[?µ'`]½ © 23 ¬n$ Ã-½>T'Z7_%X © 24 � $ ÄnW,*'Y>` © 24 ¸x$ ¥ $ #yT'[?µ^`�½ © 24 6 $Ïºl$ ¥vT'_7`]½ © 24 3 $
�3*1¼!*KJ<Y;µkV © 24 ª $ÏÀ [E» û ¿ `�½/X © 24 Ä $ 3 $ÏÀ [E» û ¿ `�½�X © 24 3 $ÏÀ [E»DJ<V,`]½;£ © 24 ª $ � $¦À+û Z%_7`�½8¾?T'Z%Z © 24 «J$
��*!WBµ © 24 §J$ Ãl`�½>Z7T%½>_ © 25 ² $ 3 $ Ã+*!Z%Z7`dT û _ © 25 � $ #=TtXB* û ½ © 25 � » $U¬ »7V1` ¿ T û Ì © 25 ¥ $ ��`�½/_7`�½/V © 25¹N$ ª $¦� W]T%½Cµ © 26 6 $ ²V½BT'_7W © 26 º+$ ¥ û »7`AV|¾ © 26 Àj$s¹ W,TDckM2`]½ © 26 «x$`ªr$ 33* ¿ `]½/XBY/*!Z © 26 í $ ¶.V1` © 26 ¥ $« Z7_�½/`0*'X/XBV © 27 §J$ Ã+`AX/XB*!Z%V © 27 �:$ Ãl*0£E£AV © 27 3 $¦� T'W]T ¿ ½>`AY>` © 27 ² $Ï� V ¿ V,Z%`AX>X>* © 27 � $ # û |7|7V © 27 ¥ $

�3`�¼1½/V,Z7V © 27 «x$Ï¹ `AX6½>`AW,W]T © 27 # $Ï¹ V,`�¾C*!ZhXB`AY>` © 27 � $Ï¹ ½/`0Z7[AV,|8` © 27 º+$.« Z û W,W1V © 28 3 $
ÃmT'W1_7V,Z%V<ó º `]½6½>*'W,V © 28 «J$Ï� T'W1[dT^X>`�½8½BT © 28 3 $ _7` À T^Z�¼1½>* © 28 ² $�º V,Z7*�[0[E»%V]T%½/* © 28 Àj$Ï¹ T'[0`fX>X>V © 28 ¹=$¹ T^X>X>`�½/V © 28 ªr$ ¥ $Ï¹ `�½ û £E£AV © 28,† ¥ $Ï¹ V,[A[0*!W1* © 28 ¥ $ 33T%¾;T © 28 «x$ P#T'W,W1* © 28 «J$ Ã û £E£0* © 29 3 $� *!ZhX©½>V © 29 ¥ $ #�*]��`AX>`�½>` © 29 ¥ $ ¥ $ ¥vT'[]½>V © 29 ¥ $ 3 $ ¥g*!Z�¼'` © 29 Àj$Ï¹ T'Y>Y>T%¼1¼!V1* © 29 �:$¹ T^X©½/V|¼!ZUT^Z7V © 29 � $ 33* ¿ û X>X>V © 29 «x$¦À T'ZhX©½/*!Z7V © 29 Àj$7¬ *!Y>V © 29 Ä $¦Àj$¦� »UT'V1YBT'Z.¼ û T'ZhX©» û ¾ © 30 ¥ $
¥g*1½/V,V © 30 ª $ 6 û7© 30 3 $ÏÀj$�§gû ¿ VbXd£Eµhc © 31 ª $ ¥vT%½Cµ�Y © 31 Àj$¦À [E»7`AZ9µ © 31 �x$Ï� J+`]½ © 31 §J$ ª $ ÃmT%½>_ © 32¹=$Ï§J$Ï§ T û Z7[0`fc © 32 3 $ # $sº W]T'[?µ © 32 ª $s«x$ �:T'Y8» © 32 ¥ $ Ã $ �3VBµ^*!W,V1[E» © 32 6 $Ï¹ T'Z7_ û ½/*
��T5£�� û `E£ © 32 ¹=$ Ä $ Ã+`�»7`]½BT © 33 ¶ $¦� »UT'V © 33 ¥ $ ª $¦� »UT(½>W,`AY © 33 �q$ ¥vT'W1W,VBµ © 33 � $7¬n$ ¥g`fc!`]½ © 33
� $ PoV1`�¼!W1`�½ © 33 ª $Ï� *�[E»�½BT'Z © 34 ¸x$ Ã $¦� ½>TKJ<W1`Ac © 34 # $�§ *!Z�¼ © 34 � $ �Kc'¼!`0Y © 34 6 $U¬n$ ¥-`Ac!`]½ © 34Àj$Ï¹ ½/`0W,W © 34 � $`ªr$ 3<*!Y>`AZ ¿ `�½8¼ © 34 «J$ � $ 3 û ¿ V1Z © 35 «x$ � $ ²h½/V1XBY>T'Z © 36 «J$ ² $s§ `0Z%V|¼ © 36 ¥ $º ½>V1X>Y>[E» © 36 ² $ÏÀ [E»7*'X>X © 37 � $s« ½>ZUT û _ © 37 ¥ $Ï§ TNò�V,`]½ © 37 ² $ ²V½>*!Y/_7V,_7V1`�½ © 37 «J$o¸ON [?µ^`�½ © 37 � $
#�`0|8`0WbXBV1`�½ © 37 º+$ #�` § V ¿ `�½/_7`�½ © 37 «J$ ¥ $ # û X;£ © 37 Àj$�¹ ½ û ò!*^X © 37 Àj$ 3<*9_%V,`�½ © 37 ¹N$ 33* û _7`dT ûó© 37
¥ $o¸x$¦À [E» û Z7` © 37 ª $¦À `]½6½BT^Z7* © 37 «x$¦À XB*�[0[E»7V © 37 6 $Ïº+$ 6­T'Z�¼ © 37 ² $ 6­*1½8¾;Y/`�½ © 37 §J$ ª $

#=T^Z�¼!` © 38 §J$ ¥ $ 6â½>V|¼%»kX © 38 �:$s«J$s� »UTNò!`E£ © 39 ªr$ ª $�º *%½>Y/X>`�½ © 39 ª $ 3 $Ïº ½�c © 39 � $
²qT ¿ T^X©» û W1`�½ © 39 3 $ ²qT%¾C`AX © 39 §J$ � $o¸tû XB[E»7[]½>*'M�X © 39 §J$ ª $s¹ Tdc�Z7` © 39 Ä $¦�:$¦À [E»%*'wU`0W1_ © 39 �:$¬ * û ½BT%¾;T'Z7V1Y © 39 «x$ ª $ Ã+`�ò'T^Z © 40 Ä $�«J$ ²n`0*1½8¼!` © 40 º+$s§ V�#�*�_7*Òò9V1[0* © 40 6 $ ¥g`0Z�¼'`0Y © 40 3 $À T'[A[0* © 40 ² $Ï� *KJ+T'Z © 41 ¸x$Ï�q$sº W,T'`0[E»7`]½ © 41 §J$s«x$`¸ *'|9µkV,Z7Y © 41 ¹N$¦Àj$ ª!T'[?µkY/*!Z © 41 ¬n$ 3 $

¥g[N¥vT%»7*'Z © 41 º+$¦À T'W<ò^T^XB*1½/` © 41 «J$Ï�:$ 6â½>`AZ © 41 §J$ � $ Ã�½>*KJ<Z © 42 �:$ # $Ï§ TNò�V,Y © 42 ª $« W,W1V,Y>*'Z © 43 � $ 3 $ ÃmT%½>W1*KJ © 43 3 $ ª $ ÃmT%½>W1*KJ © 43 í $ ¥ $¦� »7V]T © 43 �:$ # $ �i_�¼!T%½ © 43 ² $s§J$
#yT�	j`�½/X�c © 43 ¬n$ ª $ 6­`AY/X © 43 ª $,ªr$ í V © 43 �:$s� »7`AZ © 44 6 $s§x$`¸tû W1Y ¿ `�½8¼!`0Z © 44 «J$ ª!TKJ+T%»7`]½/c © 44 �:$

Ä $ #yT'` © 44 §J$s«x$ 3<* ¿ `]½/X>Y © 44 ² $ÏÀ V|¾CV © 44 ² $ Ã+W]Tdc�W,*�[?µ © 45 �:$Ï§ T'W1W]T'|%V,[0[A*!W]T © 45 À8$¦Àj$¸ `]½/X;£ ¿ T'[E» © 45 ¶ $ #�V © 45 ¬n$ Ã $ ¥g*�*1½>` © 45 � $¦À T'WBò^T^X>V © 45 Àj$¦À T%½/`�¾CV © 45 3 $¦� *KJ+T'Z © 46 ² $



Á Q9�
À [0V1*!W,W,T © 46 Àj$ ª $ÏÀ `iµ û W]T © 46 ¥ $¦À |7V1X;£0ZUT%¼'`0W © 46 º+$7¬ Tdc9W1*1½ © 46 3 $ Ä $ í T%¾;T%¾C*'XB* © 46 ¸q$ Ä6VB¾ © 47Àj$ � $ ¥g[AW]T'[E»%W,V,Z © 47 ¹N$ ¥ $Ï¹ T^X>`0W © 47 Àj$o¸x$ 3<* ¿ `�½�XBY>*'Z © 47 «J$ #yT5£i£dT%½/* © 48 � $ #y*%¾ ¿ T%½/_7* © 48 ºl$¹ T^W,*1¾ ¿ * © 48 ª $ ¥ $ ÃmT û `]½ © 49 # $¦� ½/`�¾;T'W,_7V © 49 � $ �iY>[E»7`AZ ¿ û ½6¼ © 49 3 $ ²6*�_UT'Z.¼ © 49 3 $
Äh½/*9`]¼!`�½ © 49 §J$s«x$ÏÀ T'Z7_%`�½>Y © 49 §J$ ª $¦À+û ¾�¾;`]½>Y © 49 ¸x$ 6 $ PÚ»UT'* © 49 Àj$ Ã-½ û Z7`AX © 50 §J$¦� *'X6{ © 50

¥ $¦À VB¾?T(½>_ © 50 ¹N$7¬ T%½BT^Y © 50 º+$ Ã $ �.V]T û _ © 50 ¸q$ �5V1[E»7*!W,Y/*!Z © 51 � $¦� TNò'T^W,W,* © 52,‡ ² $s§ `
�:T%½/_7* © 52 º+$�º T ¿ *0£i£0V © 52,‡ �:$ ²qTtX>XB* © 52 # $ #�V,Y/XBT © 52 §J$ ¥-*!Z7*1½/[E»7V,* © 52 ¹N$Ï¹ T^*!W û [A[0V © 52 §J$¹ V,[A[0*!W1* © 52 �:$¦À [0V]T^[0[dT © 52 ¥ $s«J$ Ã+T!T5µ © 53 ² $ 35TNò'`0Z © 53 ¸x$ # $ÏÀ Z7*9`iµ © 53 �:$Ï¹N$ ª'`0Y/Y>*!| © 54 ª $
¥ $ #�* À `A[0[A* © 54 ² $ Ã+`0Z7`AW,W1V © 55 # $�«x$¦� *1½PJ<V1Z © 55 Ä $ Ä $ ²6T'Z © 55 Ä $`¸ *!Z7Y>[E»%`0V,_ © 55 §J$¸pû M2ZUT%¼'`0W © 55 ¸x$ Ä6T%¼hT^Z © 55 3 $ Ä6T'Y>Y © 55 ª $s¹N$ ¥g*%½6½>V1Y © 55 «x$ ¥ $ 33T%»7V|¾CV © 55 ª $ ª $

33`]¼!`0Z%Y ¿ û ½8¼!`�½ © 55 3 $U¬ `�½�ó « ZkX>*!ZhchT'Z © 55 % $ Ä $ 6­*'Z�¼ © 55 � $ # $ Ã+W,* û ZkX © 56 ª $ Ã-½>T û7© 56 3 $º ½>`Ac © 56 ¿ $`ª ¼!*!Z9µkV1ZUT © 56 ª $�«x$ Ä5*!W ¿ © 56 ¥ $ # ûó© 56 �:$U¬n$Ï¹ *'X/XB`�½ © 56 3 $ 35T%».¾?T^X © 56 � $ Ã $À V1Z7`]ò © 56 §J$¦À X6½>*1¾ © 56 ª $¦À X©½ û ¿ ` © 56 � $U¬ *1½8½>`0Z%[0` © 56 «x$ ²qT@£ © 57 ¥ $ ¥gT%½6¼!*'Z7V © 57 ¥ $
¥-*1½BT'Z%_7V,Z © 57 «J$s¹ *1¾;|%V,W,V © 57 ¥ $Ï¹ *!Y/*9[A[0* © 57 ¥ $ 3<*'X>*!Z7_7* © 57 º+$ÏÀ VB¾;*!Z%`AX>X>* © 57 3 $ÏÀ X6½>*!V1W,V © 57�:$ ��*�[0V © 57 � $ Ã+`0Z'ó ¸ T^V|¾ © 58 ¸x$ Ã�½>V]T^Z7_ © 58 ª $¦� »7T û ò!`0T û7© 58 ¹N$Ï§ TÒò�V1_ © 58 # $Ï§ `0W�Ã û *!Z7* © 58� » $ _7`6W]T ��T'V,Y/Y>VBz�½>` © 58 ¿ $`¸ T(¾;*!Z © 58 Ã $ # $o¸ T(½/X>w7`0W © 58 ¹ » $ #y`]½ û Y�XB` © 58 ª $ ¥vT'W,[AW|zAY © 58 ª $¿ [dT%½/VB£ © 58 # $ ²6W,T'_7Z7`fc © 59 ¥ $ Ã+V]T'Y/V,Z7V © 60 3 $Ï� *Òò^T%½>`AW,W1V © 60 �:$s« Z�¼!`AW,V1Z7V © 61 ² $ Ã+T^XBVB¼!ZUT'Z7V © 61 À8$
Ã+`fX>XrT(½>V,Z%V © 61 ² $�� T'W,_%`�½>V1Z7V © 61 ¥ $s� T%½>|7V1Z7`0W1W,V © 61 3 $�� `0Z7[AV © 61 ºl$�º *1½/X>V © 61 ¥ $.«x$ ²nV,*1½8¼!V © 61 «x$
# û Y>V,T'Z7V © 61 ² $ ¥vT%½/[E»7V,*%½>V © 61 ¥ $s«x$ ¥vT5£ û ½ © 61 ¥ $ ¥g*1½6¼!T'ZhXBV © 61 � $ �3`�½/V © 61 � $s¹ T'*!W1*!Z7V © 61 ² $
33Vc£E£0* © 61 ª $ ª $ 6­T'W,Y8» © 61 ¥ $o¸ T'V|½/` © 62 ª $ ÃlV,`0Y/V]T'_7T © 63 ¹=$ ��WB¾;`]½ © 63 í $Ï¹N$ #=T û7© 63 �:$ # û7© 63 ª $¿ W,Y/`0Z © 63 «J$ ª $ÏÀ8$ÏÀ ¾CV1X©» © 63 «x$ � $7¬ `AW,Z7*Òò © 63 º+$ Ã+`0W1W,V1Z7V © 64 ² $Ï� TNò!*'X>* © 64 «x$s§ ¿ ¿ ½>T5£0V1* © 64 §J$
_%`0W�3<` © 64 � $Ï§ V�¥vT(½>[0* © 64 3 $sº T'[A[0V1Z7V © 64 º+$sº `�½8½BT%½/*'X>X>* © 64 º+$Ïº `]½6½>*'Z7V © 64 ¥ $ ²qT^Y>|8`�½>* © 64 ¹N$§J$ ª!T'[?µkY>*'Z © 64 # $ #yV\²nV,*'V © 64 ¥ $s«J$ ¥gT5£E£A*!Z7V © 64 Àj$ ¥g*1½8¼hT'ZhXBV © 64 ² $�¹ VB½>`A_7_UT © 64 ºl$s¹ *!W1[0V © 64�:$ ��*�`0ZUT © 64 ¥ $ � ¿ `]½/X © 65 ¸x$ÏÀ [E».½ N _7`�½ © 65 3 $ 6­T'W,_%V © 65 ¬n$s« _%c!` © 66 ² $Ï� T'Y�XB`AW,W,V © 66 Ã $º ½BT^Z7`Eµ © 66 � $ ¿ $ ¿ W]T'VbchT © 66 Àj$ 3<V,[0[AV]T%½/_7V © 66 6 $ 3<*9`fX©»7`AW © 66 º+$�º+$ 6¨V,W1Y>*!Z © 66 3 $s« W,`iµkYBT'Z © 67Àj$ �æ¾;`]½/c © 67 ¥ $ �iY>[dT^V,W,V1`�½ © 67 «J$ ²qT'V1_7*'X © 67 Àj$Ïº+$ ²qT'Z,£�» û ½ © 67 ² $`¸ T%¾;`AW#_7`
¥-*!Z7[E»7`AZUT û WbX © 67 6 $ Ä5*5£dT'Z7`A[?µkV © 67 ¥ $ #�`�¼'`0Z7_�½/` © 67 ² $ ��T'Y/Y>` û ½ © 67 � » $ í zA[E»7` © 67 ¥ $
PoV1X>* © 67 ¶ $ 3 $Ï� »%`0Z © 68 ¸x$ #yV û7© 68 6 $Ï¹ T%½;µ © 68 ¥ $ � $Ï¹æû ½/*1»7V1X © 68 ª $ 3 $ 6¨V,W1Y>*!Z © 68 ¥ $U¬n$« W1W,`AZ © 69 §J$s« Y/X>*!Z © 69 3 $ ÃmT%½�XB*!W1_ û Y © 69 ¹N$ Ã+`A[E»kX>W,` © 69 � $ Ã+`]½6¼!`]½ © 69 3 $¦� W]T û Y © 69 ª $Ï¹=$� *!W,`]¾?T'Z © 69 ¥ $ 3 $Ï� *!Z�ò!`]½/c © 69 ª $Ï�:$Ï§ V,Z�¼'M2`AW,_7`]½ © 69 ª $Ï§ *1½/M~T'Z © 69 ² $�¹N$§tû ¿ *'V,Y>ó º `0W,Y8¾?T^Z7Z © 69 §J$Ï§gû \8¾CV,[ © 69 6 $Ï§gû ZDJl*9*�_7V,` © 69 3 $¦�:$Ïº V,`AW,_ © 69 ¬n$ ²6W,T'Z9£]¾?T'Z © 69 Àj$



Á Q Á
ª $ ²n*KJ<_%c © 69 ¥ $U¬n$ ²h½>T%»UT%¾ © 69 ¹=$ ²V½>`0Z%V,`�½ © 69 � $o¸ T'Wbc!* © 69 �:$o¸ T'Y�X © 69 ¬n$`¸ ½/c�Z7¿ *Òò'T © 69 6 $
3 $,ª Z7Z7`0Y © 69 ¥ $o¸x$ Än`0W1Y>`fc © 69 ¹N$ Ä6VB¾ © 69 §J$ 6 $ ² $ÏÀ8$ #y`AV1X6» © 69 Àj$ #�V © 69 Àj$ # û V1X;£ © 69 � $
# û X6» © 69 ¸x$ # $ ##c�Z7[E» © 69 §J$ Ã $ ¥vT'[ º T(½>W]T^Z7` © 69 ¸q$ ¥vT%½/Y>V1Y;µ'` © 69 3 $ ¥-`0Y>Y/Z7`�½ © 69 §x$ 3 $

¥ û W1W,`�½ © 69 �:$Ï¹N$ ¿ ¿q²V½BT'_%c © 69 � $ � $ ¿ £0[0T'Z © 69 «x$Ï¹ `�½>T5£E£A* © 69 ¥ $Ï¹ `�½>W © 69 ¬n$Ï¹æû W,W1V]T%¾ © 69 Ã $
� $ 35T^X>[0W1V
	 © 69 «x$ 3<*9*�_�¾;T'Z © 69 «J$.«x$ÏÀ T'W1Z7VBµ^*Òò © 69 3 $9¸x$ÏÀ [E»%V,Z7_7W1`�½ © 69 ª $ÏÀ [E»DJ<V1`0Z7V1Z�¼ © 69 «x$À Zkc�_7`]½ © 69 ª $¦À X>`0WB£A`�½ © 69 §J$¦À+û7© 69 ¥ $ Ä $sÀ+û W,W1VBò^T'Z © 69 Ä $¦À+û £ û µkV © 69 Àj$ Ä $¦À J+T'V1Z © 69 ª $ ¥ $¬ »7*1¾C|7Y>*'Z © 69 ª $ ��T,¿ ò'½BT © 69 � $ ò^T'Z ÃmT5µ'`AW © 69 «x$s¹N$ 6­T%¼!Z7`]½ © 69 ¥ $ 6p`dTNò!`]½ © 69 6 $
ª $ 6¨V,Y/Z7V,`MJ<Y;µkV © 69 ¥ $ 6¨VbX>X©¼'`0Z © 69 §x$o¸x$ 6â½>V|¼%»kX © 69 ¸q$ 6 $ 6 û W,Y/V,Z © 69 «J$ Ä $ í T%½8½>V1X û7© 69 Ä $í V © 69 �:$¦�:$ í * û Z�¼ © 69 ¹N$ 3 $ Ã û ½>[E»UT^X © 70 «J$ ª $ �i_,J+T%½/_7Y © 70 Àj$s«x$ ¥vT�\/`QJ<YCµkV © 70 Ã $s«x$¹ `AXB`]½>Y/`0Z © 70 # $ 6¨V,W1_7`0Z © 70 Àj$�« ».¾;`A_ © 71 ¥ $¦Àj$s« W]T%¾ © 71 3 $ Ã û W]T © 71 ª $s«x$ �æ½>Z7Y�X © 71 � $
ª!T^V,Z © 71 Ã $Ï¹ T'Z © 71 ¥ $s«J$¦À T^`0`0_ © 71 º+$ 3 $ 6{T^|7|7W,`]½ © 71 À8$ Ã $ P#T'V,Z © 71 6 $ Ã û ¼1¼ © 72 ¥ $

ÄV½>V,Y8»7ZUT%¾ û ½/X6»kc © 72 Àj$ ¥ $¦À |UT'Z7V1`�½ © 72 3 $ �i[?µ¬¾;T'Z7Z © 73 ª $ # $ 3<V1XB[E»%V,` © 73 �:$ ª $¦À [E»7V1W,W,V1Z�¼ © 73
3 $sºl$ÏÀ [E»DJ<V1X/XB`�½/Y © 73 ª $ ¥ $`ª £A`0Z © 74 ¶ $¦�:$ #y* û7© 74 Àj$ í ` © 74 º+$ Ã+V,T'Z7[E»7V © 75 º+$ ²6T'W1W,* © 75 §J$
²6T%¾ ¿ T © 75 ¥ $Ï¹ `0W,W1V,[A[0V,*'Z7V © 75 ¥ $ Ã+*%¾ ¿ `AZ © 76 # $ Ã+*!Y/V,Y/V,* © 76 �:$¦� T%½/XBT%½>* © 76 º+$Ï� *!Y/Y û X/XBV © 76
² $s§ `AW,W]T]3<V,[A[dT © 76 # $ #=T^Z7[0`]½>V © 76 # $ �:V1XBT'W,` © 76 � $.« £E£A*!W,V1Z7V © 77 � $ #�*!|8`E£¡ó>¥vT(½>[E» © 77 º+$
¥vT%½�XBV1Z7`E£¡ó��.V1_UT'W © 77 «x$ ¿ c!T'Z�¼ û ½>`0Z © 77 ª $s« W ¿ `�½�X © 78 À J $ ÃmT'Z7`]½C\/`0` © 78 Ã $ Ã-» û c!T'Z © 78 Ä $¸ T%¾;T'Z7* © 78 3 $ Ä3*KJmT'W1`QJ<YCµ�V © 78 ªr$ ¥ $ � û ¼!`0ZhX © 78 ª $ ¥ $ 33*'Z7`Ac © 78 3 $ ª $¦À * ¿ V,` © 78 ª $ ª $

ÃmT'[?µ © 79 ¹=$Ïº+$`¸ T(½6½>V1Y>*!Z © 79 ¬n$ � $ #=TtX©»UT%¾ © 79 ² $ Ã $ ¥-*1»UT'ZhX�c © 79 ¥ $Ï¹ T'|7|7T%¼hT'W1W,* © 79,§ ¸x$ 3 $
ÃmT'Z7_ © 80 ¶ $¦� »7`0Z © 80 Àj$Ï§ T'Y û7© 80 Ä $7¬n$Ïº W,*�*�_ © 80 ª $ ª $o¸ *!W,W,T%½ © 80 ¹N$ � $ Ä û X/XB`�½ © 80 Ã $

¥g`AW,W,T'_7* © 80 í $Ï¹ T^Z © 80 ¥ $Ï¹ V,`]½>V,Z%V © 80 3 $Ï¹ ½>`A|j*'Y/X © 80 À8$ # $ 6 û7© 80 P $ í û7© 80 T'Z7_ ¸x$ �3`dT'W 81
� ¬ »%`(G~I<GJILK � *!W1W]T ¿ *1½>T^XBV1*!ZQ


1 Ý#Ï � Ú Ð>Ï'õ Ú ö�ÐBÓxÔ�Ó � Î�Ü�Øfö¯5 � ÓxÔ�ÓrØ � Ï'Ð·õÒö}Ö ��ç ÓrØEDSRUTWV �IXQY ÍST þ Ä{Ófõ[Z ü öÝ9'ÓfÐrØfö�õ]\xÔ�ÓhÄjÏ%9 Ú ö}ÓEDJ�~_^U`bac` � C üUü ÓrÖfÜ ~ ÝyÓ ~ Û�ö}Ó � 7(D J Ð/Ï ü ÖrÓ
2 Z ü öÝ9'ÓfÐBØfö�õ�Ï'õ+Ô�Ó H Ï'ÐBÖrÓ ç,Útü Ï�D J Ï�Ö �9ç õ}Ï'õlÔ�Ó J ö,Øfö}Ö>Ï�Dd�JÓ�ù%Ï'Ðfõ}Ï'û?Ó ü õ³}:ÍNÿaDæ} ~fehg�e V gH Ï'ÐrÖrÓ ç,Útü Ï�D�Ä!ù%Ï'ö ü
3 Z ü öÝ9'ÓfÐBØfö�õ æ Ô'ö H Ï'Ðfö|Dd�6öOù%Ï'Ð·õÒö�û?Ó ü õ Ú Ô'ö J ö,Øfö}Ö>Ï?Ï ü Ô1R�T J TpDdR ~_^he � V,i H Ï'Ðfö|DjRfõ}Ï ç Ü

4 R ü Øfõ~ö�õ � õ�Ó Ú ú Ã öbÑtÎk} ü ÓfÐÒÑ'Ü � Î�Ü�Øfö}ÖrØED H Ófö k·ö ü Ñ � eDeDehXla D<ÍNÎ�ö ü Ï
5 Z ü öÝ9'ÓfÐBØfö�õ~Ü Ú ú H ÓfÐÒÑ�Ó ü DSR ü ØfõÒö�õ � õ4Ó Ú ú � Î�ÜDØfö}ÖrØED&T ~Em
eDe�^hH ÓfÐÒÑ�Ó ü D8T Ú Ð·ø�Ï'Ü

6 Ý�Ï'øiÐBÓ ü ÖrÓ H ÓfÐr×hÓ ç ÓfÜ1TnÏ'õÒö Útü Ï ç Ý#Ï � Ú Ð/Ï'õ Ú ÐfÜ?Ï ü ÔnZ ü öÝ9'ÓfÐBØfö�õÒÜ Ú úCÍ�Ï ç ö ú Ú Ð ü ö~Ï�D H ÓfÐB×hÓ ç ÓfÜÒD



Á Q'"
Í�Ï ç ö ú Ú Ð ü ö~Ï ac`�^ V e DoZ�Ä C

7 Z ü öÝ9'ÓfÐBØfö�õÒÜ Ú ú H ö�Ð·û�ö ü ÑtÎ%Ï'ûPD H ö�Ðfû�ö ü ÑtÎ%Ï'ûPD H � m V#Õ�ÕWDpZ ü ö�õ�Ó>Ôrqqö ü ÑhÔ Ú û
8 þc� Î�ÐsZ ü öÝ9'ÓfÐBØfö�õut'õ H:Ú ÖrÎ � ûPDSR ü ØfõÒö�õ � õ8ú_v�Ðh}�7AùUÓfÐ·ö�û?Ó ü õ}Ï ç ùUÎ�Ü�Øfö,× � D8� ~w`D`�^Kg�e¢H.Ú ÖrÎ � ûPDÙ ÓfÐ·ûCÏ ü Ü

9 Z ü öÝ9'ÓfÐBØfö�õ~Ü Ú ú H Ðfö,Øfõ Útç D H Ð·ö,Øfõ ÚtçÚH Ä g � Õ#Ý�DoZ ü ö�õ4Ó>Ôrqqö ü ÑhÔ Ú û
10 Z ü öÝ9'ÓfÐBØfö�õÒÜ Ú ú H Ð·ö�õ~ö,ØrÎ
Í ÚtçG� û � ö~Ï�DqÛUÏ ü Ö Ú�� 9'ÓfÐ©D H Ð·ö�õ~ö,ØrÎ
Í ÚtçG� û � ö~Ï�D3Í�Ï ü ÏhÔhÏ­Ûdi�Õ �hx°�

11 H Ð ��ü Ó ç Z ü öÝ9'ÓfÐBØfö�õÒÜÒD[ZÕ7 � Ð·ö~ÔDÑ�ÓEDKÿvö~ÔhÔ ç ÓrØDÓ87yZ HOgzX(��Ã D[Z ü ö�õ�Ó>Ôrqqö ü ÑhÔ Ú û
12 Hc� Ôt×hÓfÐ�R ü Øfõ~ö�õ � õ�Ó Ú ú�T � Ö ç Ó>Ï'Ð � Î�Ü�Øfö}ÖrØED&T Ú 9 Ú Øfö � ö�ÐBØr×{i X�eDe|a
e D þc� ØrØfö~Ï
13 Z ü öÝ9'ÓfÐBØfö�õÒÜ Ú ú)Í�Ï ç ö ú Ú Ð ü ö~ÏHÏ'õdRfÐ¡9Dö ü ÓEDjR·Ð�9Dö ü ÓED<Í�Ï ç ö ú Ú Ð ü ö~Ï a V,i a�^ DpZIÄ C

14 Z ü öÝ9'ÓfÐBØfö�õ~Ü Ú úCÍ�Ï ç ö ú Ú Ð ü ö~Ï?Ï'õiÝ Ú Ø C ü Ñ�Ó ç ÓrØEDeÝ Ú Ø C ü Ñ�Ó ç ÓrØED3Í�Ï ç ö ú Ú Ð ü ö~Ï a
eDe V ` DpZ�Ä C
15 Z ü öÝ9'ÓfÐBØfö�õÒÜ Ú úCÍ�Ï ç ö ú Ú Ð ü ö~Ï?Ï'õ þ öÝ9'ÓfÐBØfö~Ô�ÓED þ öÝ9'ÓfÐBØfö~Ô�ÓED3Í�Ï ç ö ú Ú Ð ü ö~Ï a V m V � DoZ�Ä C
16 Z ü öÝ9'ÓfÐBØfö�õ~Ü Ú ú)Í�Ï ç ö ú Ú Ð ü ö~Ï?Ï'õ�ÄjÏ ü �6ö}Ó}Ñ Ú DNÝ�Ïw� Útç�ç Ï�D3Í�Ï ç ö ú Ú Ð ü ö~Ï a V e|a}X DpZ�Ä C

17 Z ü öÝ9'ÓfÐrØfö�õ~Ü Ú úCÍ�Ï ç ö ú Ú Ð ü ö~Ï;Ï'õZÄjÏ ü õ}Ï H Ï'Ð � Ï'Ð/Ï�D³ÄjÏ ü õ}Ï H Ï'Ð � Ï'Ð/Ï�D3Í�Ï ç ö ú Ú Ð ü ö~Ï a}X � e iÒDoZIÄ C
18 Z ü öÝ9'ÓfÐrØfö�õ~Ü Ú ú)Í�Ï ç ö ú Ú Ð ü ö~ÏHÏ'õZÄjÏ ü õ}ÏvÍKÐ � F�DdR ü Øfõ~ö�õ � õ4Ó�ú Ú Ð � Ï'Ð·õÒö}Ö ç Ó � Î�ÜDØfö}ÖrØED�ÄjÏ ü õ}ÏvÍKÐ � F�D

Í�Ï ç ö ú Ú Ð ü ö~Ï aDm
e i ` DoZ�Ä C
19 Í�Ï ç ö ú Ú Ð ü ö~Ï[R ü Øfõ~ö�õ � õ�Ó Ú úLÕjÓrÖrÎ üoÚtç,Ú Ñ'ÜÒD � ÏtØ0ÏhÔ�Ó ü Ï�D<Í�Ï ç ö ú Ú Ð ü ö~Ï a ��� V m D~Z�Ä C

20 Z ü öÝ9'ÓfÐBØfö�õÒÜ Ú úCÍKö ü Öfö üUü Ï'õÒö|D�ÍKö ü Öfö üUü Ï'õÒö|D<ýlÎ�ö Úp`bm VDV � DoZIÄ C
21 Z ü öÝ9'ÓfÐBØfö�õ~Ü Ú ú)Í Útç,Ú Ð/ÏhÔ Ú D H:Ú��9ç Ô�ÓfÐ©D3Í Útç,Ú Ð/ÏhÔ Ú�g�ehX�e|a DpZ�Ä C

22 Í Útç,Ú Ð/ÏhÔ Ú Ä�õ}Ï'õ�Ó�Z ü öÝ9'ÓfÐBØfö�õ~ÜÓD J=Ú Ð·õ5Í Útç�ç ö ü ØED<Í Útç,Ú Ð>ÏhÔ Ú�g�e|m V X DpZIÄ C
23 Z ü öÝ9'ÓfÐBØfö�õut'õ�� Ú Ð·õ~û �9ü Ô�DjR ü Øfõ~ö�õ � õ8ú_v�Ð � Î�Ü�Øfö,×ÒD&� ~w`D` VDV � � Ú Ð·õÒû ��ü Ô�D Ù ÓfÐ·ûCÏ ü Ü

24 ÕjÓrÖrÎ ü ö,ØDÖrÎUÓ�Z ü öÝ9'ÓfÐBØfö�õut'õ��nÐrÓrØ0Ô�Ó ü DjR ü Øfõ~ö�õ � õ8ú_v�ÐWq�ÓfÐ ü¸�9ü ÔpÕ8Ófö ç ÖrÎUÓ ü ùUÎ�Ü�Øfö,×ÒDj� ~fe � e i�V
�6ÐBÓrØ0Ô�Ó ü D Ù ÓfÐ·ûCÏ ü Ü

25 Ý#Ï � Ú Ð/Ï'õ Ú ö�ÐBÓnÝyÓ�ù8Ð·ö ü ÖrÓ ~Ùþ ö ü Ñ � Ófõ�D�ÍST þ Ä Y R�T�V �IX D³}<Ö Útç Ó �<Útç Ü^õ�ÓrÖrÎ ü ö¯5 � ÓED J�~Ea ��� V g� Ï ç Ï'ö,ØDÓ>Ï � D J Ð>Ï ü ÖrÓ
26 Z ü öÝ9'ÓfÐrØfö�õ~Ü Ú úg}mÔ'ö ü � � ÐÒÑtÎ�D³}mÔ'ö ü � � Ð}ÑtÎS} Ã~a�X � x DoZ ü ö�õ�Ó>Ôrqqö ü ÑhÔ Ú û

27 Z ü öÝ9'ÓfÐBØfö�õ æ Ô'ö J ÓfÐ·Ð/Ï'Ð/Ï�D8�6öOù%Ï'Ð·õ~ö�û?Ó ü õ Ú Ô'ö J ö,Øfö}Ö>ÏHÏ ü Ô1RUT J TpDdR ~w`D` � eDeTJ ÓfÐ·Ð/Ï'Ð/Ï�DSRfõ}Ï ç Ü
28 Ý�Ï � Ú Ð/Ï'õ Ú Ð·öST6ÏÒF0ö Útü Ï ç öiÔ'ö J Ð/ÏtØDÖ>Ï'õ~öiÔ�Ó ç�çf� R�T J TpDSR ~feDeDeM`D`\J Ð/ÏtØDÖ>Ï'õ~ö|DSRfõ}Ï ç Ü

29 Z ü öÝ9'ÓfÐBØfö�õ æ Ô'ö Ù Ó üoÚ 9tÏ�D8�6öOù%Ï'Ð·õ~ö�û?Ó ü õ Ú Ô'ö J ö,Øfö}Ö>ÏHÏ ü Ô1RUT J TpDdR ~ � i � ` i Ù Ó üoÚ 9tÏ�DSRfõ}Ï ç Ü
30 Ã Ï'Ð¡9tÏ'Ð>ÔyZ ü öÝ9'ÓfÐBØfö�õÒÜÒD5Í�Ï'û � Ð·ö~ÔDÑ�ÓEDeÿ�ÏtØrØ0Ï�ÖrÎ � ØDÓfõ~õ�Ø e V � XDg DoZIÄ C

31 Z ü öÝ9'ÓfÐBØfö�õ;t'õ Ã Ófö~Ô�Ó ç � ÓfÐ}Ñ�D � Î�ÜDØfö,×'Ï ç ö,ØDÖrÎUÓrØ�R ü ØfõÒö�õ � õÝD � Î�ö ç,Ú Ø Ú ùUÎUÓ ü ø+Ó}Ñ � V%D&� ~ i a � V e



Á Q Ë
Ã Ófö~Ô�Ó ç � ÓfÐÒÑ�D Ù ÓfÐ·ûCÏ ü Ü

32 Rfû:ùUÓfÐ·ö~Ï ç Í Útç�ç Ó}Ñ�Ó:Ý Útü Ô Útü DeÝ Útü Ô Útü D³Ä�� ^ V C x D[Z ü ö�õ4Ó>Ôrqqö ü ÑhÔ Ú û
33 Z ü öÝ9'ÓfÐBØfö�õ~Ü Ú ú�R Ú ø�Ï�DjR Ú ø�ÏgÍKö�õÒÜÒDdR Ú ø�Ï m VDV ` V%DpZ�Ä C

34 R Ú ø�Ï�Ä�õ�Ï'õ�Ó�Z ü öÝ9'ÓfÐrØfö�õ~ÜÒD C û?ÓrØEDSR Ú ø�Ï m
eDe ��� ~.X � i e DpZIÄ C
35 � Ú Î ü Ø ÃqÚ ùU×tö ü Ø�Z ü öÝ9'ÓfÐrØfö�õ~ÜÒD H Ï ç õÒö�û Ú ÐBÓEDNÿ�Ï'Ð·Ü ç Ï ü Ô{V � V � g DoZ�Ä C

36 Z ü öÝ9'ÓfÐrØfö�õut'õ8qJÏ'Ð ç ØfÐ � ÎUÓEDdR ü Øfõ~ö�õ � õ�ú_v9ÐY}�7AùUÓfÐ·ö�û?Ó ü õ4Ó ç�ç Ó�q�ÓfÐ ü ùUÎ�ÜDØfö,×ÒDd� ~_^ i e V � qJÏ'Ð ç ØfÐ � ÎUÓEDÙ ÓfÐ·ûCÏ ü Ü
37 Ý#Ï � Ú Ð/Ï'õ Ú ö�ÐBÓJÔ�Ó çf� C ÖrÖ�\ ç \fÐ/Ï'õ4Ó � Ð.ÝNö ü \>Ï'ö�ÐrÓEDjR�T�V �$XQY ÍST þ Ä­Ófõ[Z ü öÝ9'ÓfÐBØfö�õ]\ � Ï'Ð·ö,Ø ~ Ä � Ô ��� D

ÍlÓ ü õ~ÐBÓVÄ#Öfö}Ó ü õÒö K�5 � ÓxÔ � ýmÐBØ0Ï'ÜÒD H � � � XL` D J�~Ea � gla}g ý þ Ä C þªÍlÓ>Ô�Ó87(D J Ð/Ï ü ÖrÓ
38 Ý#Ï'øiÐBÓ ü ÖrÓ.ÝNöÝ9'ÓfÐ·û Ú ÐBÓWT6Ï'õ~ö Útü Ï ç Ý#Ï � Ú Ð/Ï'õ Ú Ð·ÜÒDiÝNöÝ9'ÓfÐfû Ú ÐBÓED3Í�Ï ç ö ú Ú Ð ü ö~Ï ac`bmDm
e DoZ�Ä C

39 Z ü öÝ9'ÓfÐBØfö�õÒÜ Ú ú.ÝNöÝ9'ÓfÐ�ù ÚDÚtç DKÝNöÝ9'ÓfÐ�ù ÚDÚtç Ý�i a�^ x }ZD[Z ü ö�õ�Ó>Ôrqqö ü ÑhÔ Ú û
40 � � ÓrÓ ü ÿ�Ï'Ð·ÜÒD[Z ü öÝ9'ÓfÐBØfö�õ~Ü Ú ú:Ý Útü Ô Útü D³} � ` TtÄ�D[Z ü ö�õ�Ó>Ôrqqö ü ÑhÔ Ú û

41 Z ü öÝ9'ÓfÐBØfö�õ~Ü Ú ú5Ý Útü Ô Útü D þ3Ú Ü'Ï çÚÃqÚtç�ç,Ú ø�Ï'Ü?Ï ü Ô H Ó>Ô/ú Ú Ð>Ô1TxÓfø�Í Útç�ç Ó}Ñ�ÓED�}iÑtÎ%Ï'ûPD³Ä � Ð·ÐBÓfÜ
Õ��sV e{e }³·YD[Z ü ö�õ4Ó>Ôrqqö ü ÑhÔ Ú û

42 Z ü öÝ9'ÓfÐBØfö�õ~Ü Ú ú:Ý Ú�� ö,Ø�9Dö ç�ç ÓEDKÝ Ú�� ö,Ø�9Dö ç�ç ÓEDdq�Ó ü õ � Ör×tÜ `5e V a V%DpZ�Ä C
43 Z ü öÝ9'ÓfÐBØfö�õ~Ü Ú ú.ÿ�Ï ü ÖrÎUÓrØfõ�ÓfÐEDeÿ�Ï ü ÖrÎUÓrØfõ�ÓfÐ:ÿ � Xsa�� Ý�D[Z ü ö�õ4Ó>Ôrqqö ü ÑhÔ Ú û

44 Z ü öÝ9'ÓfÐBØfö�õ~Ü Ú ú.ÿ�Ï'Ð·Ü ç Ï ü Ô�D3Í Útç�ç Ó}Ñ�Ó � Ï'ÐB×ÒDKÿ�Ï'Ð·Ü ç Ï ü Ô{V e�^U` V%DpZ�Ä C
45 Z ü öÝ9'ÓfÐBØfö�õ~Ü Ú ú5ÿ�ÏtØrØ0Ï�ÖrÎ � ØDÓfõÒõ�ØED C ûJÎUÓfÐBØfõ�Deÿ�ÏtØrØ0Ï�ÖrÎ � ØDÓfõÒõ�Ø e � eDehX DpZIÄ C

46 ÿ�ÏtØrØ0Ï�ÖrÎ � ØDÓfõ~õ2Ø�R ü ØfõÒö�õ � õ�Ó Ú úHÕ8ÓrÖrÎ üoÚtç,Ú Ñ'ÜÓDNÝ�Ï � Ú Ð/Ï'õ Ú Ð·Ü3ú Ú ÐWT � Ö ç Ó>Ï'ÐVÄ#Öfö}Ó ü ÖrÓED<Í�Ï'û � Ð·ö~ÔDÑ�ÓED
ÿ�ÏtØrØ0Ï�ÖrÎ � ØDÓfõ~õ2Ø e V � Xla DoZIÄ C

47 ÿpÖ Ù ö ç�ç Z ü öÝ9'ÓfÐBØfö�õÒÜÒDiÿ Útü õÒÐU\>Ï ç D � � \ � ÓrÖED3Í�Ï ü ÏhÔhÏ ÃWX C V#Õ g
48 Z ü öÝ9'ÓfÐBØfö�õ æ Ô'öeÿvö ç Ï üoÚ D8�6öOù%Ï'Ð·õ~ö�û?Ó ü õ Ú Ô'ö J ö,Øfö}Ö>ÏHÏ ü Ô1RUT J TpDdR ~ V e � XDX ÿ�ö ç Ï üoÚ DjRfõ}Ï ç Ü

49 Z ü öÝ9'ÓfÐBØfö�õÒÜ Ú ú:ÿvö,ØrØfö,ØrØföOùhù8ö|DoZ ü öÝ9'ÓfÐrØfö�õ~ÜÒDiÿ�ö,ØrØfö,ØrØföOùhù8ö XDg i ^D^ D~Z�Ä C
50 Z ü öÝ9'ÓfÐBØfö�õ.\JÔ�Ónÿ Útü õÒÐU\>Ï ç D � Î�ÜDØfö¯5 � ÓJÔ�ÓrØ � Ï'Ð·õ~ö}Ö �9ç ÓrØEDiÿ Útü õ~Ð�\>Ï ç D � � \ � ÓrÖED3Í�Ï ü ÏhÔhÏ Ã~X ÍX � ^

51 ÿ Ú���ü õ ÃqÚtç Ü Ú ×hÓCÍ Útç�ç Ó}Ñ�ÓED³Ä Ú�� õ�Î Ã ÏhÔ ç ÓfÜÒDKÿ�ÏtØrØ0Ï�ÖrÎ � ØDÓfõ~õ�Ø e � e�^�m DoZ�Ä C
52 Z ü öÝ9'ÓfÐBØfö�õ æ Ô'ödT6Ïfù Útç ö J Ó>Ô�ÓfÐ·ö}Ö Ú RPRED8�nöOù%Ï'Ðfõ~ö�û?Ó ü õ Ú Ô'ö³Ä#Öfö}Ó ü FtÓ J ö,Øfö}ÖrÎUÓqÏ ü Ô1R�T J TpD

R ~.g�e � V,iÒDST6Ïfù Útç ö|DjRfõ}Ï ç Ü
53 T@RUq Ã } J D&TnÏ'õ~ö Útü Ï ç R ü Øfõ~ö�õ � õ�Ó�ú Ú Ð~T � Ö ç Ó>Ï'Ð � Î�ÜDØfö}ÖrØxÏ ü Ô Ã öbÑtÎM} ü ÓfÐ}Ñ'Ü � Î�Ü�Øfö}ÖrØED

T5Ý ~ � eDe|a � H C ûJØfõ4ÓfÐ/ÔhÏ'ûPDnÕ#ÎUÓ�TxÓfõ�ÎUÓfÐ ç Ï ü ÔtØ



Á Q}�
54 Z ü öÝ9'ÓfÐBØfö�õ~Ü Ú ú�T Ú õ~ÐBÓo�qÏ'û?ÓEDdT Ú õÒÐBÓp�xÏ'û?ÓEDjR ü Ô'ö~Ï ü Ï ` i mDm iÒDoZIÄ C

55 ýlÎ�ö Ú Ä�õ}Ï'õ�Ó�Z ü öÝ9'ÓfÐBØfö�õ~ÜÓD5Í ÚtçG� û � � ØED<ýlÎ�ö Úp`!X V � e DoZIÄ C
56 Z ü öÝ9'ÓfÐBØfö�õÒÜ Ú úCýmÐBÓ}Ñ Útü D³} � Ñ�Ó ü ÓED<ýmÐrÓ}Ñ Útü�a�^U`5ehX DoZ�Ä C

57 Z ü öÝ9'ÓfÐBØfö�õ æ Ô'ö � ÏhÔ Ú 9tÏ�D8�6öOù%Ï'Ð·õ~ö�û?Ó ü õ Ú Ô'ö J ö,Øfö}Ö>ÏHÏ ü Ô1RUT J TpDdR ~.Xlm � X � � ÏhÔ Ú 9tÏ�DSRfõ}Ï ç Ü
58 Ý�Ï � Ú Ð/Ï'õ Ú ö�ÐBÓxÔ�Ó � Î�Ü�Øfö¯5 � Ó~T � Ö ç \>Ï'ö�ÐBÓ�Ófõ+Ô�Ó Ã Ï � õ�ÓrØQ} ü ÓfÐÒÑ'ö}ÓrØEDSRUTWV �IXQY ÍST þ Ä�D

Z ü öÝ9'ÓfÐBØfö�õ.\ � ö}ÓfÐ·ÐBÓ�Ófõiÿ�Ï'Ð·ö}Ó;Í � Ðfö}Ó ~Ù� Ï'Ð·ö,ØKiÒDoZ ü öÝ9'ÓfÐBØfö�õ.\W�JÓ ü ö,ØW�6ö~Ô�ÓfÐ Ú õ ~Ù� Ï'Ð·ö,Ø ^ D J�~_^�m V m V� Ï'Ð·ö,ØED J Ð/Ï ü ÖrÓ
59 Z ü öÝ9'ÓfÐBØfö�õ~Ü Ú ú � Ó üUü ØfÜ ç 9tÏ ü ö~Ï�D � Î�ö ç ÏhÔ�Ó ç ùUÎ�ö~Ï�D � Ó üUü ØfÜ ç 9tÏ ü ö~Ï � a � eM` DoZIÄ C

60 Z ü öÝ9'ÓfÐBØfö�õ æ Ô'ö � ÓfÐ � Ñ'ö~Ï�D&�6öOù%Ï'Ð·õ~ö�û?Ó ü õ Ú Ô'ö J ö,Øfö}Ö>ÏHÏ ü Ô1RUT J TpDdR ~fe i � eDeT� ÓfÐ � Ñ'ö~Ï�DSR·õ�Ï ç Ü
61 Z ü öÝ9'ÓfÐBØfö�õ æ Ô'ö � ö,Ø0Ï�D&�6öOù%Ï'Ð·õÒö�û?Ó ü õ Ú Ô'ö J ö,Øfö}Ö>Ï�D³Ä#Ö �UÚtç ÏrT Ú Ð·ûCÏ ç ÓVÄ � ùUÓfÐ·ö Ú ÐrÓqÏ ü Ô�R�T J TtD

R ~Em i � V ^h� ö,Ø0Ï�DSR·õ�Ï ç Ü
62 � Ð/Ï'ö�Ðfö}Ó-Ûyö}Ófø C1� ÿ Z ü öÝ9'ÓfÐBØfö�õÒÜÒD � Ð/Ï'ö�Ðfö}ÓvÛ�ö}Ófø�DnÕ8Ó87kÏtØ ^D^U`D` iÒDpZIÄ C

63 � Ð·ö ü ÖrÓfõ Útü Z ü öÝ9'ÓfÐBØfö�õ~ÜÓD � Ð·ö ü ÖrÓfõ Útü D8TxÓfø_�UÓfÐBØDÓfÜ ehglmc`D` DoZ�Ä C
64 Z ü öÝ9'ÓfÐrØfö�õ æ Ô'ö þ<Ú ûCÏ)Ý#ÏwÄjÏfù8ö}Ó ü FDÏ�Dd�nöOù%Ï'Ðfõ~ö�û?Ó ü õ Ú Ô'ö J ö,Øfö}Ö>ÏHÏ ü Ô'R�T J TtDdR ~feDe � glmþ<Ú ûCÏ�DSRfõ}Ï ç Ü

65 Z ü öÝ9'ÓfÐBØfö�õut'õ þ<Ú Øfõ Ú Ör×ÒD8� ~ � g�e|m � þ3Ú Øfõ Ú Ör×ÒD Ù ÓfÐ·ûCÏ ü Ü
66 þc� õ�ÎUÓfÐ�ú Ú Ð/Ô C ùhù ç Ófõ Útü Ý#Ï � Ú Ð/Ï'õ Ú Ð·ÜÒD5ÍNÎ�ö ç õ Útü D8�nö~Ô�Ö Ú õ�D3ýæ7 Útü D<ý�· ��� e � ·VDpZ ü ö�õ�Ó>Ô

qqö ü ÑhÔ Ú û
67 �VÄ7ÿ Y �xÏfù ü ö~Ï�D�Í°} C Y ÄjÏ�Ö ç Ï'ÜÒD J�~Ea ��� a � Ù ö ú ~ Ø � Ð ~ þ�9'Ófõ~õ�ÓED J Ð/Ï ü ÖrÓ

68 Z ü öÝ9'ÓfÐBØfö�õÒÜ Ú úVÄ Ú�� õ2ÎpÍ�Ï'Ð Útç ö ü Ï�D<Í ÚtçG� û � ö~Ï�DæÄ Ú�� õ2ÎpÍ�Ï'Ð Útç ö ü Ï�V a V ehg DoZ�Ä C
69 Ä�õ}Ï ü ú Ú Ð/Ô)ÝNö ü Ó>Ï'Ð C ÖrÖrÓ ç ÓfÐ/Ï'õ Ú Ð;ÍlÓ ü õ�ÓfÐ©DæÄ�õ}Ï ü ú Ú Ð>Ô�D<Í�Ï ç ö ú Ú Ð ü ö~Ï ac`!X�e|a DpZIÄ C

70 Ä�õ}Ï ü ú Ú Ð>Ô�Z ü öÝ9'ÓfÐBØfö�õ~ÜÓD�Ä�õ}Ï ü ú Ú Ð/Ô�D3Í�Ï ç ö ú Ú Ð ü ö~Ï ac`!X�e|m%~w`5e i e DpZIÄ C
71 Ä�õ�Ï'õ�Ó�Z ü öÝ9'ÓfÐBØfö�õ~Ü Ú úWTqÓfø½þ Ú ÐB×ÒD C ç � Ï ü ÜÒD8TxÓfø¼þ Ú ÐB× � VDVDVDV%DpZ�Ä C

72 Z ü öÝ9'ÓfÐBØfö�õ~Ü Ú úLÕ8Ó üUü ÓrØrØDÓrÓEDSq üoÚ 719Dö ç�ç ÓEDnÕ8Ó üUü ÓrØrØDÓrÓ X7^�aDa iÒDpZ�Ä C
73 Z ü öÝ9'ÓfÐBØfö�õ~Ü Ú ú?ÕjÓ87kÏtØxÏ'õ C � Øfõ~ö ü D C � ØfõÒö ü D6Õ8Ó87kÏtØ ^Kg7^ � V%DpZIÄ C

74 Z ü öÝ9'ÓfÐBØfö�õÒÜ Ú úLÕjÓ87kÏtØ6Ï'õ��xÏ ç�ç ÏtØED þ ö}ÖrÎ%Ï'Ð/ÔtØ Útü D.ÕjÓ87kÏtØ ^�m
ehgDX DoZIÄ C
75 Z ü öÝ9'ÓfÐBØfö�õ æ Ô'ö:Õ Ú Ð·ö üoÚ D8�6öOù%Ï'Ð·õ~ö�û?Ó ü õ Ú Ô'ö J ö,Øfö}Ö>Ï�Ä!ùUÓfÐ·ö�û?Ó ü õ}Ï ç ÓqÏ ü Ô1RUT J TpDdR ~ � e � V m

Õ Ú Ð·ö üoÚ D�Rfõ}Ï ç Ü
76 Z ü öÝ9'ÓfÐBØfö�õ æ Ô'ö.Õ7Ð·ö}ÓrØfõ�ÓED8�6öOù%Ï'Ð·õ~ö�û?Ó ü õ Ú Ô'ö J ö,Øfö}Ö>ÏHÏ ü Ô1RUT J TpDdR ~.XL` � V ^ Õ7Ð·ö}ÓrØfõ�ÓEDSRfõ}Ï ç Ü

77 R J R^Í°D~Z ü öÝ9'ÓfÐBØfö�õ}Ï'õmÔ�ÓvÛUÏ ç Ó ü Öfö~Ï ~ Í�Ä�RtÍ°D°} ~w` i e�^ � ÛUÏ ç Ó ü Öfö~Ï�D�Ä!ù%Ï'ö ü



Á Q|�
78 Z ü öÝ9'ÓfÐBØfö�õ~Ü Ú úgÛ�ö}Öfõ Ú Ðfö~Ï�DqÛyö}Öfõ Ú Ð·ö~Ï�D H Ð·ö�õÒö,ØrÎ
Í ÚtçG� û � ö~Ï�D3Í�Ï ü ÏhÔhÏ{Û g � X(� i

79 ��Ó�ù%Ï'Ð·õ~û?Ó ü õ Ú ú � Î�ÜDØfö}ÖrØEDoZ ü öÝ9'ÓfÐBØfö�õÒÜ Ú ú���Ï'Ð·øiö}Ör×ÒD3Í Ú 9'Ó ü õÒÐ·Ü-Í6Û `�^ C Ý�D[Z ü ö�õ4Ó>Ô
qqö ü ÑhÔ Ú û

80 Z ü öÝ9'ÓfÐBØfö�õ~Ü Ú ús�@ö,ØDÖ Útü Øfö ü DKÿ�ÏhÔ'ö,Ø Útü D[�Lö,ØDÖ Útü Øfö ü+m}X7^he iÒDpZIÄ C
81 þ�Ï ç ÓsZ ü öÝ9'ÓfÐBØfö�õ~ÜÓD&TqÓfø Ã Ï%9'Ó ü D<Í ÚtüUü ÓrÖfõÒö}Ö � õ e i m ��� D~Z�Ä C

� § `0[A`dT'Y/`0_ $
† « W,Y/*CT^X � Z7V<ò!`]½>Y>VbXrT���_%V ¹ `]½ û ¼!V,T,� § V1|UT%½/X>V|¾C`0ZhXB*J_7V º V,Y/V,[0T,� ¹ `�½ û ¼!V]T,�7��XBT'W1c $
‡ « W,Y/*CT^X � Z7V<ò!`]½>Y>VbXrT���_%`0W,W,T�ÃmT'Y/V,W,V1[dT^XBT,� ¹ *'X>`0Z��0T,�7��XrT'Wbc $
§ « W,Y/*CT^X@� ¹�¹Z¹ � ¹ »hc�Y>V1[0Y § `0|7T%½/X6¾;`AZkXc� §gû ½6»7T%¾ � Z%VBò!`]½>Y/V1X�c}� §tû ½6»UT(¾ §2¸x�x" #��=�� Z7V1X>`0_ ÄnV,Z�¼'_7*1¾ $

��3<`0[0`AVBò'`0_ � Á § `0[A`�¾ ¿ `�½gÁ &!&}�mä | û ¿ W1V,Y6»%`0_aÁ ÿÛº ` ¿ ½ û T%½/c\Á &!&hQ 


Ê A�×]ÑNÎ�Ð";%Ñ
6p`v½/`0|8*1½/X;X©»7`a½>`AY û WbXBY?*^M6T­Y/X û _%ca*'M.X6»7`v`ÞÌ%[AW û Y/VBò'`�[E»UT%½8¾;W1`0Y>Y;Y>`]¾;V1W,`0|9XB*!Z7V1[@_7`0[0TDc|�
B0 → π−`+ν � û Z7_7`�½�XrT5µ^`0Z�J<V1X6»{T'|%|�½>*(Ì9V|¾;T^X>`0W1câÁ%Á Q ¾CV,W,W1V,*!Z BB |UT'VB½>YJ[A*!W,W1`0[fXB`0_­T^X
X6»7` Υ (4S) ½>`AY>*!Z7T'Z7[0`1J<VbX©»vX6»7`]GJIJGJILKª_7`AX>`0[AX>*1½ $o¬ »7`)T'ZUT'Wbc�Y>V,Y û Y/`0Y6`]ò'`0ZhXBY6V,Z�Jc»7V,[E»
X6»7`@Y>VB¼!ZUT'W B _%`0[dTdc�YHT(½>`S½>`A[0*!Z%Y/X©½ û [AX>`0_�J<V1X©»�T'ZsV1Z7Z7*Òò^T^XBV<ò!`HW1*9*'Y>`LZ7` û X©½/V,Z7*e½/`0[0*'Z7Y>ó
X6½ û [fXBV1*!Z?XB`A[E»7Z7V
� û ` $ 6p`.* ¿ XBT'V,ZL|UT(½/XBV,T'W ¿ ½BT^Z7[E»7V,Z.¼�M�½BT'[fXBV,*'Z7YmV,Z � Á ¿ V,Z%Ym*'M q2 �9X©»%`Y¾;*�ó
¾C`0ZhX û ¾½X©½BT^Z7Y/M2`]½+Y,� û T(½>`0_5�9M�½>*%¾�Jc»%V,[E»{Jl`.`�Ì�X6½BT'[fX+X©»%` f+(q2) M2*1½8¾Ûó}M~T'[AX>*1½�Y6»UT^|j`:T'Z7_
X6»7`6XB*'XBT'W ¿ ½BT^Z7[E»7V,Z.¼;M�½BT^[AXBV1*!Z B(B0 → π−`+ν) � (1.46 ± 0.07stat ± 0.08syst) × 10−4 $
Ã+T'Y>`A_{*!Z{T�½>`A[0`0ZhX û Z"� û `0Z%[E»7`0_sW]TtX>XBV1[0` % ��§ [0T'W,[ û W]T^X>V,*!Z�*'MlX©»7`CM2*1½6¾êM~T^[AXB*%½qV1ZpX6»7`
½>T'Z�¼!` q2 >

�K�
GeV2�6Jl`�wUZ7_�X©»7`�¾;T%¼!Z%V1X û _7`�*'M�X©»7` � ÄQ¥ ¾?TtX©½>VyÌ�`AW,`]¾;`AZkX |Vub| XB*¿ ` (4.1 ± 0.2stat ± 0.2syst

+0.6
−0.4FF

)

× 10−3 �dJc»7`]½>`HX©»%`LW]T'Y�X û Z7[A`�½�XrT'V1ZkX�c­V,Y�_ û `HXB*�X6»7`
Z%*1½6¾;T'W,V��dT^X>V,*!Z;*'M=X©»7`nM2*1½8¾ìM~T'[fXB*1½ $

§ ¿ �  �D&%$b�!�D&!" E ¹ »kc�Y,33`�ò4#�`fX>X $�S1ÿ%$�&!S%�Nÿ!&%�¹¦«p�
À Z û ¾ ¿ `�½/Y  �D"%$ Á &%$.¸ `|� � Á $b���9$.¸ »6� � Á $O"%ÿ%$ %2µ!� � Ë $ Ë &9$ �3_



Á Q!Q

« |.½>`0[AV,Y/`S¾;`0T'Y û ½/`�¾C`0ZhX�*'M |Vub| �=X6»7`HY8¾?T'W1W,`AY/X�`AW,`]¾;`AZkXJ*'M<X©»7` � ÄT¥ ¾;T^X6½>VHÌ ' ð21 �
J<V1W,WK[A*!Z7Y�X©½BT^V,Z�X©»7`C_7`AY>[�½/V,|%X>V,*!Z�*'M�J+`0T5µ�V,ZhX>`�½BT^[AXBV1*!Z7YqT'Z7_ CP ò�V,*'W]T^X>V,*!Z�V1Z�X©»7` À XBT'Z+ó
_7T%½>__¥g*9_%`0W $�¬ »7`a½BT^X>`-M2*%½;`ÞÌ%[AW û Y/VBò'` B0 → π−`+ν _7`0[0Tdc9Y ' æ}å*521�V,YC|�½/*!|j*%½/XBV1*!ZUT'WlXB*
|Vubf+(q2)|2 �7Jc»7`]½>`xX6»7`6M2*1½6¾�M~T^[AXB*%½ f+(q2) _7`0|8`0Z%_7Y.*!Z q2 �7X6»7`Q¾;*1¾C`0ZhX û ¾ÇX©½>T'Z7Y/M2`]½
Y�� û T%½>`A_ $ ��T'W û `AY)*'M f+(q2) M2*1½ B0 → π−`+ν _%`0[dTdc�YHT(½>`-|�½>*Òò�V,_7`A_ ¿ c û Z"� û `0Z7[E»7`A_
W,T^X>X>V,[A` % ��§ ��#&% ��§ 
�[0T'W,[ û W]TtXBV,*'Z7Y � ¸t¹ % ��§ ' å*)21 � º � « # ' -0/21 
M�k|�½>`AY>`AZkX>W1c�½>`AW,V,T ¿ W,`�*'Z7W1c
TtXJW,T%½6¼!` q2 � > �K�

GeV2
M� ¿ cpW1V|¼1»hX6[A*!Z7`CY û ¾ ½ û W,`0Y ��# �
À 3 
n[dT'W1[ û W,T^XBV1*!Z7Y!' å*521 � ¿ T'Y/`0_
*'Z�T'|7|�½/*�Ì9VB¾?T^X>V,*!Z%Y5*!Z%W1c\ò^T'W,V1_�T^XnY8¾?T^W,W q2 � < �K�

GeV2
M�oT'Z7_ ¿ cvX6»7`1� À ²76nÁ � û T%½Cµ
¾C*�_7`0W�[0T'W,[ û W]T^X>V,*!Z%Y ' å98�1 $Ï� Z7[A`�½�XrT'V1ZkX>V,`AY5*!Z-X©»7`AY>`x[dT'W1[ û W,T^XBV1*!Z7Y�_7*1¾CV,Z7T^XB`.X6»7`x`]½6½/*1½>Y3*!Z
X6»7`:[A*1¾C| û XB`A_wò^T'W û `0Yl*'M |Vub|

$9¬ »7`7% ��§ X©»7`A*1½>`fXBV1[dT'W�|�½/`0_7V1[AXBV1*!Z7YlT%½>`:T^Xl|�½>`AY>`0ZhX
¾C*1½/`
|.½>`0[AV,Y/`-M2*1½ B0 → π−`+ν X©»UT'ZsM2*1½)*'X6»7`�½)`�Ì9[AW û Y/VBò!` B → Xu`ν _%`0[dTdc�Yc��Jc»7`]½>` Xu

Y�XrT'Z%_7YJM2*1½�T^Zkcp[E»UT%½8¾;W1`0Y/YP¾C`0Y>*'Z $ �ÂÌ9|j`]½>VB¾;`AZkXBT'W+_7T^XrTv[0T'Z ¿ ` û Y/`0_�XB*�_%V,Y>[]½>VB¾;V1ZUT^XB`¿ `AX]Jl`0`AZgX6»7`Yò^T%½>V1* û Y�[dT^W,[ û W]T^X>V,*!Z7Y ¿ cL|�½>`A[0V1Y>`0WbcM¾C`dT'Y û ½>V1Z�¼�X©»%` f+(q2) Y8»UT'|8`|�%X6»7`�½/` ¿ c
W1`dT'_%V,Z�¼�X>*;T�Y8¾?T'W1W,`]½+X©»7`A*1½>`fXBV1[dT'W û Z7[0`]½/XrT^V,ZhX�cL*!Z |Vub|

$
��T'W û `0Yi*^M |Vub| »UTNò!`3|�½>`�ò9V1* û Y/W1c ¿ `A`0ZC`�Ì�X©½>T'[AX>`0_)M�½>*1¾ B0 → π−`+ν ¾C`dT'Y û ½>`]¾;`AZhXBY¿ c � #�� ¿ ' æS/*8�1 ��GJI<G~ILK ' æS/05,+uæS/0)21 T'Z%_IÃ+`AW,W,` ' æ�æS/21 $ ��ZqX©»7V1YyW,`AX/XB`]½c�LJl`l|�½/`0Y/`0ZhX³¾C`dT'Y û ½>`]¾;`AZhXBY

*^M�X©»7`n|UT(½/XBV,T'W ¿ ½BT^Z7[E»7V,Z.¼�M�½BT'[fXBV,*'Z7Y��½Ã º 
 ∆B(B0 → π−`+ν, q2) V,Z � Á ¿ V1Z7Ym*'M q2 û Y>V1Z�¼
T^Z�V,Z7Z7*Òò^T^X>VBò!`JW,*�*!Y>`�Z%` û X6½>V,Z%*S½>`0[A*!Z7Y�X©½ û [AXBV1*!Z�XB`A[E»7Z7V � û ` $�¬ »7V,Y:W,`dT^_7Y:XB*\¾C*1½>`x|�½>`A[0V1Y>`
ò^T'W û `0Y+*'M�X©»7`5XB*'XBT'WóÃ º B(B0 → π−`+ν) T'Z7_L*'MyX6»7` f+(q2) M2*1½6¾�ó�M~T^[AXB*%½�Y8»UT'|8`|�
Jc»7V,[E»
Y û |8`�½>Y/`0_7`�X6»7*!Y>`�*^M�* û ½K|�½/`]ò�V,* û Y û ZhXrT(¼1¼!`0_Û¾C`dT'Y û ½>`]¾;`AZhX ' æS/0521 $ 6p`m[A*1¾ ¿ V1Z7`+X©»%`-ò^T'W û `AY
*^M ∆B(q2) J<VbX©»�½>`A[0`0ZhX<M2*1½8¾Ûó}M~T'[AX>*1½m[dT^W,[ û W]T^X>V,*!Z7Y ' å*5��,-0/21 X>*C* ¿ XrT'V1Z@T¢ò'T^W û `n*'M |Vub|

$
¬ »7`5_UT^XBTxY>`fX û Y>`0_?V,Z)X©»7V1Y+T'Z7T'W1c�Y>V1Y�[0*!ZhXrT^V,Z7YlT'|7|�½/*(Ì%VB¾?TtXB`0WbcÛÁ1Á Q ¾CV,W1W,V,*'Z BB |UT'V|½/Y

[A*1½6½/`0Y/|j*!Z%_7V,Z�¼�X>*aT^ZªV1ZhXB`�¼%½BT^X>`0_¨W û ¾CV,Z%*!Y>VbX�ca*^M�Á &|� M ¿ −1 [0*!W1W,`A[AXB`A_ªT^XHX©»%` Υ (4S)

½/`0Y/*!ZUT'Z7[A`�J<VbX©»)X©»7` GJI<G~ILK�_%`AXB`A[AX>*1½³' 8Cæ�1 T^X�X©»7` ¹ � ¹ ó;�f�iT'Y�c'¾w¾C`AX6½>V,[¡ó�`AZ7`�½8¼'c e+e− [0*!Wäó
W1V,_7`]½c�NT'Z7_s*'MgÁ Q9$�& M ¿ −1 V,ZhXB`]¼1½BTtXB`0_�W û ¾CV,Z7*!Y/V1X�c�*'M3_UTtXrT�[0*!W1W,`A[AXB`A_�T'|7|.½>*(Ì9V|¾;T^XB`AW1c Ë &
MeV

¿ `0W1*�J§X©»7` Υ (4S) ½/`0Y/*!ZUT'Z7[A` �2_7`0Z%*'XB`A_��4*�	¦ó�½>`0Y/*!ZUT'Z%[0`)_UT^XBTt�9
 $#¬ *-`0Y�XBVB¾?T^X>`�X©»7`
Y/V|¼!Z7T'W+`fë;[AV,`AZ7[Ac|�lT^Z7_�X©»7`LY/V|¼!ZUT^W�T'Z7_ ¿ T'[?µ¬¼1½/* û Z7_�_7V1Y/X©½/V ¿ û XBV,*'Z7Yc��J+` û Y/`-T�_%`AXrT^V,W,`A_
¥-*!ZhXB` � T%½>W1*D�Ù¥ � 
mY>VB¾ û W,T^XBV1*!Z?*'M°¼!`AZ7`�½/V,[ BB T'Z7_ uu/dd/ss/cc/τ+τ− �4[A*!ZhXBV,Z û�û ¾)�



Á Q%ÿ
`�ò!`AZkX>Y)T'Y[Jl`0W1W+T^Y B0 → π−`+ν Y>VB¼!ZUT'W�`]ò'`0ZhXBY $ZÀ V|¼'ZUT'W�¥ � `�ò!`0ZhX>Y;T(½>`C|�½>*�_ û [A`0_ ¿ c
X6»7` º # «i¬ %hÁh¼!`AZ7`�½>T^XB*%½ ' �0/21%T'Z%_HT%½/`
½>`QJl`0VB¼1»hXB`A_;XB*Q½>`A|�½>*�_ û [A`3X6»7`RÃ+`0[AV|½/`]ò�V,[¡óéÄ6T'V,_7T'W,*Òò
�½ÃPÄ�
.|UT%½BT(¾;`fX©½>V��dT^X>V,*!Z ' -��21 *'M f+(q2, α, cB) Jc»7`]½>`)X©»7`�ò^T'W û `0Y6*'M+X6»7`)Y6»UT^|j`;T'Z7_
Z7*1½�ó
¾;T'W1V��dTtXBV,*'Z?|UT%½>T%¾C`AXB`]½>YQ� α T'Z7_ cB �UT(½>`nXrT5µ^`0Z@M�½>*1¾ 33`fM $ ' æS/0521 $

6p`P½/`0[0*'Z7Y/X6½ û [fX B ¾C`0Y/*!Zv[0T'Z7_7V1_UT^XB`AY û Y/V,Z�¼ π± T^Z7_ `∓ X6½BT'[?µkY5X>*1¼!`fX©»7`]½�J<V1X6»gX6»7`
`�ò!`AZkXE¿�YT¾;V1Y>Y/V,Z�¼S¾C*1¾C`0ZhX û ¾ ~pmiss T^Y6T'Z­T^|7|�½>*(Ì9V|¾;T^X>V,*!ZvX>*LX©»7`)Y>VB¼!ZUT'WNZ7` û X©½>V1Z7*\¾;*�ó
¾C`0ZhX û ¾ $e¬ »7`@_7`0[0TDc{*'M5X6»7`LY>`A[0*!Z%_ B ¾;`AY>*!ZsV1Y�Z7*'X)`�Ì9|7W1V,[AV1X>W1cØ½>`A[0*!Z7Y�X©½ û [AX>`0_ $�¬ »7`
Z%` û X6½>V,Z%*6M2* û ½>ó�¾;*1¾C`0ZhX û ¾ Pmiss ≡ (|~pmiss|, ~pmiss) V,YiV1Z%M2`�½8½>`0_�M�½/*1¾ºX©»%`�_7V
	j`�½/`0Z7[A` ¿ `AX>ó
Jl`0`AZ\X©»%`a¾C*1¾C`0ZhX û ¾Þ*'M.X©»%`g[A*!W,W1V,_7V1Z�¼(ó ¿ `dT(¾ |7T%½/X>V,[0W1`0Y ~pbeams ��T'Z%_aX©»%`gY û ¾ß*'M.X6»7`
¾C*1¾C`0ZhXrT-*'M3T'W1W�X6»7`H[E»UT(½6¼!`A_sT'Z7_{Z7` û X©½>T'W+|7T%½/X>V,[0W1`0Yq_7`AX>`0[fXB`0_sV1Z{TvY/V,Z�¼!W1`?`�ò!`0ZhX ~ptot �
Y û [E»�X©»7T^X ~pmiss ≡ ~pbeams−~ptot

$%� *1¾;|7T%½>`A_'J<V1X6»JX©»7`�XrT%¼%¼!`0_�T^ZUT'W1c�Y/`0YKV1Z[Jc»7V1[E»�X©»7`�X]J+*
B ¾;`AY>*!Z%YKT%½/`+`�Ì9|7W1V,[AV1XBWbcY½/`0[0*'Z7Y/X6½ û [fXB`0_ ' æS/0),+Bæ�æS/21���X6»7`+Z%` û X6½>V,Z%*g½>`A[0*!Z%Y/X©½ û [AX>V,*!Z�T'|7|�½/*hT'[E»
c�V1`0W,_%Y6T@W1*KJ+`]½nY>V|¼'ZUT'WK| û ½>V1X�c ¿ û XqTLY>VB¼!Z7V1w7[dT'ZhX6V,Z%[�½>`0T'Y>`)V1Z�X©»7`)Y>VB¼!ZUT'W�½>`0[A*!Z7Y�X©½ û [AXBV1*!Z
`fëC[0V,`AZ7[Ac $e¬ »7`L|.½>`0Y/`0ZhX�W1*9*!Y/`?Z7` û X©½/V,Z7*a½>`A[0*!Z7Y�X©½ û [AX>V,*!Z{X>`0[E»7Z7V
� û `LT'W1Y>*�V1Z7[�½/`dT'Y/`0YJX6»7`
Y/V|¼!Z7T'WK`AëC[AV,`0Z%[Ac�Y û ¿ Y/XBT'ZhXBV]T^W,W1c�J<V1X6»å½>`0Y/|j`A[AXqXB*LX©»%`C|.½>`]ò�V1* û Y û ZhXrT%¼%¼!`0_pT'|7|�½/*hT'[E» ¿ c
TNò'*!V,_7V1Z�¼pX6»7`�XBVB¼1»hX?Z%` û X6½>V,Z%*$� û T'W,VbX�ca[ û XBY ' æS/*8�+uæS/0521 Jc»7V,[E»©`AZ7Y û ½/`�X©»UTtX?X©»%`�Z7` û X©½>V1Z7*
|.½>*!|8`�½�XBV,`AY�T%½/`{J+`AW,W�XrT5µ^`0Z�V,ZhX>*�T'[0[A* û ZhX1Jc»7`AZ�[A*1¾C| û XBV1Z�¼ q2 = (P` + Pν)

2 $ ��Z{X©»7V1Y
T^ZUT'W1c�Y/V,Yc�7Jl`�[dT^W,[ û W]T^X>`xV1Z7Y/X>`dT'_-X©»7`¢¾C*1¾C`0ZhX û ¾ÇX©½BT^Z7Y/M2`]½.T'Y q2 = (PB − Pπ)

2 �bJc»%`�½>`h�
X>*Û½>`�¾C*Òò!`nX©»%`xT(¾ ¿ V|¼ û V1X�c;V,ZHX6»7`6_7V|½/`0[AX>V,*!ZL*^MNX6»7` B ¾C`0Y/*!Z6� q2 V,YmXrT@µ'`0Z ' 505218XB* ¿ `nX6»7`
Jl`0VB¼1»hXB`A_pTNò'`�½BT(¼!`)*'M�M2* û ½6T%½ ¿ V1X6½BT%½/V,W1c@[E»%*!Y>`AZØò^T'W û `0Y.* ¿ XrT'V1Z7`0_�Jc»%`0Z�X©»7` B _7VB½>`A[AXBV1*!Z
V1Y�ò^T%½/V,`0_?*Óò'`�½<T'W1W�|j*!Y/Y>V ¿ V,W1V1XBV1`0Y $ ��Z?X©»7V1YIJ+TDc|�9X6»7`gò^T'W û `:*'M q2 V,Y û ZUT�	j`0[fXB`0_ ¿ c?T'ZhcM¾CV,Y>ó
½/`0[A*!Z7Y/X6½ û [fXBV1*!ZH*'M�X6»7`Y½>`AY/X+*'M�X©»7`5`]ò'`0ZhX $ 6p`.* ¿ XrT'V1ZHT q2 ½>`AY>*!W û XBV1*!Z?*^M σ � &%$�� Á GeV2

M2*%½)X6»7`-Y>V|¼'ZUT'Wm[0T'Z7_7V1_UT^XB`AY;V1Z�Jc»7V,[E»�X©»7`-|7V,*'Za[0T'Z7_7V1_UT^XB`LX6½BT'[?µ{X6½ û Wbc�[0*1¾C`0Y�M�½/*1¾ßT
B0 → π−`+ν _7`A[dTdc � S%� ° *'M�X6»7`:X>*'XrT'W�
 $ 6p`.[A*1½6½/`0[AX+M2*1½�X6»7`Y½/`0[0*'Z7Y/X6½ û [fXBV,*'ZL`�	j`0[AX>Ym*!Z
X6»7` q2 ½>`AY>*!W û XBV1*!Z ¿ cJT'|7|7Wbc�V,Z�¼:T'Z û Z�½/`�¼ û W]T%½/V��0`A_ û Z%M2*'W,_7V1Z�¼:T^W|¼!*1½/V1X6»�¾«XB*5X©»7`�¾C`dT^Y û ½/`0_
q2 Y>|8`0[AX6½ û ¾ ' æ}å*)21 $¬ *JY/`0|UT%½>T^XB`<X©»%` B0 → π−`+ν Y/V|¼!Z7T'W7M�½>*1¾§X©»7` ¿ T'[?µ¬¼1½/* û Z7_%Yc�lJ+`p½>`�� û V|½>`<X]Jl*[Jl`0W,Wäó
½/`0[A*!Z7Y/X6½ û [fXB`A_)X6½BT'[?µkYiT^Y>Y>*�[0V,T^XB`A_[J<VbX©»�T3W,`0|9XB*!Z+ó�|7V,*'Zx|UT^V|½ $�¬ »7`+`0W,`A[AX6½>*!Z �¯¾ û *'ZQ
yX6½BT'[?µkY
T(½>`Z½>` � û VB½>`A_JXB*p»UTNò!`�¾C*1¾C`0ZhXrT
¼1½/`dT^X>`�½=X©»UT'Z &%$�� � �!$O& 
 GeV V1ZqX6»7`+W,T ¿ *1½BT^X>*1½/c5M�½BT%¾C`iXB*
TNò'*!V,_M¾CV,Y/V,_7`AZhXBV1w7`0_CW,`0|9XB*!Z7Y+T'Z7_HY/`0[A*!Z7_UT%½�c?Y/`�¾CV,W1`0|%X>*!Z7V,[<_7`A[dTdc�Y $ 6p`.`AZ7Y û ½/`:X©»7T^X+X6»7`



Á Q'S
¾C*1¾C`0ZhXrTm*^M%X©»%`�W1`0|%X>*!ZqT'Z7_q|7V,*'Zn[dT'Z7_%V,_UT^X>`0Y=T%½/`<µkV1Z7`�¾;T^XBV1[dT'W1W1c3[0*%¾;|UTtXBV ¿ W,`SJ<VbX©»qTc½>`dT^W
B0 → π−`+ν _7`0[0Tdc $8¬ »7V,Yc½>`�� û V|½/`0Y<X©»UT^X:TÛ¼!`0*%¾;`fX©½>V1[dT'WÕò!`�½�XB`ÞÌgw%X:*'MNX©»7`6X]Jl*?[E»UT%½8¼!`0_
X6½BT'[?µkYS¼!V<ò!`AY@T χ2 |�½/* ¿ T ¿ V,W,VbX�cµ¼1½>`0T^XB`]½?X©»7T'Z &%$O&9�!$ ��Z¨T'_%_7V1X>V,*!Z6��X©»%`�T'Z�¼!W1` ¿ `AX]Jl`0`0Z
X6»7`�¾C*1¾;`AZhXrT?*'M�X©»%` B T'Z7_�X©»7`�|%Y>` û _7*(ó�|7T%½/X>V,[0W1` Y �#_7`Aw7Z7`0_ ¿ c�V1X>Y:M2* û ½�ó@¾C*1¾C`0ZhX û ¾
PY ≡ (Pπ + P`) �yV,Z�X©»7` Υ (4S) M�½>T%¾;`Û¾ û Y/XqXrT5µ^`?T-|�»hc9Y/V,[0T'WZò^T'W û `  | cos θBY | < 1 �
Jc»%`�½>` cos θBY V,Y6[A*1¾;| û XB`A_pM�½>*%¾ 0 = m2

ν = (PB − PY )2 � û Y>V,Z.¼gX©»%`�ò^T'W û `0Y6M2*1½ EB

T^Z7_ |~pB| VB¾;|7W1V,`A_ ¿ c{X©»%` ¿ `0T%¾Þ|UT(½BT%¾C`AX>`�½>Y ' æS/0521 $ ¥g*!Y�X ¿ T'[?µ¬¼1½>* û Z7_7Y;T%½>`L`fëC[0V,`AZhXBW1c
½/`*\/`A[AXB`A_ ¿ c q2 ó�_7`A|j`AZ7_7`0ZhX6[ û XBY.*'Z�X©»7`¢»%`0W,V1[0VbX�c-T'Z�¼!W1` θ` *'MiX6»7` W ¿ *'Y>*!Z ' �0/21 �o*!Z�X6»7`
T^Z�¼!W,` ¿ `fX]J+`A`0Z�X©»7`xX©»�½ û Y/X6T�Ì%`AYn*'MiX©»%` Y T'Z7_�*^MiX©»7`¢½/`0Y�X6*'MiX©»7`J`]ò!`AZhXL��*!ZvX6»7`�|8*!W]T%½
T^Z�¼!W,`.T'Y>Y/*9[AV]T^X>`0_zJ<V1X6» ~pmiss �7T'Z7_@*!ZLX©»7`6Y�� û T%½>`A_gV1Z¬ò^T%½/V]T'ZhX
¾;T'Y/Y�*'M Pmiss

$ 6­`V½/`*\/`A[AX
B0 → π−µ+ν [dT'Z%_7V,_UTtXB`0Y�J<V1X6» Y ¾?T^Y>Y�[0W,*'Y>`<XB*xX6»7` J/ψ ¾;T'Y>Y�XB*JTNò!*!V1_ J/ψ → µ+µ−

_%`0[dTdc�Y $ �3*!Z+ó BB `]ò'`0ZhXBYxT%½>`�Y û |7|�½/`0Y/Y>`0_ ¿ cv½>`�� û V|½>V1Z�¼HX©»%`�½BT^X>V,*L*'M�Y>`A[0*!Z%_
X>*��A`�½/*'X©»º *(Ì¬ó�6p*!W1M�½>T%¾ê¾C*1¾;`AZhXBY5X>* ¿ `JY6¾;T'W,W1`�½<X©»UT'Z &9$�� �jT'Z7_ ¿ cv[ û X>Y ' æS-0/21 *!Z�X©»7`JZ û ¾ ¿ `]½.*'M
X6½BT'[?µkY)T'Z%_{[0W û Y/X>`�½>Y $ 33T'_7V]TtXBVBò'`¹Ã�»UT ¿ »UTvT'Z7_{X]Jl*(ó�|�»%*'XB*!Z­|�½>*�[0`AY>Y>`AYCT%½>`w½>`*\/`A[AX>`0_ ¿ c
ò'`AX>*!V,Z�¼:`]ò!`AZhXBY�[0*!ZhXBT'V,Z7V1Z�¼.T5|�»7*'X>*!Z�[0*!Z�ò'`�½>Y/V,*!ZCT'Z%_ ¿ c¢½>`�� û V|½/V,Z�¼ (~ptot · ẑ)/Etot < 0.64

T^Z7_ (~ptot · ẑ)/Etot > 0.35 M2*%½?[dT^Z7_7V,_7T^XB`AYHV,Z\X6»7`�`AW,`0[fX©½/*!Z¨T'Z7_u|8*!Y/V1X©½/*!Zu[E»UT^Z7Z7`0W1Yc�
½/`0Y/|j`A[AXBV<ò!`AW1c}��Jc»7`�½/`)X6»7` z TÆÌ9V,Y.V1YY¼!V<ò!`0Z ¿ c�X6»7`�`0W1`0[fX©½>*'Z ¿ `0T%¾à_7VB½>`A[AXBV1*!Z $ 6­`�½/`0_ û [0`
X6»7`�½>`�¾;T'V1Z7V,Z�¼ ¿ T^[?µ'¼%½>* û Z%_7Y'J<V1X6»
X6»7`wò^T%½/V]T ¿ W,`0Y ∆E = (~pB · ~pbeams − s/2)/

√
s T'Z7_

mES =
√

(s/2 + ~pB · ~pbeams)2/E2
beams − ~p 2

B ��Jc»%`�½>` ~pB = ~pπ+~p`+~pmiss T^Z7_ √s V,YNX6»7`
X>*'XrT^Wh`0Z7`]½6¼'c6V1ZqX6»7` Υ (4S) M�½BT%¾C` $ ¿ Z%W1cn[0T'Z7_7V1_UT^XB`AYjJ<VbX©» |∆E| < 1.0 GeV T'Z%_ mES >

5.19 GeV T%½/`S½>`AXBT'V,Z%`0_ $ 6�»7`AZaY/`]ò'`�½BT^W5[0T'Z7_7V1_UT^XB`AY�½>`]¾?T'V1ZsV,ZsT'Z�`]ò'`0ZhXHTtM�XB`�½�X6»7`0Y/`
[ û XBYQ�#X©»7`�[0T'Z7_7V1_UT^X>`'J<V1X6» cos θ` [0W1*!Y>`AY/XnX>*��A`�½/*-V1Y.Y>`AW,`A[AXB`A_ $�¬ »7V1YV½>`*\/`A[AX>Y "'& ° *^MlX6»7`
[A*1¾ ¿ V1ZUT^X>*1½>V,T'WoY/V|¼!ZUT^W�[dT'Z7_%V,_UT^X>`0Y=Jc»7V1W,`¨µ'`A`0|7V1Z�¼ ShQ ° *'MeX6»7`q[0*1½8½>`0[fX:*'Z7`0Y $8¬ »%`JY>VB¼!ZUT'W
`�ò!`AZkXc½/`0[A*!Z7Y/X6½ û [fXBV1*!ZL`AëC[0V1`0Z7[fckò^T%½/V,`0Y ¿ `fX]J+`A`0Z �%$OQ ° T'Z7_ S%$�ÿ ° ��_7`0|8`0Z7_%V,Z�¼�*!Z;X©»7` q2¿ V,Z $ ¬ »7` B0 → π−`+ν Y/V|¼!ZUT^WNc�V,`AW,_�V,Y5* ¿ XBT'V,Z7`A_�T'Y6T?M û Z%[AXBV1*!Z�*'M q2 ¿ c�|8`�½�M2*1½6¾CV,Z.¼HT
X]Jl*(ó�_7V|¾C`0Z7Y/V,*!Z7T'W9`ÞÌ�XB`0Z%_7`0_�¾?T�Ì%VB¾ û ¾�ó�W1VBµ'`AW,VB»7*9*�_.w7X ' æ~�;æ�1 *!Z mES �!T^Z7_ ∆E V1Z�`dT^[E» ¿ V1Z
*^M q2 $D¬ »7`+_UTtXrT5Y>T%¾C|7W,`AY=V1Zx`0T'[E» q2 ¿ V1ZJT(½>`�_7VBò�V,_%`0_qV,ZhXB*<M2* û ½=[dT^X>`�¼!*%½>V,`AY| B0 → π−`+ν

Y/V|¼!Z7T'Wu�h*'X6»7`�½ b→ u`ν �9*'X6»7`�½ BB �9T'Z7_H[A*!ZhXBV1Z û.û ¾ ¿ T'[?µ¬¼1½>* û Z7_7Y $9¬ »7`0Y/`.M2* û ½�X�c9|8`0Y+*'M
`�ò!`AZkX>Yt»7TÒò'`n_7V,Y�XBV1Z7[AX�Y�X©½ û [AX û ½>`AY3V1ZHX©»7`5X]J+*(ó�_7V|¾C`0Z%Y>V,*'ZUT'W mES

(
∆E |%W]T'Z7` $ 6p` û Y>`nX6»7`



Á ÿ!&
mES

(
∆E »7V1Y/XB*%¼1½BT%¾CY�* ¿ XBT'V,Z%`0_LM�½>*1¾áX©»7`T¥ � Y>V|¾ û W]T^X>V,*!ZHT'YmX]J+*�ó�_7VB¾;`AZ7Y>V1*!ZUT'W#|.½>* ¿ TÓó¿ V,W,VbX�cC_7`0Z7Y/V1X�cHM û Z7[AX>V,*!Z7Y�� ¹�§Yº Y 
 $U¬ »%`6c�V1`0W,_%Ym*'M=X©»7`nY/V|¼!ZUT^Wu� b→ u`ν

¿ T'[?µ¬¼1½/* û Z7_gT'Z7_
*^X©»7`]½ BB ¿ T^[?µ'¼%½>* û Z%_6�^Y û ¿ _7VBò�V,_%`0_qV,Z6X]J+`AWBò!`h�tX6»�½>`A`+T^Z7_qM2* û ½ q2

¿ V,Z7YQ��½/`0Y/|j`A[AXBV<ò!`AW1c}�tT%½/`
`ÞÌ�X©½BT^[AXB`A_;M�½/*1¾½T6Z7V,Z7`fXB`A`0Z+ó�|UT%½BT(¾;`fXB`�½iw7X�*'MjX©»7`g¥ �ì¹�§Yº Y�XB*6X©»7`<`ÞÌ%|8`�½/V|¾C`0ZhXrT^WU_UT^XrT $¬ »%`L[0*!ZhXBV1Z û�û ¾ ¿ T'[?µ¬¼1½>* û Z7_sV,Y�[A*1½6½/`0[fXB`0_�X>*e¾?T^X>[E»­X©»%`L*[	¦ó�½>`AY>*!ZUT^Z7[0`H_7T^XrT�[A*!ZhX©½>*'W
Y>T%¾C|7W,`6T'Z%_gV1Ymw,Ì9`0_vV1ZLX©»7`6w7X $U¬ »%`qZ û ¾ ¿ `]½:T'Z%_@X�c�|8`x*^Mew7X3|UT%½>T%¾C`AXB`]½>Y$Jl`�½/`x[E»7*'Y>`0Z
X>*H|�½/*Óò�V1_7`�Tk¼'*9*�_ ¿ T'W]T'Z%[0` ¿ `AX]Jl`0`AZå½>`0W1V]T'Z%[0`q*!Z�Y>VB¾ û W,T^XBV1*!Z@|�½>`A_7V,[fXBV,*'Z7Yc�8[0*1¾C|7W1`�Ì9V1X�c
*^M8X6»7`mw7X�T'Z%_)X>*'XrT^W%`�½8½>*1½iY/V��A` $ mES T^Z7_ ∆E w7X�|�½>*�\/`0[AX>V,*!Z%YKM2*1½KX©»7`�`ÞÌ9|j`]½>V|¾C`0ZhXBT'W%_UTtXrT
T(½>`)Y6»7*KJ<Z{V1Z º V|¼ $	�9$1� V1Z
X]Jl*v½>T'Z�¼!`AYq*^M q2 [A*1½6½/`0Y>|8*!Z7_%V,Z�¼@XB*@X©»7`CY û ¾ *'M+`AV|¼1»hX ¿ V1Z7Y¿ `0W1*KJ©T'Z7_CM2* û ½ ¿ V1Z7Y�T ¿ *Òò'` q2 � �K� GeV2$ 6p`5* ¿ XrT'V1Z 5072±251 `�ò!`0ZhX>Y+M2*1½iX©»7`<XB*^XrT'W
Y/V|¼!Z7T'W8c�V1`0W,_5� 9867± 564 `�ò!`AZkX>Y�M2*1½�X6»7` b→ u`ν

¿ T'[?µ¬¼1½/* û Z7_5� 33341± 409 `�ò!`0ZhX>Y<M2*%½
X6»7`:*^X©»7`]½ BB ¿ T'[?µ¬¼1½>* û Z7_7YQ�7T'Z7_ 9299± 450 `]ò'`0ZhXBYmM2*%½�X6»7`.[0*'ZkX>V,Z û�û ¾½c�V,`AW,_ $k¬ »7`5w7X
»7T'Y3T χ2 ò^T'W û `n*^M Ë Á " M2*%½ "1ÿ!S _7`�¼%½>`0`AY5*^MNM�½/`0`0_%*1¾ $

� û ¾;`]½>* û YmY>* û ½>[0`AY�*'MyY/c�Y�XB`�¾;T^X>V,[ û Z7[0`]½/XrT^V,ZhXBV1`0Y�T'Z%_?X©»7`AV|½l[0*1½8½>`0W,T^XBV1*!Z7YlT%¾C*!Z�¼JX6»7`
q2 ¿ V1Z7YQ»UTNò!` ¿ `0`AZ�V,Z�ò!`AY/XBVB¼hT^X>`0_ $=¬ »7` û Z7[0`]½/XrT^V,ZhXBV1`0YJ_ û `;X>*gX©»%`H_7`AX>`0[fXB*1½xY>V|¾ û W]T^X>V,*!Z
T(½>`m`AY/XrT ¿ W,V1Y6»7`A_ ¿ cTò^T%½/c�V,Z.¼WJ<V1X©»%V,Z ¿ * û Z7_%Y³¼!VBò'`0Z ¿ c�[A*!ZhX©½/*!W7YBT(¾;|7W1`0YeX6»7`+X6½BT'[?µkV,Z.¼n`Aë�ó
[AV,`AZ7[Ac6*'M%T'W1W![E»UT%½8¼!`0_qX©½BT^[?µ�YQ�DX©»7`�|UT%½�XBV1[0W,`iV1_7`0ZhX>V1wU[0T^XBV1*!Zn`AëC[0V1`0Z7[AV,`AYN*'M9Y>VB¼!ZUT'W'[dT'Z7_%V,_UT^X>`
X6½BT'[?µkYQ�7X©»7`.[0T'W,*%½>V|¾C`AX>`�½l`AëC[0V1`0Z7[fc ��ò^T%½/V,`A_LY>`0|7T%½BT^X>`0Wbc?M2*1½m|.»7*'XB*'Z7Yc� K0

L
T'Z%_LZ7` û X6½>*!Z%Y 


T^Z7_aX6»7`v`AZ7`�½8¼'c�_7`0|8*!Y>VbXB`A_uV,ZsX©»7`g[dT'W1*1½>VB¾;`fXB`]½ ¿ c K0
L
¾C`0Y/*!Z7Y $l¬ »7`v½>`0[A*!Z7Y�X©½ û [AXBV1*!Z

*^MKX©»7`AY>`xZ7` û X6½BT'W=|UT%½�XBV1[0W,`AY:T�	o`A[AXBY3X©»7`xT'ZUT^W1c�Y>V1Ypò�V]T)X©»7`qZ7` û X©½/V,Z7*w½>`0[A*!Z7Y�X©½ û [AXBV1*!Z $8¬ »7`û Z7[0`]½/XrT^V,ZhXBV1`0Y�_ û `:X>*xX©»%`g¼!`AZ7`�½>T^XB*1½�ó�W1`]ò!`AW�V,Z7| û XBYlX>*xX6»7`:Y/V|¾ û W,T^XBV1*!Z)T%½/`:`0Y�XrT ¿ W,V,Y8»7`0_ ¿ c
ò^T%½�c�V,Z�¼��7J<VbX©»7V1Zv`�½8½>*1½/Y ' å�1w�8X©»7`¡Ã º Y:*'MiX6»7` ¿ T^[?µ'¼%½>* û Z%_�|�½>*�[0`AY>Y>`AY b → u`ν � b → c`ν �
D → X`ν T^Z7_ D → K0

LX T'Y'Jl`0W,W+T'YxX6»7`�Ã º *^M�X©»7` Υ (4S) → B0B0 _%`0[dTdc $K¬ »7`
B0 → π−`+ν � B → ρ`ν � B → D`ν T'Z7_ B → D∗`ν M2*1½6¾éM~T'[AX>*1½>Y)T(½>`kò^T%½/V,`0_yJ<Väó
X6»7V,Z ¿ * û Z%_7Y
¼!VBò'`0Z ¿ cM½/`0[A`0ZhX3[dT'W1[ û W,T^XBV1*!Z7Y ' æ~�0-21 *%½�¾;`0T'Y û ½>`�¾C`0ZhX>Y ' å�+.505,+uæS/0-21 $%¬ »%`V»7`dTNòkc
� û T(½;µ�|UT(½BT%¾C`AX>`�½>Y û Y/`0_;V,Z�X©»7`<Y/V|¾ û W,T^XBV1*!Z�*'MjZ7*!Z'ó@½>`AY>*!Z7T'ZhX b→ u`ν `]ò'`0ZhXBY+T%½>`
ò^T%½>V1`0_
T^[0[0*%½>_7V1Z�¼gX>* 3<`AM $ ' æ~�0)21 $ 6p`HT^Y>Y>VB¼!Z�T'Z û Z7[0`]½/XBT'V,ZhX�c
*'MtÁ & ° X>*gX6»7`?wUZUT^WlY�XrT^X>`k½BT^_7V]T�ó
X>V,*!Z � ºæÀ 3 
n[A*1½6½/`0[fXBV,*'Z7Y6[dT'W1[ û W,T^XB`A_ ¿ c ¹�¸ ¿ ¬ ¿ À ' æ�æ~�,+uæ~�@ð21 $�º V1ZUT'W1W1c}��X©»%` û Z%[0`�½�XrT'V1ZhXBV,`AY
_ û `xX>*;X©»%`T¾C*9_%`0W,V1Z�¼)*'MKX6»7`J[A*!ZhXBV,Z û�û ¾�T%½>`x`0Y/XBT ¿ W1V,Y6»%`0_ ¿ c\ò^T%½/c�V1Z�¼?VbXBY q2 � mES �8T'Z7_
∆E Y8»UT'|8`0YqT'Z7_�X>*'XrT^WNc�V,`AW,_ J<VbX©»7V1ZvX©»7`AV|½.`]½6½/*1½>YY¼'VBò!`AZ ¿ cv[0*1¾C|UT%½/V,Y/*!Z7Y�J<VbX©»�X6»7`�*[	Ïó
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�����UÊ5�9$b�n( í V1`0W1_-w7X3|�½/*�\/`0[fXBV1*!Z7Y<M2*1½��ÒT,� ¿ 
 mES J<V1X6» −0.16 < ∆E < 0.20 GeV
ä T'Z7_

�2[|� _Q
 ∆E J<VbX©» mES >
�9$ Á Q Á GeV

$�¬ »7`C_7V1Y/X©½/V ¿ û XBV,*'Z7Y �ÒT,� [u
nT%½/`�M2*1½ q2 <
�K�

GeV2 ä
T^Z7_ � ¿ � _Q
mT%½>`nM2*1½ q2 >

�K�
GeV2$



Á ÿ Á
Ç<ÈÂÉ�Ê��9$b�.( ��T^W û `AY�*'M ∆B(q2) T^Z7_LX©»7`AV|½
½>`AW]T^X>VBò'`n`�½6½/*1½>Y(� ° 
 $

q2 ¿ V1Z7Y(� GeV2
 Ë (�� �K��(8�Òÿ
q2<

�K�
q2>

�K� M û W,W q2 ½>T'Z�¼!`
Ã º � 10−4 
 &%$b�K� &%$1�d" �!$�&!S &9$O"1ÿ �'$ Ë �º V1Xm`�½6½/*1½ � Á $ ÿ ��Q9$¡� ��$O" �d&%$O" Ë $ ÿ§ `AX>`0[fXB*1½<`�	j`0[fXBY "9$RQ �9$O& Ë $ Ë Ë $�� "9$RQ� *!ZhXBV1Z û.û ¾ ¿ µ¬¼ �'$ Á �!$RQ Á $ ÿ "%$�� Á $��
B → Xu`ν

¿ µ'¼ "%$O& "%$b� Á $O" Ë $OQ Á $��
B → Xc`ν

¿ µ¬¼ �!$RQ �!$�ÿ �!$ Á �!$ Á �!$O&
¿ X©»7`]½�`�	j`0[AX>Y "9$ Ë "%$O& Á $O" Á $O" Á $O"¬ *^XrT'W#`]½6½/*1½ � Ë $ Á �DS%$�& ÿ9$ Á � Á $OS Q�$��

½/`0Y/*!ZUT'Z7[A`:_UTtXrT6[0*!ZhX©½/*!W�YBT%¾C|7W1` $!¬ »7`t»7V|¼%»CY�XrT^X>V,Y�XBV,[AY�|�½>*Òò�V,_7`A_ ¿ c)* û ½�XB`A[E»7Z7V
� û `.T'W1W,*KJû YlXB*xY6»7*KJ¨X©»7T^XlX6»7`�½/`.V,YZ¼!*�*9_;T%¼1½/`0`]¾;`AZkX ¿ `fX]J+`A`0Z@_UT^XBTJT'Z%_?Y>VB¾ û W,T^XBV1*!Z�M2*1½�X6»7`:[]½>VbXBV<ó
[0T'W�ò^T%½>V,T ¿ W1`0YKV1Z;Y/V|¼!ZUT^W7_7`0|%W,`AX>`0_6�hY/V|¼!Z7T'W7`0Z.»UT'Z7[A`0_6� b→ u`ν `AZ�»UT'Z7[A`0_?T'Z7_C[0*!ZhXBV1Z û�û ¾
[A*!ZhX©½/*!W7YBT(¾;|7W1`0Y $¬� *!Z7Y/V,Y/X>`0ZhXZ½>`AY û WbXBY�T%½>`�* ¿ XrT'V1Z7`0_)`AV1X©»%`�½ ¿ c�_7V<ò9V1_7V,Z.¼:X©»7`mw7ZUT'WU_UT^XBT'Y>`fX
V1ZhXB*)Y û ¿ ó�YBT(¾;|7W1`0Y�*1½ û Y>V,Z.¼w¾C*9_%V1wU`A_ ¿ V,Z7Z%V,Z�¼!Y+*1½c¾;*�_7V1w7`0_L`]ò'`0ZhX5Y>`0W1`0[fXBV,*'Z7Y $¬ »7`)|UT(½/XBV,T'W»Ã º Y.T%½>`�[0T'W,[ û W]T^X>`0_ û Y/V,Z�¼LX6»7`�* ¿ Y/`�½8ò'`0_pY>V|¼'ZUT'WNc�V1`0W,_%Yc�oX6»7` û Z%M2*!W1_7V,Z.¼
T^W|¼!*1½/V1X6»�¾�T'Z%_?X©»7`5Y>VB¼!ZUT'W�`AëC[AV,`0Z%[0V,`AY-¼!V<ò!`AZ ¿ cCX6»7`:Y/V|¾ û W]T^X>V,*!Z $'¬ »7`:XB*^XrT'WNÃ º V,YZ¼!VBò'`0Z¿ c�X6»7`)Y û ¾ *'MlX©»7`)|UT(½/XBV,T'W[Ã º YQ�#X©»7`]½>` ¿ cØ½>`A_ û [AV,Z�¼@X©»7`CY>`AZ7Y>VbXBV<ò9VbX�c�*'MlX©»7`CY>VB¼!ZUT'We`Aë�ó
[AV,`AZ7[AcgXB*LX©»7` û Z7[0`]½/XrT^V,ZhXBV1`0Y.*'M�X6»7` f+(q2) M2*1½6¾�M~T'[AX>*1½ $ 6­`�[A*1¾;| û XB`JX6»7`�[0*Òò^T%½/V]T'Z7[A`
¾;T^X6½>VHÌvM2*1½6`dT'[E»pY>* û ½>[0`;*'M û Z7[0`]½/XrT^V,ZhX�c
T'Z7_ û Y>`)X©»7`AY>`w¾?T^X6½>V1[0`0YnX>*g[0T'W,[ û W]T^X>`�X©»7`C`�½�ó
½/*1½>Y:*!ZvX©»%`JXB*'XBT'W�Ã º+$8¬ »7`�w7XnT^Z7_�Y/c�Y/X>`�¾;T^XBV1[�`�½8½>*1½/Y.T%½/`¢¼!V<ò!`0Z�V1Z ¬ T ¿ W1` �9$b� M2*1½5w.ò!`
½>T'Z�¼!`AY)*'M q2 $K¬ »%`-[A*1¾C|7W,`fXB`LY>`fXC*'M5w%XCT'Z7_sY/c�Y/X>`�¾;T^XBV1[ û Z7[0`]½/XBT'V,ZhXBV1`0Y�*'M3X©»%`L|UT%½/X>V]T'W
T^Z7_-X>*'XrT^W�Ã º Y:T'Y=Jl`0W1WNT^Y<X6»7`0VB½<[0*1½8½>`0W,T^XBV1*!Z\¾?TtX©½>V1[0`AY<T%½>`h¼!V<ò!`0ZgV,ZD33`fM $ ' æS-;æ�1 $b¢ T��:Ý þ�£
ÍlÓfõ~õ�Ónö ü ú Ú Ð·ûCÏ'õÒö Útü ØDÓnÐBÓfõ~Ð Ú�� 9'Ó æ)ç ÏÛÄ#ÓrÖfõÙ� m � � Ô�Ó ç Ï.ù8Ð�\rØDÓ ü õ�Ónõ�Î7¤rØDÓ�� ¥ ¿ û ½-ò^T'W û `:*'MyX6»7`
X>*'XrT^W`Ã º � (1.46 ± 0.07stat ± 0.08syst)×10−4 �hV,Y�[A*1¾;|7T%½BT ¿ W,`mV1ZC|.½>`0[AV,Y/V,*!Z)XB*nX©»%`@Jl*1½/W,_
TNò'`�½BT(¼!`)|�½>V1*1½5X>*-* û ½Y½>`AY û WbX ' å�1  (1.35 ± 0.08stat ± 0.08syst) × 10−4 $j¬ »7`)Y/c�Y/X>`�¾;T^XBV1[
`]½6½/*1½nV,Y6_ û `)V1Z
W,T%½6¼'`�|UT%½�XqX>*LX©»7`)_7`fXB`0[fXB*1½6`fë;[AV,`AZ7[Ac $=¬ »%`;Y�c9Y�XB`]¾?T^X>V,[)`�½8½>*1½/YqT%½>V1Y>V,Z.¼
M�½/*1¾¼X©»7`¦Ã º YmT'Z7_HM2*1½8¾áM~T'[fXB*1½/Ym*'MyX©»%` ¿ T'[?µ¬¼1½/* û Z7_7Yc»UTNò'` ¿ `A`0Z\½>`A_ û [0`A_zJ<V1X©»S½/`0Y/|j`A[AX
X>*)|�½>`�ò9V1* û Y û ZhXBT%¼1¼!`A_a¾C`dT'Y û ½>`]¾;`AZhXBY ¿ cHX©»7`h¾;T'Zhc�ó�|UT%½>T%¾C`AXB`]½+w7X�X>*)X6»7` ¿ T'[?µ¬¼1½/* û Z7_
c�V1`0W,_%Y�V,ZLX©»7` � Á ¿ V1Z7Y�*'M q2 $
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�����UÊ&�9$ Á (Ø¹ T(½/XBV,T'W ∆B(q2) Y/|j`A[AX©½ û ¾ V,Z � Á ¿ V,Z%YJ*'M q2 $=¬ »7`HY6¾;T'W1W,`�½6`]½6½>*%½ ¿ T%½/Y�T%½/`
Y�XrT^X>V,Y�XBV,[0T'W3*!Z7W1c�Jc»7V1W,`vX6»7`�W,T%½6¼!`]½?*!Z%`0Y@T'W1Y>*{V1Z7[0W û _7`�Y�c9Y�XB`]¾?T^X>V,[ û Z7[0`]½/XrT^V,ZhXBV1`0Y $l¬ »7`
Y/*!W,V1_ ¿ W]T^[?µu[ û ½>ò!`
Y6»7*KJ<Y@X©»7`å½/`0Y û W1X@*'MqX©»7`�w7X@*^MxX6»7`´ÃPÄÞ|UT%½>T%¾C`AX©½/V��0T^XBV1*!ZaX>*�X6»7`
_7T^XrT $9¬ »7`6_UT^XBT�T%½>`6T'W1Y>*�[A*1¾;|7T%½>`A_HXB* û Z"� û `AZ7[E»7`A_�#&% ��§ [0T'W,[ û W]T^X>V,*!Z%Y ' å*),+.-0/21¦�"# �
À 3
[0T'W,[ û W]TtXBV,*'Z7Y ' å*521¦��T^Z7_-X6»7`p� À ²76nÁ]� û T(½;µM¾C*9_%`0W ' å98�1 $

¬ »7` ∆B(q2) _%V,Y/X6½>V ¿ û XBV1*!Z-V,Y3_7V,Y/|7W]Tdc!`A_�V,Z º V|¼ $b�9$ Á�XB*1¼'`AX©»%`�½�J<VbX©»-X©»7`A*1½>`fXBV,[0T'Wy|�½>`¡ó
_%V,[AX>V,*!Z%Y $ 6­`T¾;*�_7VbM�c?X©»%`P¾C`dT'Y û ½>`A_ q2 _7V,Y�X©½>V ¿ û X>V,*!Z@XB*w½>`�¾C*Òò!` ºæÀ 3�`�	j`0[fXBYc�jV,Zg*1½>_7`]½
X>*)T'W,W1*KJªT)_%V|½>`A[AX�[A*1¾C|UT%½>V1Y>*!Z�J<VbX©»HX6»7`.X©»7`A*1½>`fXBV1[dT'Wj|�½>`A_7V,[fXBV,*'Z7YIJc»7V1[E»g_7*�Z%*'X<V,Z7[AW û _%`
Y û [E»-`�	j`0[AX>Y��2X6»7V,Ym|.½>*�[0`0_ û ½>`nV1Y�½>`fM2`�½6½/`0_LXB*)T^Y����3* ºæÀ 3m�.V1Z 33`fM $ ' æS-;æ�1 
 $ 6p`.* ¿ XBT'V,ZHX6»7`
f+(q2) Y6»UT^|j`�M�½>*1¾�T<w7XyXB*3X©»7V1Y=_%V,Y/X6½>V ¿ û XBV1*!Z $d¬ »%` χ2 M û Z7[fXBV1*!ZT¾CV,Z%V|¾CV��0`A_.V,ZqX©»7` f+(q2)

w%X û Y/`0Y�T ¹�§Yº ¿ T^Y>`0_­*!ZpX6»7`;X]Jl*(ó�|7T%½BT%¾C`AX>`�½�ÃPÄÇ|UT%½>T%¾C`AX©½/V��0T^XBV1*!Z $ ��XJV,Y6_7`fwUZ7`0_�V1Z
X>`�½8¾;Y�*'MjX©»7` ∆B(q2) [0*Òò^T%½>V,T'Z7[A`p¾;T^X6½>VHÌxXB*6XrT@µ'`3V,ZhXB*xT'[0[A* û ZhX�X©»7`<[0*%½6½>`AW]T^X>V,*!Z%Y�T%¾;*'Z�¼
X6»7`p¾;`0T'Y û ½/`�¾C`0ZhXBY�V,Z�X6»7`pò^T%½/V,* û Y q2 ¿ V,Z%Y $k¬ »7`<w7XZ¼!VBò'`0Y α � 0.52±0.05stat ±0.03syst �
[A*1¾C|UT%½>`A_vXB*;* û ½5|�½>`�ò9V1* û Y û ZhXrT%¼1¼'`0_¸¾C`dT'Y û ½>`]¾;`AZhX α = 0.61 ± 0.09 ' æS/0521Y�2Y/XBT^XBV1Y/XBV1[dT'W
`]½6½/*1½6*!Z7W1c4
nT'Y~Jl`0W,W�T^YJTSò^T'W û `�*^M |Vubf+(0)| � (9.6 ± 0.3stat ± 0.2syst) × 10−4 M�½>*1¾



Á ÿ Ë
Ç<ÈÂÉ�Ê���$ Á ( ��T'W û `0YL*'M |Vub| _7`]½>V<ò!`0_¨M�½>*%¾ M2*1½8¾Ûó}M~T'[AX>*1½?[0T'W,[ û W]T^X>V,*!Z%Y $�¬ »7`�ws½>Y�XLX]J+*
`]½6½/*1½>YCT%½/V,Y>`LM�½/*1¾ÞX©»%`-Y�XrT^X>V,Y�XBV,[0T'W�T'Z%_\Y/c�Y�XB`�¾;T^X>V,[ û Z7[A`�½/XBT'V,ZhX>V,`0Y)*'M5X©»7`@|UT(½/XBV,T'WUÃ º YQ�½/`0Y/|j`A[AXBV<ò!`AW1c $U¬ »%`qX6»7V|½/_-`]½6½/*1½�[0*1¾C`0Y�M�½/*1¾ìX6»7` û Z7[0`]½/XBT'V,ZhX�c@*!Z ∆ζ

$
q2 � GeV2
 ∆ζ �2|7Y −1 
 |Vub| � 10−3 
¸g¹ % ��§ ' å*)21 >

�K�
1.46 ± 0.35 4.1 ± 0.2 ± 0.2 +0.6

−0.4º � « # ' -0/21 >
�K�

1.83 ± 0.50 3.7 ± 0.2 ± 0.2 +0.6
−0.4# �
À 3 ' å*521 <

�K�
5.44 ± 1.43 3.6 ± 0.1 ± 0.1 +0.6

−0.4� À ²76nÁ ' å98�1 &�( Á �%$ Ë 9.6 ± 4.8 3.2 ± 0.1 ± 0.1 +1.3
−0.6

X6»7`�w7Xn`ÞÌ�X©½BT^|j*!W,T^XB`A_�XB* q2 = 0 ��J<VbX©» P (χ2) � �D� ° $j¬ »7V,Ytò'T^W û `�V1Z7[0W û _7`AYnT �hQ ° T'ZhXBVäó
[A*1½6½/`0W,T^XBV1*!Z ¿ `fX]J+`A`0Z­X6»7`?Y8»UT'|8`?T'Z%_­Z7*1½8¾?T^W,V��0T^XBV1*!Z�|UT(½BT%¾C`AX>`�½>YQ� α T^Z7_ cB �=T'Z7_­[0T'Z¿ ` û Y>`A_-X>*;|.½>`0_%V,[AX ' -0-21 ½BTtXB`0Y�*^MK*'X6»7`�½�_7`A[dTdc�Y:Y û [E»�T'Y B → ππ

$
¬ »7` χ2 |�½>* ¿ T ¿ V1W,V1X>V,`AY¢»UTNò!` ¿ `0`AZ\[0T'W,[ û W]T^X>`0_ ½>`AW]T^X>VBò!`@XB*
X©»7` ¿ V1Z7Z7`0_a_UT^XBTâ½>`AY û WbX

M2*%½³ò'T(½>V,* û YKX©»7`A*1½>`fXBV1[dT'W7|.½>`0_%V,[AX>V,*!Z%Yc�![A*!Z7Y>V1_7`�½/V,Z�¼6*!Z%W1c�`ÞÌ9|j`]½>V|¾C`0ZhXBT'WU`�½8½>*1½/Y $ 6p`3* ¿ XrT'V1Z
P (χ2) � �hQ ° M2*1½ ¸t¹ % ��§ ' å*)21¦� Ë � ° M2*1½ º � « # ' -0/21kT'Z7_ Ë � ° M2*1½ # �
À 3 ' å*521 $^¬ »7`$� À ²76nÁ
� û T(½;µM¾C*9_%`0W ' å98�1 � P (χ2) � &%$O&|� ° �7V,Y�[AW,`dT(½>W1c;V,Z%[0*1¾C|UT^X>V ¿ W1`�J<V1X6»@* û ½�_UT^XBT $

6p`{`�Ì�X6½BT'[fX |Vub| M�½/*1¾ X©»7`{|7T%½/X>V]T'W³Ã º Y ∆B(q2)
û Y>V1Z�¼\X6»7`Æ½>`AW]T^X>V,*!Z² |Vub| =

√

∆B(q2)/(τB0∆ζ) ��Jc»7`]½>` τB0 = 1.530 ± 0.009 |%Y ' å�1 V,Y3X©»7` B0 W1V1M2`fXBV|¾C`6T'Z7_ ∆ζ =

Γ/|Vub|2 V,YqX©»7`?Z7*1½6¾;T'W1V��0`A_p|7T%½/X>V]T'W�_7`A[dTdcÆ½>T^XB`;|�½>`A_7V,[fXB`0_ ¿ cpX©»7`?M2*%½6¾�ó�M~T'[fXB*1½6[dT^W,[ û ó
W,T^XBV1*!Z7Y ' å98���-0/21 $ �ÂÌ%[AW û _%V,Z�¼LX©»%`r� À ²�6nÁM¾C*9_7`AWu��X©»7`�ò^T'W û `0Yn*'M |Vub| ¼!V<ò!`AZ
V1Z ¬ T ¿ W,` �9$ Á
½>T'Z�¼!`.M�½/*1¾ (3.6 − 4.1) × 10−3 $

��Z�Y û ¾w¾;T%½�c}��J+`S»UTNò'`S¾;`0T'Y û ½/`0_{X6»7`H|UT%½�XBV,T'W B0 → π−`+ν
¿ ½BT'Z%[E»7V,Z�¼�M�½>T'[AX>V,*!Z%Y

V1Z � Á ¿ V,Z7Y5*'M q2 û Y>V1Z�¼@T?W,*�*!Y/`xZ7` û X©½/V,Z7*k½>`0[A*!Z7Y�X©½ û [AXBV1*!Z�XB`A[E»7Z7V
� û ` $ 6p`�* ¿ XBT'V,Z%`0_vX6»7`
¾C*!Y�X.|�½/`0[0V1Y>`�¾C`dT'Y û ½>`]¾;`AZhXnXB*L_UT^X>`�*'M�X©»%` B(B0 → π−`+ν) T'Z%_ |Vubf+(0)| �oT'YWJl`0W1W
T^Y�Tv_7`fXrT'V1W,`0_p_7`0Y/[�½/V,|%X>V,*!Z{*^M�X©»7` f+(q2) Y8»UT'|8` $N¬ »7V,Y�Y8»UT'|8`H[dT^Z ¿ `?[0*1¾C|UT%½/`0_nJ<VbX©»
ò^T%½/V,* û YNX©»%`0*1½/`AXBV1[dT'W9|�½>`A_7V,[fXBV1*!Z7YiT'Z%_6�!V,ZJ|UT%½/X>V,[ û W]T%½Q�^Y8»7*KJ<YKX©»UTtXKX©»7`=� À ²�6nÁg¾C*9_%`0W%[0T'Z¿ `p½ û W1`0_C* û X $'º ½>*%¾ºX©»7`p¾C*!Y/X�½>`A[0`0ZhX>W1c)| û ¿ W,V,Y8»7`0_ û Z"� û `AZ7[E»7`0_ #&% ��§ [0T'W,[ û W]T^X>V,*!Z ' å*)21w�
Jl`q* ¿ XrT^V,Z |Vub| � (4.1 ± 0.2stat ± 0.2syst

+0.6
−0.4FF

)

× 10−3 $
6p`�T%½/`�¼1½BTtXB`AM û W�M2*1½=X©»7`l`�Ì9[0`AW,W1`0ZhXiW û ¾;V1Z7*!Y>VbX�c6T'Z7_�¾;T'[E»7V1Z7`+[A*!Z7_7VbXBV1*!Z7Y=|�½>*Òò�V,_7`A_ ¿ c

* û ½ ¹ � ¹ ó]�P�K[0*'W,W,`0T%¼ û `AYc�kT'Z%_;M2*1½iX©»%`3Y û ¿ Y�XrT'ZhXBV,T'W�_7`0_%V,[dTtXB`0_;`�	j*1½/X�M�½/*1¾ºX©»%`5[A*1¾;| û XBV1Z�¼
*%½6¼hT'Z%V��dTtXBV,*'Z7YxX6»UT^X�Y û |7|8*1½/X GJIJGJILK $K¬ »7`L[0*'W,W]T ¿ *1½>T^XBV1Z�¼-V,Z7Y�XBV1X û XBV1*!Z7YoJ<V,Y6»�X>*�X©»UT'Z,µ



À # «p� M2*1½yV1XBY�Y û |7|8*1½/XeT'Z7_³µkV,Z7_Q»7*!Y/|7V1XBT'W,VbX�c $A¬ »7V,Y	Jl*1½;µnV1Y=Y û |7|8*1½/X>`0_ ¿ c § ¿ ��T^Z7_J� À.º
� �YÀ+« 
M�t� À ��3 � � � T'ZUT^_UTL
M��� ¸ � ¹ � � »7V,ZUTF
M� � � « T'Z%_ � �V3 À ó;�4�YÁ ¹�" � º ½BT'Z7[A`u
_�@Ã�¥lÃ º
T^Z7_ §Yº ² �À²n`�½8¾?T^Zkc4
_�=�4� º � ����XBT'W1c4
M� º ¿ ¥ � ¬ »7`p�5`AX6»7`�½/W]T'Z%_7Y 
_�:� º 3 �Ò�3*1½PJ+Tdc"
_�
¥�� À9¬ ��3 û Y>Y/V]TL
_��¥D� � � À |UT'V1ZQ
M�=T'Z7_ ¹�¹Õ« 3 � � � Z7VbXB`A_¤ÄnV,Z�¼'_7*1¾ 
 $ ��Z7_7V<ò�V,_ û T^W,YQ»UTNò!`
½/`0[A`0VBò'`0_@Y û |7|j*%½/X+M�½/*1¾½X©»7`V¥vT%½>V1` �-û ½/V,`V��� º �S� û ½>*!|8`dT^Z � Z7V1*!ZQ
�T'Z7_?X6»7` «J$+¹N$�À W,*!T'Zº * û Z7_UT^X>V,*!Z $
zWÈSR T > Ë�;%ÑÒÎÓÍ¦Ö°ÔS; :TÊ B ×NÔS;�×�Ê = UIÔ > Ô¯Ð.Î B : = A > ÔS;1Ð.ÑÓÔ�ÍÕÖuÆÚË'Î Á ÔS;1Ë ® T7:mÊ :�Æ ¯
¬ »7V1Y5V1Y3T'Z � ¹¦«Y¹ZÀ T^X/XrT'[E»�¾C`0ZhX3XB*�Ã $s«gû ¿ `]½/X)Ófõ�Ï ç � �SGJI<G~ILK � *!W,W,T ¿ *%½BT^X>V,*!ZQ
_�9| û ó¿ W,V,Y8»7`0_�V1Z ¹ »hc�Y $ 33`�ò $ #y`fX>X $ Å8� � &!S9�Òÿ!&%� �ÙÁ &!&hQ 
 $Wº *1½V¾C*1½>`�V1Z%M2*1½6¾;T^X>V,*!Z�*'Z � ¹Õ«g¹ZÀ �

Y/`0`Q»hX>XB|  ¿EFE�J=J=J $ T'V,| $ *1½8¼oE^| û ¿ Y>`�½>ò�Y E^`A|UT'|7Y $ »hX©¾CW $



Á ÿ}�

´µ¶ · § ¹ ¸ ¼ B0 → π−`+ν Å ÆÃ Ç ÄÉÈ0Ö Ã ¨ Ï ÆÃ Ê ÏÅ ÐÑÒ Ö ∆B

Ð

10−7

Ò ¾Ê Ä Â ËÃ Æ¿Ì Ì Ã Ç ¾ Â ÆÉÍ Ã Ã Ì Ì ÔÌ È ÐÑÒ ¹ � ËÃ ∆B ¾Ê ÄÃ ¨ Ï ÆÃ Ê ÏÅ Í ¾ Ç ÎÃ ÈÇ ¾ ×Ã Ç ÇÃ Ä� � Ô � � ½ � ¾ ÌÃ Õ Ô Ä Æ ÁÃ Ä Â Ô ÌÃ Õ ÔÍ Ã � � ½Ã �Ã ÏÂ È ¹ � Ë ÆÈ© Ì Ô ÏÃ Ä ÎÌÃ Ë ¾ È Ê Ô È Æ¡ª Ê Æ Á Ï ¾Ê Â Æ Õ © ¾ ÏÂ ÔÊ Â ËÃ ∆B Í ¾ Ç ÎÃ È ¹

q2 ØÙÛÚ Ü ÝGeV2

Þ ß�à á á�à â âà ã ã�à ä ä�à å ß å ß�à å á å á�à å â å âà å ã å ã�à å ä å ä�à á ß á ß�à á á á á�à á ãeæ â q2<

å ã

q2>

å ã ç è ê � ïëÙ ê êì í î Ù ì ï í ð ã ãeæ ã â ã áeæ ñ â ñ ñeæ ò â ò å æ ä â ð ãeæ â ð ñ å æ ß ò á áeæ ó ð ð ðeæ ã â ò äeæ ß ð ò òeæ â ð ã âæ ä â á äeæ ä ð â ã âæ ã å ã ß ãeæ ñ ò ß ó å æ òëÙ ê ì ô ô è ô å áeæ ñ ñeæ ó äeæ ã ñeæ ó å å æ á å ðeæ ß å å æ ó å óæ â å òeæ ã á å æ ó å òeæ ñ å óæ ð òeæ ð ñeæ ñ òeæ ßÿî Ü êì ý � ê Ù ü ì ô ô è ô á ßeæ ß ãeæ ð ðeæ á âæ ñ ãeæ ð âæ å âæ ð ãeæ å âæ ñ óæ ñ å áeæ ð å óæ â ðeæ ó óæ ð ðeæ ñ�Ú � è ï íì íî Ù ì ï í ð ó âæ ó â ò áeæ ð ò å òeæ ð â â áeæ á â ò ñeæ å ð ã ßeæ ó ò ä ðeæ â ð ß áeæ ó ò å âæ ð ð ò óæ ó â ß ãeæ ð ð ß ðeæ ß ð â ñ ßeæ á å ò ä å æ ð ò ß ó å æ òëÙ ê ì ô ô è ô å òeæ á å âæ â å áeæ ä å âæ ä å òeæ â å ñeæ á å ðeæ ñ á òeæ á å óæ ã á äeæ ò á ßeæ á á óæ ó òeæ â å ßeæ á òeæ ßÿî Ü êì ý � ê Ù ü ì ô ô è ô á áeæ ñ óæ ð ðeæ ó òeæ ã óæ ä òeæ á âæ ä äeæ ñ òeæ á å ßeæ ß å âæ ñ á óæ ð ðeæ ó óæ ã ðeæ ñ«  üÙ ì Ú üî ãeæ ò ã óæ å ð óæ á á óæ å å ãeæ ó ã ãeæ ñ ó óæ á å óæ ä ó äeæ ã ä ñeæ á ß ñeæ ð ó ñeæ ã ã à à à« öæ Ý� è ë ÿ � Þ ãeæ ð å óæ ß á óæ å ñ óæ å å ãeæ ó ñ ãeæ ñ ñ óæ ð á óæ ñ ñ äeæ ó ò ñeæ á ò ñeæ ò ð ñeæ ó ð à à à

∆B å á òeæ ò å ð ñeæ ò å ò ãeæ ñ å ð ãeæ ä å â ñeæ â å å ðeæ ó å ó óæ ñ ä âæ ò å ð ßeæ ð ä òeæ ò ñ òeæ ð ã äeæ ñ å ß ä âæ ð ð ä ßeæ ß å â ã âæ ð

∆B

Ý� è ë ÿ � Þ å ð ßeæ ã å â å æ ã å ò óæ ò å ð ãeæ ó å â äeæ ã å å ðeæ ò å ó òeæ ð ä ðeæ ð å á ñeæ ð ä òeæ å ñ ðeæ ä ã äeæ â å ß ä óæ å ð ó ãeæ ã å â ã ðeæ óëÙ ê ì ô ô è ô å òeæ á å âæ â å áeæ ä å âæ ä å òeæ â å ñeæ á å ðeæ ñ á òeæ á å óæ ã á äeæ ò á ßeæ á á óæ ó òeæ ð å ßeæ ð âæ äÿî Ü êì ý � ê Ù ü ì ô ô è ô á ðeæ ó óæ ß ãeæ á äeæ å ñeæ ã óæ ð óæ å å å æ ß óæ ß å å æ ß å âæ ñ á óæ ß ãeæ ð óæ ä òeæ ó



Á ÿhQ

´ µ¶ · § ¹ ¬ ¼ ½Ã Ç ¾ Â ÆÍ Ã Ã Ì Ì ÔÌ È ÐÑÒ Ô Ó Â ËÃ © ¾ Ì Â Æ ¾ Ç ¾Ê Ä Â ÔÂ ¾ Ç B(B0 → π−`+ν)

ÓÌ Ô Õ ¾ Ç Ç È Ô ÎÌ ÏÃ È ¹ � � ½Ã �Ã ÏÂ È ¾ Ì Ã ÆÊ Ï Ç Î ÄÃ Ä¹

q2 ØÙÛÚ Ü ÝGeV2

Þ ß�à á á�à â âà ã ã�à ä ä�à å ß å ß�à å á å á�à å â å âà å ã å ã�à å ä å ä�à á ß á ß�à á á á á�à á ãeæ â q2<

å ã
q2>

å ã çéè ê � ïçô � ü õÙÛÚ � ì  üÙ ì Ú üî å æ ã å æ ó å æ ð ðeæ å ðeæ ä å æ ð å æ ä óæ å áeæ ð å æ ó áeæ á ñeæ á å æ ñ å æ ä å æ å

γ ì  üÙ ì Ú üî âæ ó å æ ð áeæ ã òeæ ß ðeæ ã ðeæ á ðeæ ò ðeæ å ðeæ ß ðeæ ò ðeæ ä óæ ß áeæ ñ å æ ó å æ ñ

K0
L

÷ Ú ìø êô è Ú Ü ßeæ ó ßeæ ã ßeæ ó å æ ß å æ á å æ á å æ á å æ ð áeæ ß å æ ò å æ å áeæ á ßeæ ò å æ ß ßeæ ãù �ô ê Ù ü ïì úû óæ ß áeæ ò áeæ å å æ ñ ßeæ ó áeæ ó áeæ ã áeæ ò áeæ ã ðeæ â áeæ ñ óæ ß áeæ ã ðeæ ã áeæ ñ� è Ú ê ÙÛÚ ø ø ý î Ù ì ï í óæ ß ßeæ ò ßeæ ã ßeæ á ßeæ ñ å æ ß ßeæ ã ßeæ ä ßeæ ã å æ ñ å æ å âæ ß å æ ß å æ ã å æ ß� è Ú ê ÙÛÚ ø ø ý q2 á ßeæ å å æ ò å æ ß å æ ß å æ ó å æ ä å æ ò áeæ ß å æ ò ðeæ ð âæ ß äeæ ó áeæ â å æ ñ å æ ä� è Ú ê ÙÛÚ ø ø ý mES

å æ å ßeæ ð ßeæ å ßeæ å ßeæ å ßeæ å ßeæ ð ßeæ ã ßeæ ð ßeæ ã ßeæ ó å æ ß ßeæ á ßeæ ò ßeæ á� è Ú ê ÙÛÚ ø ø ý ∆E

ðeæ ß å æ ã ßeæ ò å æ ß å æ ò ßeæ á ßeæ å å æ á ßeæ ã å æ ä ðeæ ä òeæ á å æ ß áeæ ò å æ â

B → Xu`ν

þ ë Ü å æ á å æ â ßeæ ó ßeæ ó å æ ß å æ â å æ å å æ ä å æ ó ðeæ ã å ßeæ â å áeæ å ßeæ ñ ðeæ â å æ áÿ ë� �ô � ý ßeæ â ßeæ ò ßeæ ð ßeæ ò ßeæ å ßeæ å ßeæ å ßeæ â ßeæ â âæ å òeæ ó å âæ ñ ßeæ á áeæ å ßeæ ó

B → ρ`ν

ë ë Ü å æ ð ßeæ ó å æ ä å æ å ßeæ ä å æ å å æ á ðeæ á ßeæ ò ðeæ ð å æ ð âæ ð ßeæ ñ ßeæ ä ßeæ ã

B0 → π−`+ν

ë ë ßeæ â ßeæ ò ßeæ ò ßeæ ò ßeæ ò ßeæ ò ßeæ ò ßeæ ä ßeæ ó ßeæ ó å æ å ðeæ ò ßeæ ò å æ ð ßeæ óë ÿ � ßeæ ó å æ ò áeæ á å æ ñ áeæ ã áeæ ó áeæ á ßeæ ã áeæ ò áeæ ß å æ ð å æ å å æ ñ å æ ä å æ ñ

B → Xc`ν

þ ë Ü å æ ä áeæ å å æ å áeæ á âæ ã å æ á áeæ â áeæ á å æ ð áeæ ò å æ ó áeæ á ßeæ ñ å æ ß ßeæ ä

B → D∗`ν

ë ë Ü ßeæ ó å æ å ßeæ å å æ ã ðeæ å ßeæ ä å æ â å æ ß ßeæ ñ å æ á ßeæ ã áeæ ó ßeæ ó ßeæ â ßeæ ã

B → D`ν

ë ë å æ ó å æ á ßeæ ó ßeæ ð áeæ á ßeæ â ßeæ å ßeæ ó ßeæ ã ßeæ ñ ßeæ â ßeæ ó ßeæ å ßeæ â ßeæ á

Υ (4S) → B0B0 þ ë áeæ å áeæ ò å æ ò å æ ò å æ ð å æ ó å æ ã å æ á å æ ã å æ ß áeæ â å æ ñ å æ ó å æ ó å æ ó

D → X`ν

þ ë Ü áeæ ð áeæ ä å æ å å æ ð å æ ã å æ å å æ å ßeæ ñ ßeæ ã ßeæ ñ å æ ß ßeæ ä ßeæ â ßeæ ò ßeæ ð

D → K0
L

þ ë Ü ßeæ ã å æ ó áeæ ð å æ ò áeæ ß áeæ ð å æ ß âæ á å æ ä ðeæ ñ å æ ß å æ ó å æ å å æ ß å æ åþ ü èø Ú ê ÙÛÚ � å æ å å æ å å æ å å æ å å æ å å æ å å æ å å æ å å æ å å æ å å æ å å æ å å æ å å æ å å æ åÿ Ù	� Ú � ï 
 � Ü ê � ê ì ô ô è ô å æ ò å æ ó å æ ã å æ ñ å æ ã å æ ñ å æ â å æ ä å æ â å æ ã å æ ð å æ ò ßeæ ò ßeæ ã ßeæ âçéè ê � ï Üî Ü êì ý � ê Ù ü ì ô ô è ô á ðeæ ó óæ ß ãeæ á äeæ å ñeæ ã óæ ð óæ å å å æ ß óæ ß å å æ ß å âæ ñ á óæ ß ãeæ ð óæ ä òeæ óëÙ ê ì ô ô è ô å òeæ á å âæ â å áeæ ä å âæ ä å òeæ â å ñeæ á å ðeæ ñ á òeæ á å óæ ã á äeæ ò á ßeæ á á óæ ó òeæ ð å ßeæ ð âæ äçéè ê � ï ì ô ô è ô á äeæ á å ãeæ å å âæ á å ãeæ ñ å äeæ á á ßeæ ò å òeæ ã á óæ ò å ñeæ ß ð ßeæ ã á òeæ å ð äeæ ó äeæ á å áeæ ñ óæ ò



Á ÿ1ÿ

Ç<ÈÂÉ�Êl�9$��<(¢� *%½6½>`AW]T^X>V,*!ZT¾?TtX©½>VyÌx*'M�X©»7`m|7T%½/X>V]T'W ∆B(B0 → π−`+ν, q2) Y�XrT^X>V,Y/X>V,[0T'W9`]½6½/*1½>Y $¬ »%`C[A*1½6½/`0W,T^XBV1*!Z7Yg»7TÒò'`�X©»7`�Y>T%¾;`¢ò^T'W û `0Y.M2*%½:X©»7`x�4�5* ºæÀ 3��J[dT'Y/`CT'Y.M2*1½:X6»7`�*!Z7`1J<VbX©»º³À 3o��J<V1X©»%V,ZLX©»7` � û *'X>`0_-|�½>`A[0V1Y>V,*'Z $
q2 Ï*ÐÒÑ·ÓÔ
GeV2Õ Öi×ÙØ Øi×}Ú Ú(×ÙÛ Ûi×ÙÜ Üi×=ÝÞÖ ÝÞÖi×=ÝÞØ ÝÞØi×=ÝdÚ ÝdÚ(×=ÝÞÛ ÝÞÛi×=ÝÞÜ ÝÞÜi×ÙØ�Ö Ø�Öi×ÙØ�Ø Ø�Øi×ÙØ�Û0ß Ú
Öi×ÙØ Ý�ß�Ö�Ö ×ÙÖ0ß�Ø�Û Ö0ßÒÝ�Ý Ö0ß�Ö0Ý Ö0ß�Ö�Û Ö0ß�Ö0Ý Ö0ß�Ö�á ×ÙÖ0ß�Ö0Ý ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö0Ý
Øi×}Ú ×ÙÖ0ß�Ø�Û Ý�ß�Ö�Ö ×ÙÖ0ß�á�á Ö0ßÒÝdÚ Ö0ß�Ö�á ×ÙÖ0ß�Ö�Ö Ö0ß�Ö0Ý ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö
Ú(×ÙÛ Ö0ßÒÝ�Ý ×ÙÖ0ß�á�á Ý�ß�Ö�Ö ×ÙÖ0ß�á�Ö Ö0ß�Ø0Ý Ö0ß�Ö�â Ö0ßÒÝÞá ×ÙÖ0ß�Ö�Ø ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö
Ûi×ÙÜ Ö0ß�Ö0Ý Ö0ßÒÝdÚ ×ÙÖ0ß�á�Ö Ý�ß�Ö�Ö ×ÙÖ0ß�Ø�Ø Ö0ßÒÝÞâ Ö0ß�Ö�ã ×ÙÖ0ß�Ö0Ý ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö
Üi×=ÝÞÖ Ö0ß�Ö�Û Ö0ß�Ö�á Ö0ß�Ø0Ý ×ÙÖ0ß�Ø�Ø Ý�ß�Ö�Ö ×ÙÖ0ß�Ø�Ø Ö0ß�Ø�Ö ×ÙÖ0ß�Ö�á Ö0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö
ÝÞÖi×=ÝÞØ Ö0ß�Ö0Ý ×ÙÖ0ß�Ö�Ö Ö0ß�Ö�â Ö0ßÒÝÞâ ×ÙÖ0ß�Ø�Ø Ý�ß�Ö�Ö ×ÙÖ0ß�Ö�Ø Ö0ß�Ö�Ø ×ÙÖ0ß�Ö�Ö Ö0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö
ÝÞØi×=ÝdÚ Ö0ß�Ö�á Ö0ß�Ö0Ý Ö0ßÒÝÞá Ö0ß�Ö�ã Ö0ß�Ø�Ö ×ÙÖ0ß�Ö�Ø Ý�ß�Ö�Ö ×ÙÖ0ß�Ø�â ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�á Ö0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö
ÝdÚ(×=ÝÞÛ ×ÙÖ0ß�Ö0Ý ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ø ×ÙÖ0ß�Ö0Ý ×ÙÖ0ß�Ö�á Ö0ß�Ö�Ø ×ÙÖ0ß�Ø�â Ý�ß�Ö�Ö Ö0ß�Ö�Û Ö0ß�Ø0Ý ×ÙÖ0ß�Ö�Û ×ÙÖ0ß�ÖEÚ
ÝÞÛi×=ÝÞÜ ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö Ö0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö Ö0ß�Ö�Û Ý�ß�Ö�Ö Ö0ßÒÝÞá ×ÙÖ0ß�Ö�Ü ×ÙÖ0ß�Ö�Û
ÝÞÜi×ÙØ�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö Ö0ß�Ö�Ö ×ÙÖ0ß�Ö�á Ö0ß�Ø0Ý Ö0ßÒÝÞá Ý�ß�Ö�Ö ×ÙÖ0ß�Ø0Ý ×ÙÖ0ßÒÝÞá
Ø�Öi×ÙØ�Ø ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö Ö0ß�Ö�Ö ×ÙÖ0ß�Ö�Û ×ÙÖ0ß�Ö�Ü ×ÙÖ0ß�Ø0Ý Ý�ß�Ö�Ö ×ÙÖ0ß�Ö�â

Ø�Øi×ÙØ�Û0ß Ú ×ÙÖ0ß�Ö0Ý ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�Ö�Ö ×ÙÖ0ß�ÖEÚ ×ÙÖ0ß�Ö�Û ×ÙÖ0ßÒÝÞá ×ÙÖ0ß�Ö�â Ý�ß�Ö�Ö

Ç<ÈÂÉ�Ê|�9$¡�l(V� *1½6½/`0W]TtXBV,*'ZV¾?T^X6½>VyÌ.*'M9X©»7`�|UT(½/XBV,T'W ∆B(B0 → π−`+ν, q2) Y/c�Y/X>`�¾;T^XBV1[�`]½6½/*1½>Y $¬ »%`C[A*1½6½/`0W,T^XBV1*!Z7Yg»7TÒò'`�X©»7`�Y>T%¾;`¢ò^T'W û `0Y.M2*%½:X©»7`x�4�5* ºæÀ 3��J[dT'Y/`CT'Y.M2*1½:X6»7`�*!Z7`1J<VbX©»º³À 3o��J<V1X©»%V,ZLX©»7` � û *'X>`0_-|�½>`A[0V1Y>V,*'Z $
q2 Ï*ÐÒÑ·ÓÔ
GeV2Õ Öi×ÙØ Øi×}Ú Ú(×ÙÛ Ûi×ÙÜ Üi×=ÝÞÖ ÝÞÖi×=ÝÞØ ÝÞØi×=ÝdÚ ÝdÚ(×=ÝÞÛ ÝÞÛi×=ÝÞÜ ÝÞÜi×ÙØ�Ö Ø�Öi×ÙØ�Ø Ø�Øi×ÙØ�Û0ß Ú
Öi×ÙØ Ý�ß�Ö�Ö Ö0ßÒÝÞã Ö0ß�á�Ø Ö0ßÒÝ�Ý ×ÙÖ0ß�Ö�Û Ö0ß ÚÆÛ Ö0ß Ú�Ú Ö0ßÒÝÞá Ö0ß�á0Ý Ö0ß�Ø�á Ö0ßÒÝÞá Ö0ß�Ö�Ö
Øi×}Ú Ö0ßÒÝÞã Ý�ß�Ö�Ö Ö0ß�Ø0Ý ×ÙÖ0ß�Ö�ã ×ÙÖ0ß�Ø�Ü Ö0ß�á0Ý Ö0ßÒÝ�Ý ×ÙÖ0ß�Ö�â Ö0ß�Ø�á Ö0ßÒÝdÚ Ö0ßÒÝÞÜ Ö0ß�á�â
Ú(×ÙÛ Ö0ß�á�Ø Ö0ß�Ø0Ý Ý�ß�Ö�Ö Ö0ß�Û�Û Ö0ß ÚÆÛ Ö0ßÁàiÚ Ö0ß�â�Ü Ö0ß�â�Ø Ö0ß�â�Û Ö0ß�á�Ö Ö0ß�ÖEÚ Ö0ß�ÖEÚ
Ûi×ÙÜ Ö0ßÒÝ�Ý ×ÙÖ0ß�Ö�ã Ö0ß�Û�Û Ý�ß�Ö�Ö Ö0ßÁà(â Ö0ß�â�Ü Ö0ß�Û�à Ö0ß�Û�Ö Ö0ß�âEÚ Ö0ß�Ø�à ×ÙÖ0ß�Ö�â ×ÙÖ0ß�Ö�ã
Üi×=ÝÞÖ ×ÙÖ0ß�Ö�Û ×ÙÖ0ß�Ø�Ü Ö0ß ÚÆÛ Ö0ßÁà(â Ý�ß�Ö�Ö Ö0ß�á�Ø Ö0ß�â�ã Ö0ß ÚÆÜ Ö0ß�á�â Ö0ßÒÝÞá Ö0ß�ÖEÚ ×ÙÖ0ßÒÝ�Ý
ÝÞÖi×=ÝÞØ Ö0ß ÚÆÛ Ö0ß�á0Ý Ö0ßÁàiÚ Ö0ß�â�Ü Ö0ß�á�Ø Ý�ß�Ö�Ö Ö0ß�Û�à Ö0ß�á�à Ö0ß�â�â Ö0ß�á�Û Ö0ß�Ö�Ü Ö0ß�Ö�â
ÝÞØi×=ÝdÚ Ö0ß Ú�Ú Ö0ßÒÝ�Ý Ö0ß�â�Ü Ö0ß�Û�à Ö0ß�â�ã Ö0ß�Û�à Ý�ß�Ö�Ö Ö0ß�á�Ø Ö0ß�Û�Ø Ö0ß�á�Û Ö0ß�Ö�Ü ×ÙÖ0ßÒÝdÚ
ÝdÚ(×=ÝÞÛ Ö0ßÒÝÞá ×ÙÖ0ß�Ö�â Ö0ß�â�Ø Ö0ß�Û�Ö Ö0ß ÚÆÜ Ö0ß�á�à Ö0ß�á�Ø Ý�ß�Ö�Ö Ö0ß ÚÆÖ Ö0ß�Ø�Ü Ö0ß�Ö�â ×ÙÖ0ßÒÝ�Ý
ÝÞÛi×=ÝÞÜ Ö0ß�á0Ý Ö0ß�Ø�á Ö0ß�â�Û Ö0ß�âEÚ Ö0ß�á�â Ö0ß�â�â Ö0ß�Û�Ø Ö0ß ÚÆÖ Ý�ß�Ö�Ö Ö0ß�âEÚ Ö0ß�Ö�â ×ÙÖ0ß�Ö�Ü
ÝÞÜi×ÙØ�Ö Ö0ß�Ø�á Ö0ßÒÝdÚ Ö0ß�á�Ö Ö0ß�Ø�à Ö0ßÒÝÞá Ö0ß�á�Û Ö0ß�á�Û Ö0ß�Ø�Ü Ö0ß�âEÚ Ý�ß�Ö�Ö ×ÙÖ0ßÒÝÞÖ Ö0ß�Ø�á
Ø�Öi×ÙØ�Ø Ö0ßÒÝÞá Ö0ßÒÝÞÜ Ö0ß�ÖEÚ ×ÙÖ0ß�Ö�â Ö0ß�ÖEÚ Ö0ß�Ö�Ü Ö0ß�Ö�Ü Ö0ß�Ö�â Ö0ß�Ö�â ×ÙÖ0ßÒÝÞÖ Ý�ß�Ö�Ö Ö0ß�Ö�Ü

Ø�Øi×ÙØ�Û0ß Ú Ö0ß�Ö�Ö Ö0ß�á�â Ö0ß�ÖEÚ ×ÙÖ0ß�Ö�ã ×ÙÖ0ßÒÝ�Ý Ö0ß�Ö�â ×ÙÖ0ßÒÝdÚ ×ÙÖ0ßÒÝ�Ý ×ÙÖ0ß�Ö�Ü Ö0ß�Ø�á Ö0ß�Ö�Ü Ý�ß�Ö�Ö
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Æ Â ��� ÊM3�O T¢ç�G Â â�GJÌ�UvÆÚ3 Â â�Æ�TnE :�T7OgÆJ:(TqG�EQ3 Ã TqÆ

"$���B����-]���

� `fX>XB`.X6»�z0Y/`n|�½6{AY>`AZkX>` û Z7`Y¾C`0Y û ½>`:_ û ½BT'|%|j*1½�Xm_7¿ `�¾ ¿ ½BT'Z%[E»7`�¾C`0ZhX<`AXm_ û M~T'[AX>` û ½l_7`
M2*%½6¾C`;_7`;W]T@_�{0Y/V,ZhX©{]¼1½BTtXBV,*'Z B0 → π−`+ν �=`AX û Z7`H_.{AXB`]½6¾CV,ZUTtXBV,*'Z
`ÞÌ9[0W û Y>V<ò!`H_7` |Vub|
TNò'`0[ û Z7`xX>`0[E»7Z7V
� û `J_7`T½>`A[0*!Z7Y�X©½ û [AX>V,*!Za½>`0W��'[E»�{A`J_ û Z7` û X6½>V1Z7* $ #yTw¾C`0Y û ½>`x_7` |Vub| `AY/X
VB¾;|8*1½�XrT'ZhXB`<| û V,Y,� û `5YBTTò^T'W1` û ½�`AY/X û Z;|UT%½>T%¾wzfX©½/`5W1V ¿ ½/`3_ û ¥g*�_�z0W1` À XBT'Z7_UT(½>_ $+§ `:|%W û YQ�
[A`AX/XB`\¾;`AY û ½/`L|�½6{AY>`AZkX>` û Zµò�VbM5V1ZhX©{�½P­AX)`AZ ½>T'V,Y/*!Z�_7`@WÀ¿�T'[fX û `AW,W,`;_7V
	Õ{�½/`0Z7[A`L_7`@|7W û Y�_7`
_%` û Ìw{0[0T%½/X>YlX�c�|8`0Ym`AZkX6½>`5W]TVò'T^W,` û ½�_%`:W]Th¾C`0Y û ½>`:_%V|½>`A[AX>`5V1Z7[0W û Y>V<ò!`3_7` |Vub| `AXlYBTQò'T^W,` û ½
|.½6{0_%V1XB`J|UT%½.W1`�W,V1Y>YBT(¼!`J_ û�¬ ½>V,T'Z�¼!W1`J_7¿ � Z%V1XrT(½>V1X6{|�8_UT'Z7Y:W,`�[0T'_�½>`J_ û ¥g*9_.z0W,` À XrT'Z%_UT%½>_ $� Z7`�¾C`0Y û ½>`�`ÞÌ%[AW û Y/VBò'`�|�½6{A[0V,Y/`�_7` |Vub| `0Y/X�Z.{0[0`AY>Y>T'V|½/`�|j* û ½�ò1{]½>V1w7`�½KW,Tg¾;`AY û ½/`mV,Z%[0W û Y>VBò'`
_ó¿ û Z%`Q¾;T'Z7VBz�½/`nV,Z7_�{A|j`AZ7_UT'ZhX>` $«tû�� »UT'| $9� �DZ%* û YNTÒò'*!Z7YN`�Ì9|j*'Y6{+W1`0Y�{0WB{�¾C`0ZhXBYyX©»�{A*1½>V
� û `0Y û XBV1W,`AY°ü<W]T<[0*%¾;|�½8{�»7`AZ7Y>V1*!Z
`fXcüJWÙ¿OT'|%|�½6{A[0V]TtXBV,*'Z;_7`5W]TP¾C`0Y û ½>`5|�½6{AY>`AZkX6{0`6_UT'Z%Ym[0`fX>XB`5X©»�zAY>` $ �5* û Y�cHTNò'*!Z7Y�V,ZhX6½>*�_ û V1X
W1`0Yn|�½/V,Z7[AV,|UT û Ì�[A*!Z7[0`A|%XBYq_ û ¥g*�_�z0W1` À XrT^Z7_UT%½/_  #W1`0Yn|UT(½/XBV1[ û W1`0YV{AW|{�¾C`0ZhXBT'V|½/`0Y.`fXxW1` û ½/Y
V1ZhXB`�½>T'[AX>V,*!Z%Yc�UW]TÛ¾;T^X©½/V,[0` � ÄQ¥��8WÀ¿�T'ZhXBVäó@¾;T^XBVBz�½/`:`AX5W]T�ò�V,*!W,T^XBV1*!Z ��¹N$¦§ T^Z7Y:[A`x[A*!ZhXB`�Ì�X>`|�
Z%* û YCTNò!*!Z7YC_�{]¾;*!ZhX6½6{@WÀ¿ V|¾C|j*%½/XrT^Z7[0`;_7`@WÀ¿ {AX û _7`@`�Ì9|Õ{]½>VB¾;`AZkXBT'W,`L_%`-W,T¸¾?TtX©½>V1[0` � ÄQ¥
TNò'`0[�W,` ¬ ½/V]T'Z.¼!W,`-_7¿ � Z7VbXrT%½/V1X©{h�l`fXHXB* û XH|UT(½/XBV1[ û W1V|z]½>`�¾C`0ZhX;_7`�Y/*!Zí{0WB{�¾C`0ZhX Vub

$ �3* û Y
TNò'*!Z7YiY>* û W,VB¼!Z�{ � û `�_%`0Y�V,Z7[A*1»�{]½>`0Z%[0`0Yi_%`�|7W û Ye_7`�_7` û Ì�{0[0T%½/X>YKX�c�|j`AYiY>*!ZhX�|�½8{0Y>`AZhXB`�¾C`0ZhX
* ¿ Y>`]½8ò1{A`0YH`AZhX©½>`-W,`AYÛ¾;`AY û ½/`0YC_7` sin 2βping `fX sin 2βcc̄ �i`fX?`AZhX©½>`-W,`AY�ò'T^W,` û ½>Y)_7` |Vub|
¾C`0Y û ½6{A`0Yl_7V|½/`0[AX>`�¾C`0ZhXl`AXl_7*!Z7Z�{A`0Yl|UT%½ û Z?W1V,Y/YBT%¼!`c¼!W1* ¿ T'W%_ û?¬ ½>V,T'Z�¼!W1`�_7¿ � Z7V1XBT%½>VbX©{ $'� `0Y
V1Z7[0*%»�{�½/`0Z7[A`0Y=|j* û ½6½BT^V,`0ZhX�­fX©½>`�W,`AY�Y>VB¼!Z7`0Yy_7¿ û Z7`�Z7* û ò!`0W1W,`�|�»hc�Y>V
� û ` $�¬ * û XB`fM2*!V,YQ�DW]T�¾C`0Y û ½>`
_%V|½>`A[AX>`xV1Z7[0W û Y>V<ò!`6_7` |Vub| |8` û X�­fX©½>`Qò1{]½>V1w�{0`q|UT%½ û Z7`Q¾;`AY û ½/`x`ÞÌ%[AW û Y/VBò'`JV,Z%_�{0|8`0Z7_7T'ZhXB`
_%` |Vub| TNò!`A[­W,Ts_.{0Y>V1ZhX©{�¼%½BT^X>V,*!Z B0 → π−`+ν

$t� `fX>XB`åò1{]½>VbwU[dT^X>V,*!Zª`0Y�XvVB¾;|8*1½�XrT'ZhX>`
[0T%½�W1`0Y�¾C`0Y û ½>`0Y�_%V|½>`A[AX>`0Y�_7` |Vub| _�{0|8`0Z7_%`0ZhX?_%`L[dT'W1[ û W1YJ_7` ��§ %�Z7*!Z+ó�|j`]½/X û ½ ¿ TtXBVBò'`
[A*1¾C|�½>`AZUT'ZhX3[0`�½�XrT'V1Z7`0Y<Y/* û ½>[A`0Y3_7¿ V,Z7[A`�½/X>V1X û _7`0Y�_%V1ëC[0V1W,`0Ycü�{�ò'T^W û `]½ $

#yT�Y û V1XB`L_ ûì� »7T'| $m� `AY/X)[0*'Z7YBT'[]½6{A`aü�W,Tv_7`0Y/[�½/V,|%X>V,*!Z{M2*1½8¾;`AW,W1`;_7`LW,Tv_�{AY>V,ZhX6{�¼1½>T�ó
X>V,*!Z B0 → π−`+ν ��`0Z�{AXBT ¿ W,V1Y>Y>T'ZhXL_7`0Y@W1V,`0Z%YH`0ZhX6½>`�W,`AYL[0*!Z7[A`0|%X>YLX©»�{A*1½>V
� û `0Y@`AX@W1`0Y
* ¿ Y>`]½8ò^T ¿ W1`0Yk¾C`0Y û ½6{A`0Y $ �5* û YCcaTNò!*'Z7Y?Z7*^XrT%¾�¾;`AZhX?_�{]¾;*'ZkX6½6{�� û `vW1`a½>T'|7|8*1½/X;_7¿ `�¾�ó



Á S!&
¿ ½BT'Z7[E»%`�¾C`0ZhX B(B0 → π−`+ν) `fX<W]TJM2*1½8¾;`:_ û M~T'[AX>` û ½�_7`nM2*1½8¾;` f+(q2) |8` û ò'`0ZhXO­AX6½>`
¾C`0Y û ½6{AYxV1Z7_�{A|j`AZ7_UT%¾�¾;`AZhXx_%`)X>* û X>`w»hc�|j*^X©»�zAY>`;X6»�{0*%½>V � û `h�I¾?T^V,Y�� û `CW,`�[dT^W,[ û WKX©»�{A*(ó
½/V � û `@_7` f+(q2) `AY/X;Z�{0[A`0Y/YBT'VB½>`aü
W,T�_.{AXB`]½6¾CV,ZUTtXBV,*'Z�`�Ì9[0W û Y>V<ò!`-_7` |Vub|

$ �5* û Y?TNò'*!Z7Y
¾C`0ZhX>V,*!Z7Z.{D� û ¿ V,W<`�Ì9V1Y/XB`v|7W û Y/V,` û ½>Y�¾?T^Z7V|z]½>`0YC_7¿ `�Ì�X©½>T'V|½/`vW,Tåò^T'W1` û ½C`�Ì9[0W û Y>V<ò!`g_7` |Vub|

$
� `AW,W1`�� û `qZ%* û Y3TNò!*!Z7Y û X>V,W1V,Y6{:_UT'Z7Y<[0`fX>X>`6X6»�z0Y/`x`AY/Xp½>`AW]T^X>VBò'`�¾C`0ZhX�Y>VB¾;|%W,` $ �iW,W,`:[0*!Z7Y/V,Y�XB`
ü û X>V,W,V1Y>`]½mW,`h½BT^|7|j*%½/X<_7¿ `�¾ ¿ ½BT'Z7[E»%`�¾C`0ZhX.|UT(½/XBV1`0W ∆B(q2) ¾C`0Y û ½6{q_UT'Z%Y û Z%`T½8{�¼!V1*!Z\½>`0Y�ó
X6½>`AV,ZhXB`6_ û Y>|8`0[AX6½>`x_7` q2 [0*1½8½>`0Y/|j*'Z7_UT'ZhX:T û _%*1¾?T^V,Z7`n_7`hò^T'W,V1_7V1X6{._ û [dT'W1[ û W�_7` f+(q2)û XBV,W1V,Y8{m|j* û ½�`�Ì�X©½>T'V|½/` |Vub|

$ �3* û YlTÒò'*!Z7Y�XB* û XB`AM2*'V,YiY>* û W,VB¼!Z�{ � û `<_7`3Z7* û ò'`0W,W1`0Y�¾�{AX©»%*9_7`AY
|%W û YxY>*!|�»%V,Y>VbXBV
� û {0`0Yx*!ZhX¢{fX©{M½8{0[0`]¾w¾C`0ZhXJ|�½>*!|8*!Y8{0`0Y)TtwUZ{_7¿ `�Ì�X©½>T'V|½/` |Vub| `0Z û X>V,W1V,YBT^ZkX
WÙ¿�V1Z%M2*1½8¾?T^X>V,*!ZL`ÞÌ9|Õ{]½>V|¾C`0ZhXBT'W,`x_7V,Y/|j*!Z%V ¿ W1`x|8* û ½5W,`JY/|j`A[AX6½>`�[A*1¾;|%W,`AX5_7` q2 $ ��Z9wUZ6�oZ%* û Y
TNò'*!Z7Y6[0*!Z%[0W û W,` � »UT'| $i� `0Z
|�½8{0Y>`AZhXrT'ZhXxW,`0Yn_%V
	Õ{�½>`AZhXB`0YQ¾�{AX©»%*9_7`AYn|�½6{AY>`AZkX>`�¾C`0ZhX û XBVäó
W1V,Y8{0`0Yq|8* û ½J[0T'W,[ û W,`]½ f+(q2)

$°¹ T%½6¾CV�[0`AY¢¾w{fX©»7*�_7`AYc�=W]T ��§ %�Y û ½P½8{0Y/`dT û `AY/X�[A`0W1W,`H� û V
|.½6{0Y/`0ZhXB`qW,`V¾C`0V1W,W1` û ½l|j*'X>`0ZhXBV1`0W�_7¿�T%¾�{0W1V,*1½>T^XBV1*!ZCM û X û ½/` $«tûé� »UT'| $ Á
��Z7* û YqTNò!*!Z%YJ|�½8{0Y>`AZhX©{?W1`)_7V,Y/|j*!Y/V1X>V1M�`�Ì9|8`�½>VB¾;`AZhXrT'Wi`fXxW1`0YqT'WB¼!*1½>VbX©»�¾C`0Y
_%`k½>`A[0*!Z%Y/X©½ û [AX>V,*!Z û XBV,W1V,Y8{0Y6|j* û ½P½8{dT'W1V,Y>`]½xW,Ta¾C`0Y û ½>`;|�½6{AY>`0ZhX6{0`@_UT'Z7Yx[0`fX>XB`;X©»�zAY>` $ #�`0Y
|.½>V,Z%[0V,|8`0YC|�»hc�Y>V
� û `0YL_7` ¿ T'Y>` û XBV,W1V,Y8{0Y)|UT%½;[E»UT[� û `�T'|%|UT%½>`AV,W3|j* û ½?T^[0[�{AW|{]½>`�½���#�V,ZUT^[u
M�
[A*!W,W1V,Y/V,*!Z7Z%`�½ � ¹ � ¹ ó]�P�9
<* û _�{fXB`0[fXB`]½]��G~I<GJILK 
mW,`0Y3|UT%½�XBV1[ û W1`0Y<*!ZhXg{fX©{q|�½6{AY>`AZkX6{0Y._7T'Z7Y3[0`
[E»7T'|7V1X6½>` $ �5* û YycqTNò!*!Z%YeT û Y>Y>V¬{AZ û ¾w{]½6{�W,`0Yy|�½/V,Z7[AV,|UT^W,`0Y�[A*!ZhX©½>T'V,ZhXB`AY4\ û Y/X>V1w�T'ZhX=W]T�[A*!Z7[0`A|+ó
X>V,*!Z@_7`q[E»UT[� û `JT'|7|UT(½>`0V1Wu�7`AZvY/* û W,VB¼!ZUT'ZhX<W1`0Y ¿ `AY>*!V1Z7Y3Y>|¦{0[0Vbw?� û `0Y5_7`qWÀ¿�T'ZUT'Wbc9Y/`n_7`0Y5_�{0Y�ó
V1ZhX©{�¼%½BT^X>V,*!Z7Y B0 → π−`+ν TNò!`A[Y½>`A[0*!Z7Y�X©½ û [AX>V,*!ZH_ û Z7` û X©½/V,Z7* $'¹æû V1Yc��Z7* û Y+TÒò'*!Z7Ym_%*!Z7Z�{û Z7`�_7`0Y/[�½>V1|%XBV1*!Zí¾�{0[dT^Z7V � û `�_7`�[E»UT�� û `­T'|%|UT%½>`AV,W��+TNò^T'ZhX@_7`�[0VbXB`�½LY/`0Y@|8`�½/M2*%½6¾;T'Z7[0`AY
*'|Õ{]½BT^X>V,*!Z7Z%`0W,W1`0YqW,`AY�|7W û YJV|¾C|8*1½/XBT'ZhXB`0Y $ �iZ%w7Z6�KZ7* û Y�TNò!*!Z7Y�_.{0[�½/V1X�W1`0YJT'W|¼!*%½>V1X6»�¾C`0Y6_7`
½/`0[A*!Z7Y/X6½ û [fXBV1*!Zv_7`AY3X6½BT'[A`0Y5[E»UT%½6¼%{0`0Y5`AX5_7¿ V,_7`AZkX>V1wU[0T^XBV1*!Z@_7`0Y<X�c�|j`AY:_7`q|UT%½�XBV1[ û W1`0Yc��T^V,Z7Y/V
� û `xWÀ¿�T'W|¼'*1½>VbX©»�¾C`:_ û Y/c�Y/X6z�¾C`J_7`x_�{0[AW,`0Z%[E»7`�¾C`0ZhXL�~� û Vy[0*1¾ ¿ V,Z7`AZkX5W,`AY5V1Z%M2*1½8¾?T^X>V,*!Z%Ym_7`
|%W û Y/V,` û ½>Y�Y>* û Y>ó�_�{AX>`0[AX>` û ½/Y $«tû�� »UT'| $l" ��Z7* û YHTNò!*!Z%Y?|�½8{0Y>`AZhX©{ û Z%`vZ7*'X>`gX>`0[E»7Z7V
� û `�' æS)21 V1ZhXB`�½/Z7`v_%`gW,T � *!W1W]T�ó¿ *1½>T^XBV1*!Z GJIJGJILKº_.{0[�½/VBò^T'ZhX�`AZ�_.{AXrT^V,W+W1`?|�½/*'XB*�[0*'W,`?`ÞÌ9|Õ{]½>V|¾C`0ZhXBT'W+`fX�W,`AY¢½6{AY û WbXrT^X>Y�_7`
Z%*'X©½/`p¾C`0Y û ½>`<_ û ½BT^|7|j*%½/X�_7¿ `�¾ ¿ ½>T'Z7[E»7`]¾;`AZhX+`fXl_ û M~T'[fXB` û ½�_7`�M2*1½6¾C`�_7`3W]T._�{AY>V,ZhX6{�¼1½>T�ó
X>V,*!Z B0 → π−`+ν TNò!`A[ û Z7`�XB`0[E»%Z7V � û `C_7`Û½>`A[0*!Z7Y�X©½ û [AX>V,*!ZØ½>`AW��'[E».{0`)_ û Z7` û X6½>V1Z7* $�� `
[E»7T'|7V1X6½>`�`AY/XxW,`�|7W û Y6V|¾C|j*%½/XrT^ZkX:_7`)[0`fXx* û ò'½BT%¼!`)[0T%½nV,WK|.½6{0Y/`0ZhXB`CWÀ¿ `0Y/Y>`AZkX>V,`AWi_ û X6½BTNò^T'V,W



Á S%�
_%`k½>`A[E»7`�½/[E»7`H*1½/V|¼!V1ZUT'W³½8{dT'W1V,Y8{C|7T%½xWÙ¿OT û XB` û ½6_7`?[A`AX>X>`;X6»�z0Y/` $ #y`;|�½>*^XB*�[0*!W1`C`ÞÌ9|Õ{]½>V|¾C`0Z'ó
XBT'W:_.{]ò!`AW,*!|%|Õ{�|8* û ½H[A`AX>X>`�T'ZUT'Wbc�Y>`�[0*'ZkX>V,`AZkX@|%W û Y/V,` û ½>YHV1Z7Z7*Òò^T^XBV1*!Z7Y?`AZ¨[0*1¾C|UT%½>T'V,Y/*!Z
_%`0Y�|�½8{0[�{A_7`0ZhX>`0Y;T'ZUT'Wbc9Y/`0Y�_7`?_�{0Y/V,ZhX©{]¼1½BT^X>V,*!Z%Y�`�Ì9[0W û Y>V<ò!`AY B → Xu`ν

$ #yT�|�½>V1Z7[0V1|UT'W1`
V1Z7Z7*Òò^T^XBV1*!Z�`0Y�X+W,TY½>`A[0*!Z7Y�X©½ û [AX>V,*!Z�½>`AW��'[E»�{A`5_ û Z7` û X©½/V,Z7* $'� `AX>X>`�XB`0[E»%Z7V � û `5[0*!Z7Y/V,Y�XB`<|�½>`¡ó
¾CV|z]½>`]¾;`AZkXæüY½>`0[A*!Z7Y�X©½ û V|½>` q2 = (PB −Pπ)2 �!T û W,V1` û _ û ��X©½>T'_7V1X>V,*!Z%Z7`0W � q2 = (P` +Pν)

2 $
§ `�[0`AX/XB`Û¾;T'Z7V|z]½>`h�jW,TM½6{0Y/*!W û XBV,*'Z�_7` Pν `0Z�Y>*!Ve_7`]ò�V,`AZhX6V,Z û XBV1W,`h�j[A`]� û ViZ7* û Y6TH|8`�½8¾;V1Y
_ó¿�{AW,V|¾CV,Z%`�½q`0ZhXBVBz�½>`]¾;`AZhX)W,`0YJY6{0W1`0[fXBV,*'Z7Y�`�Ì9|¦{�½>VB¾;`AZhXrT'W1`0Y�_7`;�0� û T'W,VbX©{;_ û Z7` û X6½>V1Z7*^� � û V
{fXrT'V1`0ZhX�V,Z%`AëC[dT'[A`0Y�|j* û ½iV,Y/*!W,`]½KW,`�Y/V|¼!ZUT^W%_ û ¿ ½ û V1X�_7`�M2*!Z7_ $ �iZ;[A*!Z7Y6{�� û `0Z7[A`|��WÀ¿ `AëC[dT^[0V1X6{
_%`�Y6{AW,`0[fXBV1*!Zv_ û Y/V|¼!Z7T'W=Tk{AX6{�T û ¼%¾;`AZkX6{0`�_%` Ë Q'" ° ��XB* û X.`AZe¾?T'V1ZhXB`0Z7T'ZhX:W,T;| û ½/`AX6{�_ û
Y/V|¼!Z7T'WU`AXlW]Th½6{AY>*!W û XBV1*!Z)_7` q2 ü û Z?Z%VBò!`0T û T^[0[0`A|%XrT ¿ W,`³	'ýKXrT^ZkXl_7*!Z%Z�{:W,T6Y/V|¼!Z%V1w�T'Z%[0`<Y/XBT�ó
X>V,Y�XBV � û `+_ û Y>VB¼!ZUT'W}æ��!W,TV� û T'ZhXBVbX©{�T û ¼1¾;`AZhX©{0`�_%` ¿ ½ û VbXi_7`+M2*'Z7_)Z7¿�{fXrT'VbXK|UT^Y û Z)|�½>* ¿ W|z�¾C` $
��WyYi¿OT%¼'V,Y>Y>T'V1Xc¾r­�¾C`6_7¿ û Z�TNò^T'ZhXrT%¼'`q[0T%½3[0`0W,T�Z7* û Y5T;|8`�½8¾;V1Y�_7¿ û XBV,W1V,Y/`�½�Y>`A|%X5|UT%½BT(¾wzfX©½>`AY
|8* û ½
¾C`0Y û ½>`]½5W1`V½>`AZ7_7`�¾C`0ZhX3_ û ¿ ½ û V1X<_7`6M2*!Z7_-TNò!`A[ û ZgT'W|¼'*1½>VbX©»�¾C`5_%`xW1V,Y>Y>T%¼!`H�2[0*!ZhX6½>`û Z?Y>` û W8|�½6{A[�{0_%`�¾�¾;`AZkX 
M�k[0` � û V8T ¿ `dT û [A* û |;_7V|¾CV,Z û {�WÙ¿�V1Z7[0`]½/XBVbX û _%`3Y�c�Y/X©{]¾?TtXBV � û `3[dT û ó
Y8{0`H|7T%½�W]T�¾;*�_�{AW,V,Y>T^XBV1*!Z�_ û ¿ ½ û V1XJ_7`?M2*!Z%_ $ % û V�|7W û Y�`0Y�XL�NWÀ¿ V|¾C|UT'[AXq_7`AY�V,Z%[0`�½�XBVbX û _7`AY
Y�c�Y/X©{]¾?TtXBV � û `AY5_%`qW,T�Y>VB¾ û W]TtXBV,*'ZH_ û _�{AX>`0[AX>` û ½Q�Q� û VNT�	o`A[AXB`AZhX5WÙ¿�`fëC[dT'[AV1X©{6_ û Y>VB¼!ZUT'WÕò9V,T
W,TM½>`A[0*!Z7Y�X©½ û [AX>V,*!Z
_ û Z7` û X6½>V1Z7*���`0Y�XQ¾;*!V1Z7Y.VB¾;|8*1½/XBT'ZhXn|8* û ½ û Z7`Û½/`0[0*'Z7Y/X6½ û [fXBV,*'Zâ½/`0W��Óó
[E».{0` � û `H|8* û ½ û Z7`M½/`0[A*!Z7Y/X6½ û [fXBV1*!Zp�4Y/`�½6½8{0`·�?_ û Z7` û X©½>V1Z7* $ #[¿OT ¿ *!Z7_7T'Z7[0`?_ û ¿ ½ û V1Xx_7`
M2*'Z7_J_ û [0*!ZhXBV1Z û�û ¾��'T'Y/Y>`Q��¾?T^W�Y/V|¾ û W|{|��T3[dT û Y6{N� û `AW � û `0Ye|�½>* ¿ W|z�¾C`0Y � û V9Z%* û Ye*'ZkXNM2*1½>[]{
ü-_�{]ò'`0W1*!|7|8`�½ û Z%`?Z7* û ò!`0W1W,`;Y/X©½>T^X©{]¼!V,` ¿ T'Y8{0`HY û ½ û ZÆ{0[E»UT^ZkX>V,W1W,*!Zp_7`?[A*!ZhX©½ ¨ W,`C_7`?_7*'Z+ó
Z.{0`0Yg»7*1½>Y�ó@½8{0Y>*'ZUT'Z7[A` $Ú« |�½6zAYV� û `AW � û `0Y:`�	j*1½/X>Yc�8[0`AX/XB`xY/X©½>T^X©{]¼!V,`qYE¿ `0Y�XL�j`0W,W1`JT û Y>Y/Vu�8TNò1{�½8{0`
M�½ û [AX û ` û Y>` $¹ * û ½q[0*!Z7[A`]ò'*!V|½qWÀ¿�T'ZUT'Wbc�Y>`|�oZ7* û YxTNò!*!Z7Y û X>V,W,V1Y6{ û Z%`;|�½/*9[]{0_ û ½>`��>üLWÀ¿�TNò!` û ¼!W,`·� ¿ T'Y8{0`
Y û ½+W,TxY/V|¾ û W,T^XBV1*!Zw¥g*!ZhXB` � T%½>W1*x`fX�Y û ½l_7`0Y-{0[E»UT'ZhX>V,W,W1*!Z7Y�_7`:[A*!ZhX©½ ¨ W,`3YBT'Z%Ym[0*!ZhX6½>V ¿ û XBV1*!Z
ò�V1Y>V ¿ W,`6_ û Y/V|¼!Z7T'W $Ï� `fX>X>`�T'ZUT^W1c�Y>`xTNò!` û ¼!W,`xTw{fX©{Q½>`]ò û `x`AX:T'|7|�½/* û ò%{0`�|UT(½3W1`T¼%½>* û |8`6_7`
X6½BTNò^T'V,W9Y>`]¾;V1W,`0|9XB*!Z7V
� û `�_7` GJI<G~ILK $�« |�½6zAY+TNò'*!V|½æ½/`c® û WÀ¿�TNò^T'W7_ û ¼1½>* û |j`�_%`<X6½BTNò^T'V,W��^Z%* û Y
è]¯Âî��@í\ñäî<¡u°=ûiú.÷��6�é÷�ïPð�ñ�±éöÀì¼õ�ô³ñ.úäíÙíÀîÞûiì

∆E ± mES

�5ñqîRð�¡u°/�.°;õ�ì9�EöÀì<î��Æî�ñ�¤�íÙì<õ�ìl¡Ùì>�é÷��@í}ö}¡Ùôt�éöÙúq÷��¨íÙì�¡}¡�°Cìõ�ì�²D³�²D³_´¬� è��Ù�¯��÷A£�öÙú¿�Eö\ì9�d³(ú�¡À÷��6ðn´bµ��0¶5°�³M°���ì=ïPì��iö í\íÙú.û��ÆîÞôÓ²J´ £t¡Ùô�ú.öÀí�õ�ìi y÷��Æõt¶7ðÆîf¡y  £
−1
�'�é÷�ïPðÆîf¡ÀîÞöÙúO³�ì ±ï�ì��Eö&µ2þfðc¶>  £

−1
´BþfðrµK¶>  £

−1
¶Âõ�î��@íe�=ìéöÙöÙìUî��Æî�ñ�¤�íÙì�ü}¯�î��Æí»ñäî3¡u°=ûiú.÷��

∆E ± mES

õ�ô¡íÙú.û��ÆîÞñ �!�éìCí ��÷iï�£�¡ÀìCíõ�ì�³(úqì9����ì��EöRýc¶>  £
−1
´HýL¶>  £

−1
¶�ì=öO·�ü	ðQ¶>  £

−1
´C�dþQ¶B  £

−1
¶bõ�î��ÆíPñäî�¡Àì/�é÷��Æí½öÒ¡Àôt��öÀú.÷���íÙì�¡}¡�°Cì¬ì=öRõ�î��@í<�éì=ö½öÙìî��Æî�ñ�¤�íÙì��d¡Ùì;í½ð5ì/�éöÙúO³�ìCï�ì��EöCü
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� û `�¾C`0ZhX<W,`AY�`�½8½>` û ½>Y
_%`Z½/`0[A*!Z7Y/X6½ û [fXBV1*!Zx_%` q2 |j* û ½�¾C`0Y û ½>`]½yW,`0YI½>T'|7|8*1½/X>Yy_7¿�`]¾ ¿ ½>T'Z7[E»7`]¾;`AZkXN|UT%½�XBV1`0W,Y ∆B(q2)

`AZCM2*'Z7[AX>V,*!Z�_7`�W,T¢9DÐ/Ï'ö}Ó
ò^T'W,` û ½K_7` q2 $ �iZw{�ò^T'W û T^ZkX�W1`0YiV1Z7[0`]½/XBVbX û _%`0Yi_7`AYZ½>T'|7|8*1½/X>Yi_7¿ `�¾�ó¿ ½BT'Z7[E»%`�¾C`0ZhX.|UT(½/XBV1`0W1Yc�7Z7* û Y:TNò'*!Z7Y.T û Y>Y/VN_�{�ò!`AW,*!|7|¦{ û Z7`Q¾w{fX©»7*�_7`q|j`]½6¾C`AX>XBT'ZhX3_7¿�{�ò^T�ó
W û `�½JW,`0Y�[A*1½6½8{0W,T^XBV1*!Z7Y�_7`L[E»7T'[ û Z%`g_7`L[A`0YCV,Z7[A`�½�XBV1X û _7`AY��~Y/XBT^XBV1Y/X>V � û `H`fX)Y/c�Y/X6{�¾;T^XBV
� û `u

`AZhX©½>`@W1`0Y)_7V
	Õ{�½/`0ZhXBY)V1ZkX>`�½>ò'T^W,W,`AY�_7` q2 $Z� `0[AV�Z7* û YCT�|j`]½6¾CV,Y�_7¿ * ¿ X>`0Z7VB½�W]T¸¾;T^X©½/V,[A`H_7`
[A*Òò'T(½>V]T^Z7[0`�[A*1¾;|%W|zAX>`�_7`0Y � ÁY½>T'|7|8*1½/X>Y�_ó¿�`]¾ ¿ ½BT^Z7[E»7`�¾C`0ZhX>Yl|UT(½/XBV1`0W1Y $ �3* û Y�TNò!*!Z%Y û X>V,W1V,Y6{
[A`AX/XB`
¾;T^X©½/V,[0`�_7`m[A*Òò'T(½>V]T^Z7[0`m|8* û ½N`0Y�XBV|¾C`�½NWÀ¿ V,Z7[A`�½�XBV1X û _7`l_ û ½BT'|%|j*1½�XK_7¿ `�¾ ¿ ½BT'Z%[E»7`�¾C`0ZhX
X>*'XrT^W B(B0 → π−`+ν) �¦¾;T'V,Y3T û Y/Y>V=|j* û ½5`�	o`A[AX û `�½ û Z�W,V1Y>YBT(¼!`6_7`JW,T)M2*1½8¾;`q_ û M~T^[AXB` û ½
_%`qM2*1½8¾;`n`fX:_%`xW,T)[A*!Z7Y�XrT'ZhXB` |Vubf+(0)| `0ZgX>`0ZUT^ZkX5[0*%¾;|%X>`6_7`qX>* û X>`0Y3W,`0Y<V1Z7[0`]½/XBVbX û _%`0Y
Y�XrT^X>V,Y�XBV � û `AY�`AX3Y/c�Y�X©{�¾;T^X>V � û `0YQ�U`AX3_7`nW1` û ½/Y3[A*1½6½8{0W,T^XBV1*!Z7Y $+� Z%`6X>`0W1W,`.`AY/XBVB¾?TtXBV,*'ZH_7`6WÀ¿ V,Z+ó
[A`�½�XBV1X û _7`<Y/c�Y�X©{�¾;T^X>V � û `3_7`5W,T:M2*1½6¾C`<_ û Y>|8`0[AX6½>`3_7` q2 Z7¿�TÒò^T'VbXJ\>T%¾;T'V,Y³{fX©{p½6{0T'W,V1Y6{0`�_7T'Z7Y
WÙ¿OT^ZUT'W1c�Y/`._7¿ û Z7`6_�{0Y/V,ZhX©{]¼1½BTtXBV,*'ZL`�Ì9[0W û Y>V<ò!` B → Xu`ν

$Ï� Z%`.M2*!V,Y+X>* û Y�[A`0Yp½6{0Y û W1XBT^XBY�* ¿ ó
X>`0Z û YQ�=Z%* û YqTNò!*!Z7Y6M~T'VbX6_7`)Z7*1¾ ¿ ½/` û Ì�XB`0Y�XBYq|j* û ½nZ7* û YxT'Y/Y û ½/`�½6_7`CW]T?w�T ¿ V,W,VbX©{x_7`;Z%*!Y
½8{0Y û W1XBT^XBY $o¬ `0W � û ¿ V,Z%_7V � û {Pü?W]T;w7Z�_ ûØ� »UT'| $#" �8W,`AYg½6{AY û WbXrT^X>Y._7`�[A`0Y:X>`0Y�XBY.M û ½/`0ZhX.XB* û Y
|8*!Y/V1XBVbM2Y $«tûì� »7T'| $ Ë �NZ7* û Y)TNò'*!Z7Y�|�½8{0Y>`AZhX©{ û ZsT%½/X>V,[AW,`?| û ¿ W,VB{ ' �0/21 _7T'Z7Yk} � Ð Ú ùUÓ>Ï üé� Î�Ü�Øfö}ÖrØ
� Ú�� Ð ü Ï ç Í $Z� `AX;T%½�XBV,[AW,`H_.{0[�½/V1X û Z�W,*1¼'V,[0V1`0W�_7`\½>`A|j*!Z%_�{�½>T^XBV1*!Zs_7`0Y)M~T'[AX>` û ½/Y;_%`@M2*%½6¾C`
_%`0YK_�{AY>V1ZkX6{�¼1½>T^XBV1*!Z7YNY>`�¾CV,W1`0|%X>*!Z7V
� û `0Y=`AX û ZP¼1{0Z�{]½BT^X>` û ½e_7¿�{�ò1{AZ7`�¾C`0ZhXBY�Y/`�¾CV,W,`A|%XB*'Z7V � û `AY
� J Ý C Õ � V�
Z� û V7*!ZhXiXB* û YK_7` û ÌV\/* û { û Z�½ ¨ W,`lV|¾C|j*%½/XrT^ZkXN_UT'Z%YiW]Tg¾C`0Y û ½>`�|�½8{0Y/`0ZhX©{A`3_7T'Z7Y
[A`AX/XB`?X6»�z0Y/`|�K_7`w¾�­]¾;` � û `H_UT'Z%Y�_7¿�T û X©½/`0Y�T^ZUT'W1c�Y/`0YJ_%`HW]T � *!W,W,T ¿ *%½BT^X>V,*!Z GJIJGJILK $ #�`
|.½>V,Z%[0V,|8`�_7`)W]TS½/`0|8*!Z7_�{]½BT^X>V,*!Z�_7`AYqM~T'[fXB` û ½>Y6_7`)M2*1½6¾C`�`0Y�Xq|�½6{AY>`0ZhX6{?_UT'Z%Yq[A`;[E»7T'|7V1X6½>` $� `AW û Väó�[AV#Y>` ¿ T'Y/`6Y û ½<W,`V½>T^XBV1*�_7`0Y�XBT û Ì@_7`6_�{AY>V1ZkX6{�¼1½>T^XBV1*!Z@_7V
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T û XrT'ZhXKTÒò'*!V|½�ü:W,`AY³½>`]¼1{0Z.{�½>`]½KZ7V.ü:W,`AY�½>`AY>VB¾ û W,`]½c�t[0`N� û V9YBT û ò!`
{0Z%*1½6¾�{�¾C`0ZhXK_%`+XB`]¾;|7YN_7`
[0T'W,[ û W $ #y`<W1*1¼!V,[AV,`AW9_7`p½>`A|j*'Z7_�{�½>T^XBV1*!Z)_7`0Y�M~T'[fXB` û ½>Y�_7`<M2*1½6¾C`�`0Y�Xl[0T'|UT ¿ W,`<_7`c½>`A|j*!Z%_�{�½/`�½
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X>` û ½J_7`?M2*1½8¾;`C`AXc��{]ò'`0ZhX û `0W,W1`�¾C`0ZhXL�°½6{A_ û V|½/`?WÙ¿�V1Z7[0`]½/XBVbX û _%`;_7` |Vub|

$°¹ * û ½JW,`k¾C*1¾C`0ZhXL�
Z%*!Y�_7*!Z7Z.{0`0Y�|8`�½8¾;`fX>X>`0ZhX<_7`V½>`0\/`AX>`�½�W,`g¾;*�_�z0W1`:_7`V� û T%½;µkY@� À ²76nÁ ' å98�1 �%[A`�� û V#Z7¿ `0Y�X5|7T'Yû Z7`¢{0Z%*1½6¾C`JY û ½>|�½/V,Y/`�[0*1¾C|%X>`�ó�X>`0Z û _7`�W,T;Y/*!|�»7V1Y/XBV1[dT^X>V,*!ZgV,Z%M�{]½>V1` û ½/`x_7`J[0`�[0T'W,[ û W �Ýò!*!VB½À `0[ $j�!$��9$ Á[
 $ #�`0Y+[0T'W,[ û W,Y�_7` ��§ %åY û ½�½8{0Y/`dT û `fXm_7`V3 À.� #�W1`0Yl|7W û YZ½6{A[0`AZkX>Y�Y>*!ZhX+`0Z ¿ *!Z
T^[0[0*%½>_gTÒò'`0[qZ7*!Y<_7*!Z%Z�{0`AY $
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Ç<ÈÂÉ�Ê5�9$OQx( 3c{0Y û ¾w{q_7`AY5|�½/V,Z7[AV,|UT û Ì\½6{AY û WbXrT^X>Y<_7`x[A`AX/XB`6X©»�zAY>` $ #�`0Y3_7V
	Õ{�½/`0ZhXB`AYpò^T'W1` û ½/Y
_%` |Vub| Y/*!ZhX�_�{0|8`0Z%_UT'ZhXB`AYC_%`0Y�[0T'W,[ û W,YqX©»�{A*1½>V
� û `0Y�_7` f+(q2)

û XBV1W,V,Y8{0YQ�=`fX�|�½8{0Y>`AZhXB`0ZhXû Z7`Sò'T(½>V]TtXBV,*'Z{V|¾C|j*%½/XrT^ZkX>`|�N_7¿ û Za[0T'W,[ û Wcü�WÀ¿�T û X©½/` $ #yT ¿ T'Y/Y>`\ò^T'W,` û ½�_7` |Vub| _7*!Z7Z.{0`|7T%½5W1`h¾;*�_�z0W1`6_7`!� û T%½CµkY�� À ²76nÁCZ7`x_7*!VbX5[A`0|8`0Z7_7T'ZhX.|UT'Y�­AX6½>`q[0*!Z7Y/V,_�{]½6{A`J| û V1Y,� û `x[0`
[0T'W,[ û W=`0Y/XY½>`*\/`fX©{�`ÞÌ9|Õ{]½>V|¾C`0ZhXBT'W,`]¾;`AZkX5|UT%½5Z7*!Y._%*!Z7Z�{A`0Y $ #�`0YnT û X©½>`AYY½6{AY û WbXrT^X>Y:*!ZhX û Z7`
V1Z7[0`]½/X>V1X û _7`.X©»�{A*1½>V
� û `6Z�{�¼!W1V|¼!`0T ¿ W1` $

B(B0 → π−`+ν) � (1.46 ± 0.07stat ± 0.08syst) × 10−4

αBK � 0.52 ± 0.05stat ± 0.03syst

|Vubf+(0)| � (9.6 ± 0.3stat ± 0.2syst) × 10−4

� T'W,[ û WoX6»�{0*1½/V � û ` ��T'W,` û ½�_7` |Vub| Prob(χ2)¸g¹ % ��§ ' å*)21 (

4.1 ± 0.2stat ± 0.2syst
+0.6
−0.4FF

)

× 10−3 �hQ °º � « # ' -0/21 (

3.7 ± 0.2stat ± 0.2syst
+0.6
−0.4FF

)

× 10−3 Ë � °
ÃmT'W1W<ó�P�J<V1[?µhc ' å*521 (

3.6 ± 0.1stat ± 0.1syst
+0.6
−0.4FF

)

× 10−3 Ë � °
� À ²76nÁ ' å98�1 (

3.2 ± 0.1stat ± 0.1syst
+1.3
−0.6FF

)

× 10−3 &%$O&|� °

Ç<ÈÂÉ�Ê@�9$ ÿ
(_� *%¾;|UT(½BT'V1Y>*!Za_7`0YS¾C`0Y û ½>`AYS½6{0[A`0ZhXB`AYg_%` B(B0 → π−`+ν) `fXL_7` |Vub|
$

#�`AY�½8{0Y û W1XrTtXBY�_7`0Yl_7V
	Õ{�½/`0ZhXB`AY�¾C`0Y û ½>`AY+Y>*'ZkXl[0*%»�{�½/`0ZhXBYm`AZhX©½>`3` û Ì $ #yTQ¾C`0Y û ½>`5|�½6{AY>`AZkX6{0`
_7T'Z7YK[A`AX>X>`lX6»�z0Y/`�`0Y/XeW]T3|7W û YN|�½6{A[0V1Y>` $ #�`0Y�ò^T'W1` û ½/Ye_7` |Vub| V,Z%_7V � û {A`0Ye[A*1½6½/`0Y/|j*!Z%_7`0ZhX�T û Ì¾C*Dc!`AZ7Z7`0YZ¾C*!Z7_7V,T'W,`AY ' �0)21 $ #y`AYZò^T'W1` û ½/Y�`�Ì9[0W û Y>V<ò!`0Y�Y>*'ZkX�* ¿ XB`0Z û `AYmTNò!`A[5W1`�[dT'W1[ û WU_%` ��§ %
Y û ½V½6{AY>`0T û _7` ¸g¹ % ��§ ' å*)21 $ #=Tkò^T'W1` û ½5V,Z7[AW û Y/VBò'`�`0Y�X6* ¿ XB`AZ û `)TNò!`0[�W1`�[dT^W,[ û We_7`]#yT'Z.¼!`
Ófõ3Ï ç � ' å4�21 $ #�*1½>Y�� û `�W,`�Y/|j`A[AX6½>`�[0*%¾;|7W1`AX:_7` q2 `AY/X û X>V,W1V,Y6{h�jW,Tk¾C`0Y û ½>`�`�Ì9[AW û Y/VBò!`�_%` |Vub|T û Z7`S¾;`AV,W1W,` û ½>`C|�½6{A[0V,Y/V,*!Z­`�Ì9|Õ{]½>VB¾;`AZkXBT'W,` � û `LW]Tv¾C`0Y û ½>`HV1Z7[0W û Y>V<ò!` $æÀ *!Z�V1Z7[0`]½/X>V1X û _7`
X6»�{0*%½>V � û `6`AY/X<XB* û XB`AM2*'V,Y�Z7`fX>XB`]¾;`AZhX5Y û |¦{�½>V1` û ½/` $

B(B0 → π−`+ν) � 10−4 
 M2*1½8¾;` f̃+(q2) î BB
Y>|8`0[fX©½/`q[A*1¾C|7W,`fX q2 > 16 GeV 2 αBK ¾CV,W1W,V1*!Z7Y� `AX/XB`6X©»�zAY>` � ν ½>`A[0*Û½>`AW��'[E»�{A`u
 1.46 ± 0.07 ± 0.08 0.38 ± 0.04 ± 0.03 0.52 ± 0.05 ± 0.03 Á%Á Q

GJIJGJILK ' æS/0521 � ν ½>`A[0*CY>`]½6½6{A`u
 1.38 ± 0.10 ± 0.18 0.49 ± 0.05 ± 0.06 0.61 ± 0.09stat

ÿ!"� #�� ¿ ' æS/*8�1|� ν ½>`A[0*)Y>`]½6½6{A`u
 1.33 ± 0.18 ± 0.13 0.25 ± 0.09 ± 0.05
( S%$OQ

GJIJGJILK ' æS/0)21��¯{fXBV
� $sÀ #&�V»7T'_Q
 1.33 ± 0.17 ± 0.11 0.46 ± 0.10 ± 0.06
( Á " Á

Ã+`AW,W,`�' æ�æS/21 �¯{AX>V � $ÏÀ #&
 1.38 ± 0.19 ± 0.14 0.36 ± 0.10 ± 0.04
( Á Q|�

|Vub| `�Ì9[AW û Y/V1M � q2 > 16 GeV 2 
 (3.97 ± 0.25exp ± 0.59theo) × 10−3

|Vub| `�Ì9[AW û Y/V1M �2Y>|8`0[fX©½>`6[A*1¾;|%W,`AX 
 (3.89 ± 0.12exp ± 0.84theo) × 10−3

|Vub| V,Z%[0W û Y>V1M (4.52 ± 0.19exp ± 0.27theo) × 10−3
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�����UÊD�9$O"3(TÀ |j`A[AX6½>`m_7`AYæ½BT'|%|j*1½�XBYN_7¿�`]¾ ¿ ½>T'Z7[E»7`]¾;`AZkX�|7T%½/X>V,`0W1Y ∆B(q2) _UT'Z%YKW,`AY � Á5V1ZkX>`�½�óò^T'W1W,`AY�_7` q2 $ #�`0Y3|7W û Y3|8`AXBVbXB`AY ¿ T(½6½>`AY5_ó¿�V1Z7[0`]½/XBVbX û _%`xY/*!ZhX:Y/` û W1`�¾C`0ZhX:Y�XrT^X>V,Y�XBV � û `AY:T^W,*1½/Y
� û `3W,`AY�|7W û YZ¼1½>T'Z7_7`AY ¿ T%½6½/`0Y�V,Z7[AW û `AZkXlT û Y>Y>V8W,`AY�V,Z7[A`�½/X>V1X û _7`0Y�Y�c9Y�X©{]¾?T^X>V � û `AY $ #=T6[0* û ½ ¿ `
|%W,`0V1Z7`:Z%*!V|½/`g¾C*!ZhX©½>`5W,`t½6{0Y û W1XBT^Xm_ó¿ û ZLW1V,Y/YBT%¼!`5_7`0Y+_7*!Z7Z�{A`0Y<TNò!`A[nW]TJ|7T%½BT%¾�{AX6½>V1YBT^X>V,*!ZC_ û
M~T^[AXB` û ½n_7`�M2*1½8¾;`�_%`§Ã+`0[AV|½>`�ò�V,[�ó�Ä6T'V,_UT^W,*Òò ' -��21 $ #�`AYn_7*!Z7Z�{A`0YqY>*!ZhXqT û Y>Y>Vi[A*1¾C|UT%½6{A`0YqT û Ì
[0T'W,[ û W,Yq_7` ��§ %ÇY û ½¢½8{0Y/`dT û�¸t¹ % ��§ ' å*)21 `AX º � « # ' -0/21 �=_7`AY 3cz�¼!W1`0YJ_%` À *1¾�¾C`CY û ½�W1`�-¨ Z7`6_7`�# û ¾;VBz�½>` ' å*521 ��3 À�� #&
+`AX3_ û ¾;*�_�z0W1`._7` � û T%½Cµ�YO� À ²76nÁ ' å98�1 $
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∆B(B0 → π−`+ν, q2)

�3* û YxTÒò'*!Z7YT¾;`AY û ½8{?W,`Û½>T'|7|8*1½/Xq_7¿ `�¾ ¿ ½BT'Z7[E»%`�¾C`0ZhX B(B0 → π−`+ν) `AXxW]TLM2*1½6¾C`
_ û Y>|8`0[fX©½/`­_7`AYv½BT^|7|j*%½/XBY-_7¿ `�¾ ¿ ½BT'Z7[E»%`�¾C`0ZhX�|UT(½/XBV1`0W1Y ∆B(q2) _7`
W]Ts_�{AY>V,ZhX6{�¼1½>T^XBV1*!Z
B0 → π−`+ν �lV,Z7_.{0|8`0Z7_UT(¾w¾C`0ZhXH_%`vXB* û XB`a»kc�|8*'X©».z0Y>`�X6»�{0*1½/V � û `�Y û ½HW1`gM~T'[fXB` û ½?_7`
M2*%½6¾C` f+(q2)

$æ§ `L|%W û YQ�KZ7* û Y)TNò'*!Z7Y)| û ¿ W1V|{HW,T¸¾?TtX©½>V1[0`;_7`L[0*Òò^T%½>V,T'Z7[A`L[0*1¾C|7W|zfXB`H_%`0Y
½>T'|7|8*1½/X>Y6_7¿�`]¾ ¿ ½>T'Z7[E»7`]¾;`AZkXx|UT%½�XBV1`0W,Y ∆B(q2) ¾C`0Y û ½6{AYx_7T'Z7Y6W,`AY � Á@V1ZkX>`�½>ò'T^W,W,`AY._7` q2 $
� `AY�|�½>*'|�½>VB{AX©{AYm_7`.Z%*'X©½/`Y¾;`AY û ½/`V½>`AZ7_7`0ZhX<|8*!Y>Y/V ¿ W1`:Y>T¢½6{0V1ZhXB`�½/|�½6{fXrT^X>V,*!ZMüTò!*!W1*!ZhX©{._7T'Z7Y
W1`.M û X û ½ � �U`AZ-X>`�½6¾C`0Y<_7` |Vub| * û _ û M~T'[fXB` û ½3_%`6M2*%½6¾C` f+(q2)

$
¿ ½c�%Z7* û Y3TNò!*!Z%Y5_7¿ `�Ì9[A`0W,W1`0ZhXB`AYt½>T'V,Y/*!Z7Y�_7`6[]½>*!VB½>`7� û `h��X ¨ X<* û XrT(½>_6�7W1`0Y�VB¾;|8*1½/XBT'ZhXB`AY

V1Z7[0`]½/X>V1X û _7`0Y:X6»�{0*%½>V � û `AY6T'[AX û `0W1W,`AY._7`0Y6[0T'W,[ û W,Y5_7` f+(q2) Y>`�½/*!ZhX6Y>VB¼!Z7V1w7[dT^X>VBò!`]¾;`AZhXY½6{¡ó
_ û V1X>`0Y $ #�*1½/Y,� û `6[0`AW]T)T%½8½>VBò'`�½>T,�UZ7*'X6½>`V¾C`0Y û ½>`6_ û Y>|8`0[AX6½>` ∆B(q2) |8* û ½6½>T�­AX©½/`h½6{0V1ZhXB`�½�ó
|.½6{AX6{0`�Y>T'Z7YK[A*1¾;|%W,V,[0T^XBV1*!Z6�D`fXi|j`]½6¾C`AX/X©½BT:T'V,Z7Y/V û Z7`�T%¾�{0W1V,*1½>T^XBV1*!ZqT û XB*%¾?T^X>V � û `�_7` |Vub|

$
�iZ�½BT'V1Y>*!Z�_%`3Y>Tq|.½6{0[AV,Y/V,*!Z�`ÞÌ%|¦{�½/V|¾C`0ZhXrT^W,`�Y û |Õ{]½>V,` û ½>`h�hW]TY¾C`0Y û ½>`<`�Ì9[AW û Y/VBò!`3_7`�ò9V1`0Z7_.½BT'VbX
T^W,*1½/Ym|�½>* ¿ T ¿ W1`�¾C`0ZhX<W]T�¾;T'Z7V|z]½>`.|.½>VBò�V1W,V|¼'V|{0`3_7`6_�{fXB`�½8¾;V1Z7`�½ |Vub|

$
#�`0YJV,Z7[A`�½/X>V1X û _7`0Yx`�Ì9|¦{�½>VB¾;`AZhXrT'W1`0YJ_%`HW]T�½>`0[A*!Z7Y�X©½ û [AXBV1*!ZÆ½/`0W��^[E»�{0`H_ û Z7` û X©½>V1Z7*�_7`¡ó

ò'½>T'V,`AZkX�T û Y>Y/VU_7V|¾CV,Z û `]½e_UT'Z%Y�W1`+M û X û ½c�hTNò'`0[<WÀ¿�T%¼1½>T'Z7_7V1Y>Y>`]¾;`AZhXi_7`0Y�{A[E»UT'ZhXBV1W,W,*'Z7YK_7`�_7*'Z+ó
Z.{0`0Ye_7`NGJIJGJILK�`AX»Ã+`0W1W,` � $ �iZ�`�	o`fXL�tW,`�|7W û Y°¼1½>T'Z7_xZ7*1¾ ¿ ½/`+_7¿ {]ò%{0Z7`]¾;`AZhXBY Υ (4S) → BB

½8{0_ û V|½BTnWÙ¿�V1Z7[0`]½/XBVbX û _%`�Y/XrTtXBV,Y�XBV
� û `|�!`fXl|8`�½8¾;`fX>X6½BTn`0Z;|7W û Yi_%`t½8{0_ û VB½>`�WÙ¿�V1Z7[0`]½/XBVbX û _%`�Y/c�Y/X6{�ó
¾;T^X>V � û `.`AZ û X>V,W1V,YBT^ZkX û Z@|7W û Yc¼1½>T'Z7_@Z7*1¾ ¿ ½>`n_7`6|UT(½BT%¾�zAX6½>`0Y�_%`qW1V,Y/YBT%¼!`:|j* û ½p¾C`0Y û ½>`]½
W1`0Y ¿ ½ û V1X>Yn_7`�M2*!Z7_ $ #�`C|%W û YV¼1½>T'Z7_�Z7*1¾ ¿ ½>`�_7¿ {]ò%{0Z7`]¾;`AZhXBYQ»7*1½>Y�ó@½8{0Y>*'ZUT'Z7[A`;|8`�½8¾;`fX>X©½>T
T û Y>Y/VU_7`c½6{0_ û V|½/`�WÀ¿ V,Z7[A`�½/X>V1X û _7`mY�c9Y�X©{]¾?T^X>V � û `�_7`<W,TY¾;*�_�{0W1V,Y>T^XBV1*!ZJ_ û [A*!ZhXBV,Z û�û ¾ $ �iZ%w7Z6�
WÙ¿OT(¾w{AW,V,*%½BT^X>V,*!Z;_7`JW,TCY/V|¾ û W,T^XBV1*!Z@|j`]½6¾C`AX/X©½BT)_7`T½6{0_ û V|½/`xWÙ¿�V1Z7[0`]½/XBVbX û _%`qY�c�Y/X©{]¾?TtXBV � û `x_7`
WÙ¿�`fëC[dT'[AV1X©{n_ û _�{fXB`A[AXB` û ½ $¹ T%½�T'V1W,W,` û ½>YQ�hV,W�`0Y�X�V,ZhX6{�½>`AY>Y>T'ZhX�_7`:Z%*'XB`]½ � û `.W1`0Y-¾C`0Y û ½>`AYm_7` ∆B(B0 → π−`+ν, q2)

Y/`�½/*!ZhX�|�½>* ¿ T ¿ W,`]¾;`AZhXKX©½8z0Yi_7Vbë;[AV,W1`0Y³ü6T'[A[0*1¾C|7W1V|½=_UT'Z7YiWÙ¿�`AZ¬ò�VB½>*!Z7Z%`�¾C`0ZhXæ»UT'_.½>*!Z7V
� û `�_ û
# ¸g� �1ü.[dT û Y>`�_7`+W]T5|.½6{0Y/`0Z7[A`<_ û Z7` û X©½>V1Z7*n`AXK_7`mW]T3Y û ½>T ¿ *!Z7_UT'Z%[0`�_ û ¿ ½ û V1Xe_7`mM2*!Z7_ $ #yT
�>ñkì>�éú7î¨õD¿ îÞúqñ.ñqì=ôt¡Àí¼õK°�´�µo°éö�°3 HîÞú.ö¼ô��Æìbð�¡Àì=ïPú¡±/¡Ùì< y÷�úäí<ðÆîf¡�ò9ü��óî�ñ.ñóõ�î��@í<ô���î·¡ÙöÙúR�éñqìbð�ô�£�ñqú�°©� ç}°¯�wõ�î��ÆíÀ!ÁLÂUÃ]ÄÆÅ.ÃdÇ
ÈEÉ�ÉwÈ ¹ Ã6Ê �t�é÷iïPï�ì ��÷iôÆí7ñ�¿ îB³i÷��Æí7íÙ÷�ô�ñqú.û���°»ð�¡u°/�.°;õ�ì=ïPïPì9�Eö;ü°EËºìCíóïPìCíÙô�¡ÀìCíkð�¡�°;í½ì��EöÙì=ïPì��iö7ð�ô�£Æñ.ú�°=ì;íóíÙ÷��Eöo£Æî�í�°=ì;íkíÙô�¡7ì9�d³(ú�¡À÷��¬þ_ÌMÌ�  £

−1
ð5÷�ô�¡	²D³�²D³_´2ì=ö\þfð_Ìi  £

−1ð@÷iô�¡��óì=ñqñ.ìiü�Ë!¿ °/� ëÆî��EöÙúqñ.ñq÷��3²��ÆîÞñ9�é÷�ïl£�ú¿��°[õ�ì&²D³�²D³_´¨ì=ö��óì=ñqñ.ì[õ�ì/³0¡ îÞú.ö	Íéö}¡Ùì[õD¿ ì9�d³(ú�¡À÷��¦þ�î·£
−1
ü



¾�{0[A*!Z7ZUT^V,Y>Y>T'Z7[A`�_7`�W]T.[A*1¾;|8*!Y>T'ZhXB`�W,*'Z�¼!V1X û _7V1ZUT'W,`�_7`�WÙ¿�VB¾;| û W,Y/V,*!ZQ¾?T^Z"� û T'ZhXB`�c¢½/`0Z7_.½BT
W,TV½>`0[A*!Z7Y�X©½ û [AXBV1*!Z?_ û Z7` û X©½/V,Z7*qV|¾C|�½8{0[0V1Y>`<T'W1*1½>Y�� û `5W]TV»UT û XB`c¾ û WbXBV,|%W,V,[AV1X6{l_7`AY+|�½/*9_ û V1X>Y
_%`0Y<[0*!W1W,V1Y>V,*'Z7Y+|�½/*'XB*'Z+ó�|�½/*'XB*'Z@cM½>`0Z%_�½BT)W]T¢¾�{AX6»7*9_%`n_7`0Yp{AX>V � û `AX/XB`AY3V1Z û XBV1W,V,Y>T ¿ W1` $

�iZLY û |7|j*'YBT'ZhXN� û `:W]T ��§ %�Y û ½-½8{0Y/`dT û T^X/XB`AV,Z7_�½>TT{�ò!`0ZhX û `0W1W,`�¾C`0ZhX û Z7`g¼1½>T'Z7_7`5|�½6{¡ó
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5ròcùDófòcúf: ì n
ý à òQó0n�7fù Ù ��: à�ÜMÝhØ ò$n�éPòOð|é&ú7ðhóUð ë ã}ùDó07Pã ì éUðs5 î�ì òcé¶7Pò ë ã}ù�éPó�7�n ë óUòQú{ò8o|òcùDóUé�ã �
�]ù,ñ�óUñ�ð ì�N ó�ðhófò à ðhú�ñ�ðhófñ�ã}ù e+e− → φ(K0
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K0
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)γ ð|ù,ú D∗+ → D0π+ ¢@ñÆó 2 D0 → K0
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π+π−

î 7fã
ú�n ë ófñ�ã}ù+ñ�ù+ó 2 ò ë ã}ùDófñ�ù6n�n�5 e+e−
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éPóUò85Ù ��: à�ÜMÝ�ô$2 ò K0
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πK∗ − πD0 o}ò87PóUò_ý + óOñ�é@ð ëQë ò î óUòQú ã}ù ì í�ñ � ñÆóUé + ó î 7Pã�R7ð�R,ñ ì ñÆó]írñ�é$=�7PòLðhófò<7=ó 2 ðhù ö�Ý�Û�x�Ý
;$ó=ó 2 ñ�é=éEó�ð�=}òs��ù�ã 2 í î ã|ó 2 òcéPñ�é@ñ�éIú�ã}ù�òWófãròQéPófñS5�ðhóUòWñ � ó 2 ò î 7fã ë òcéPé@ñ�ù	o}ã ì o}òQé�ð D0 →

K∗−π+ ú�ò ë ðLí�ã�7�ñ�ófé ël2 ðs7�=}ò ë ã}ù´�Qn�=Dðhófò Ý�ô$2 òsó�¢Iã ël2 ð�7�=}òQú î ñ�ã}ù�é�7fò ë ã}ù,éPó07Qn ë ófòcú4ð�7Pòë ã}ù�éPñ�ú�ò87fòcú�óUãBRbòMR�ã|ó 2{ë ã�5�ñ�ù�= � 7fã�5�ó 2 ò D0 ú�ò ë ðLí��,ñ�=}ù�ã�7Pñ�ù�=~ó 2 ò î 7fòcéPòcù ë ò~ã � ð K∗ 7fò p
éPã}ù7ð|ùDódéPó�ð�óUò Ýhô ã � n ì�ì í�7fò ë ã}ù�éEó07Qn ë ó8ó 2 ò D0 ñ�óSñ�éjù�ò ë òcéPéUð�7Eí'óUãZ=}òQóSó 2 ò K0

L
Þ p 5rã�5ròcùDó0n�5 Ý

K0
L

ë ð|ù�ú�ñ�ú7ðhóUòQé�ð�7Pò{ó�ð o òcù � 7fã�5��L���Z���L�������������Z�����L�L����� � ã�7 ëb*»� ðhù�ú������L�L������������ ã�7^��: à ëcì n�éPófò<7fé Ý$ô$2 ò K0
L

ë ð|ù�ú�ñ�ú7ðhófò�ú�ñS7Pò ë óUñ�ã|ù ë ðhù R�ò ë ã�5 î n,óUòQú ë ã}ù,éfñ�ú,ò<7fñ�ù�=nó 2 ò
πD0 −πK∗ o}ò87PófòMý{ð|ù�úró 2 ò ëb*»� Ù ��: à�Ü8ëcì n�éPófò<7 î ã|éfñ�ófñ�ã}ù Ý	� ã�5'R,ñ�ù�ñ�ù�=~ó 2 ñ�é�ñ�ù � ã�7Q5{ðhófñ�ã}ù
¢@ñÆó 2 ó 2 ò 2 í î ã|ó 2 òcéPñ�é�ã � ð D0 ã�7fñ�=}ñ�ù�� K0

L
Þ p 5�ã�5�òQùló�n�5 ë ð|ùaRbò ë ð ì�ë n ì ðhófòcú Ý �]ù � ð ë ó<�!ñ �

¢�ò ë ã}ù�éPñ�ú�ò87$ó 2 ð�ó

(pµpµ)D0 = m2
D0 = (EK0

L
+ Eπ−π)2 − (pKL

+ pπ−π)2

¢�ò + ù�ú�ó 2 ðhó

p2

KL
+ 2pKL

· pπ−π +m2
D0 −m2

π−π − E2
K0

L
− 2EK0

L
· Eπ−π = 0

� ã}ù,éfñ�ú,ò<7fñ�ù�=só 2 ðhó EKL
=
√

p2
KL

+m2
KL
�jñÆó ë ð|ù ò8o|òcùDó0n7ð ì�ì íêRbòrú�ò<7Pñ�o}òQúyð�éfò ë ã}ù�ú

ú,ò<=�7Pòcòpò<µ6n7ðhófñ�ã}ù���¢ 2 ã}éfòpéPã ì n,ófñ�ã}ù,é

pKL± =
−b±

√
b2 − 4a · c
2a



æ�Û �
2 ð·o|ò î ðs7Uð�5ròQófò<7fé

a = 4[(pπ−π · ûKL
)2 − E2

π−π],

b = 4 · (pπ−π · ûKL
)(m2

D0 −m2
π−π −m2

KL
),

c = m4
D0 +m4

π−π +m4
KL

− 2m2
π−π(m2

D0 −m2
KL

) − 2m2
D0 ·m2

KL
− 4E2

π−π ·m2
KL

¢ 2 ò87fò ûKL
ñ�é�ó 2 òOú�ñS7Pò ë óUñ�ã|ù�ã � K0

L
ð|é ë ã�5 î n,ófòcú ë ã}ù�éPñ�ú�ò87fñ�ù�=[ó 2 ò πD∗ −πK∗ o}ò87PóUò_ý

ðhù�ú ëb*»��ëcì n,éPóUò87 î ã}éPñ�óUñ�ã}ù ÝbØ ò�ó�ð o òró 2 ò 2 ñS= 2 ò<7péfã ì n,ófñ�ã}ù�ó 2 ðhópñ�é ëcì ã}éfò87~óUãsó 2 ò�ó07Qn�ò
ohð ì n�ò+ã}ù ð·o|ò<7Uðs=}ò Ù éfòQò�; î,î6Ý � ÝÆÛ}Û�Ü_Ý �]ùé:dñ�= Ý � ÝÆÛ ó 2 ònú�ñ�éPó�7fñSR�n,óUñ�ã}ù#ã � K0

L

ë ã�5 î n,ófòcú
5rã�5ròcùDó0n�5 ñ�é=é 2 ãj¢@ù � ã�7 *a� ò8o|òcùDóUé Ý

momentum (GeV/c)
0.5 1 1.5 2 2.5 3 3.5 4 4.50

10000

20000

30000

40000

50000

60000

70000

80000

���q��� � Ý�Û z K0
L

ë ã�5 î n,óUòQú"5rã�5ròcùDó0n�5 ú�ñ�éPó07PñSR�n�óUñ�ã|ù � ã�7=éfñ�=}ù7ð ì D0 → K0
L
π+π− ò�o}òcùDófé

N n�R�éfò8µ@n,òcùDó ì í��jð + ópñ�é î ò87 � ã�7Q5�òQú�óUãzó 2 ò D0 ë ð|ù�ú,ñ�ú7ðhófò'¢@ñ�ó 2 ð ë ã}ù�éEó07fð|ñ�ù�òQúê5{ð|éPé+ ó Ý�ô$2 ò=ð ì =}ã�7fñÆó 2 5�n�éfòQú � ã�7�ó 2 ò + ó8ñ�é�«�gl�l�l�F}~�K����g6óUã
ã Ý�ô ãZ7fò ë ã}ù�éEó07�n ë ó8ó 2 ò D∗ ë ð|ù�ú,ñ�ú7ðhófò
ðºi��SeDÖ î ñ�ã}ùzñ�é ë ã}ù�éPñ�ú�ò87fòcú Ý�ô$2 ò πslow

ë ð|ù�ú�ñ�ú7ðhófòcé@ð�7PòWó�ð o òcù � 7fã�5�ó 2 ò�};~��T�Z�;~����L� ì ñ�éPó Ýô$2 òQíº5'n�éPóIù�ã|óIã´o|ò<7 ì ð î ¢@ñ�ó 2 ó 2 ò π± ë ðhù�ú�ñ�ú�ðhóUòQéIéfò ì ò ë óUòQú � ã�7�ó 2 ò D0 7fò ë ã}ù,éPó07Qn ë ófñ�ã}ù��
ðhù�ú"5Bn�éPó@éfðhóUñ�é � í�ó 2 ò � ã ì�ì ã´¢@ñ�ù�=B7Pò<µ6n�ñ�7fò<5ròcùDófé �

z πslow 5rã�5�òQùDó0n�5 �
0.05 < pπs

< 0.65 GeV/c tz ú�ñ�éEó�ð|ù ë òpã �dëQì ã}éPòcéEó�ð î�î 7fã}ð ël2 ófã z p ð�ý�ñ�é � |docaz| < 0.2 cm t



æ�Û �
z ú�ñ�éEó�ð|ù ë òpã �dëQì ã}éPòcéEó�ð î�î 7fã}ð ël2 ófã xy p;î�ì ðhù�ò � docaR < 3 cm t
z ù@n�5'R�ò87@ã �Ý2 ñ�óUé=ã|ù N s ô ≥ � t
z ù@n�5'R�ò87@ã �Ý2 ñ�óUé=ã|ù W���
 ≥ Û|Û tU ù ë ò1ó 2 ò πslow ñ�éWéfò ì ò ë óUòQú��5ó 2 ò D∗ ë ðhù�ú�ñ�ú�ðhóUò[ñ�é�7Pò ë ã|ù�éPó�7�n ë óUòcú���ð|ù�ú+ð + óWñ�é î ò<7 p� ã�7�5ròcúX¢@ñ�ó 2 ð{RbòLð�5ré î ã|ó ë ã}ù�éPó�7Uð|ñ�ùDó·��n�éPñ�ù�= TreeF itter Ýô ã�ñS5 î 7fãjo}ò�ó 2 ò�éUðs5 î�ì ò î n�7Pñ�ó]í��$éfã�5rò�éfò ì ò ë óUñ�ã}ù�ésð�7Pò î ò87 � ã�7Q5�òQú#óUã¹7fòQú�n ë ò ó 2 ò

D∗ 5'n ì óUñ î,ì ñ ë ñ�ó]í î ò<7'ò�o}òQùló Ý8ô$2 ò����li�� K0
L
ñ�é ël2 ã}éfòQù�� ë ã�7�7Pòcé î ã}ù�ú,ñ�ù�=�óUã ó 2 ò{ã}ù,òf¢@ñÆó 2

ó 2 ò 2 ñS= 2 òQéPó ë ð ì ñSR�7fðhóUòQúsòcù�ò87�=|í î ò87 ëQì n�éEóUò87 Ý ápñ!o}òQù ó 2 ñ�é K0
L

ë ð|ù,ú�ñ�ú7ð�óUò��7ó 2 ò.���li�� K∗ ñ�é
éPò ì ò ë ófòcú ë ã}ù,éfñ�ú,ò<7fñ�ù�=�ó 2 ò�ã}ù�òB¢@ñÆó 2 ó 2 ò�ñ�ù	o|ðs7fñ�ðhùlóZ5{ðhéfé ëQì ã}éPòcéPó~ófãzó 2 ò�ù�ã�5�ñ�ù7ð ì[-bW á
ã|ù�ò Ý

; ì�ì ó 2 ò � ã ì�ì ãj¢@ñ�ù�= ë n,ófé�ð|ù�ú�éPò ì ò ë ófñ�ã}ù�é 2 ðjo|ò£R�òQòcù�ã î ófñS5rñS�còQúB5�ð�ý�ñS5rñS�Qñ�ù�=OéPóUðhóUñ�éPóUñ ë ð ì
éPñS=}ù,ñ +7ë ð|ù ë ò Ý ; ë n�ó~ã}ù D0 5�ã�5�òQùló�n�59ñ�ù �$* � 7Uð�5rò�¢$ð|é î ò87 � ã�7Q5�òQú Ý ßIò ë ð�n�éfò'ã � ñ�ófé
Rbã
ã}éPó<��ð D∗ =|òcù�ò87Uðhófòcú�ñ�ù ð cc ò�o}òcùDó~ñ�é@òMý î ò ë ófòcú�óUã 2 ð·o}ò'ð 2 ñ�= 2 ò<7M5rã�5�òQùDó0n�5 ¢@ñÆó 2
7Pòcé î ò ë óWófã�ã}ù�ò ë ã�5rñ�ù�= � 7fã�5 ð B ú�ò ë ðKí Ù éPòcò�:dñ�=f� Ý A Ü_Ý�ô$2 ò�ã î óUñ�5�ñ��Lðhófñ�ã}ùXR�7fã�n�= 2 ó�óUã
ó 2 ò ë n,ó p∗D0 > 2.45 GeV/c

Ý

�7�q��� � Ý A z D0 5rã�5�òQùDó0n�5Bñ�ù �$*Ï� 7Uðs5�ò Ù(* ã|ùlófò � ð�7 ì ã Ü tlú�ãhóUé$ðs7fò�éPñS=}ù�ð ì �léfã ì ñ�ú 2 ñ�éPóUã p=�7Uð�5 ñ�é$R7ð ë_o =�7Pã�n�ù�ú
:Cn�7Eó 2 ò87réPò ì ò ë ófñ�ã}ù�ñ�é î ò<7 � ã�7�5ròcú ë ã}ù�éfñ�ú�ò<7Pñ�ù�=�ó 2 ò K∗ 2 ò ì ñ ë ñ�ó]íyð|ù�= ì ò Ý K∗ 2 ò ì ñ ë ñ�ó]í

ðhù�= ì ò{ñ�é�ú�ò + ù�òcú�óUãêRbòsð|é1ó 2 ò�ðhù�= ì ò^R�òMó�¢IòQòcù K0
L
ú�ñ�7fò ë óUñ�ã}ù�ð|ù�ú�ó 2 ò î ñ�ã}ù Ù ú�ñS7Pò ë ó ì í



æ�Û�è

ã�7fñS=|ñ�ù7ðhófòcú � 7Pã�5 ó 2 ò D0 ú�ò ë ðLí Ü ã|ù�ò��7ñ�ù K∗ 7PòcéPó � 7fð�5rò ÝCN ñ�ù ë ò K∗ ñ�é@ðBo}ò ë óUã�7 î ðs7PóUñ ëcì ò
ú,ò ë ðLí
ñ�ù�={ñ�ùDófãré ë ð ì ð�7@éPóUðhóUòQé<�!ó 2 òpé î ðhóUñ�ð ì ú�ñ�éEó07PñSR�n,ófñ�ã}ùzã � ñ�ófé@ú�ò ë ðKí î 7Pã�ú�n ë ófé�ñ�éOò_ý î ò ë�p
ófòcú+óUã 2 ð·o}ò cos θ2

helicity é 2 ð î ò Ý[U ù+ó 2 ò�ã|ó 2 ò<7 2 ð|ù,ú��¨R7ð ë_o =�7Pã�n�ù�ú�ñ�épú�ñ�éEó07PñSR�n,ófòcú ð|éoð
ú,ò ë 7PòLð|éPñ�ù�= � n�ù ë óUñ�ã}ù�ã � cos θhelicity

ÝSô$2 òsò8o
ñ�ú�òQù ë òsã � ð�ú�ñrn5ò87fòQùló�éPñS=}ù�ð ì~� R�ð ë_o =�7fã�n,ù�ú
Rbò 2 ðjo
ñ�ã�n�7 ë ð|ù»Rbò'ã�R,éfò<7 o}òQú�ñ�ù»:SñS= Ý � Ý¡æ7Ù ð Ü_Ý!ô$2 ò ë n�óWã}ù ó 2 ñ�é£ohð�7fñ�ð�R ì òoñ�é ël2 ã}éfòQù�óUã�Rbò
cos θhelicity > 0.55

Ýlô$2 ò K∗ 5{ðhéfé î,ì ã|ó�ñ�é�é 2 ãj¢@ùsñ�ù^:dñS= Ý � Ý¡æ7Ù R Ü tDó 2 ò ë n,ó=ã�R,ó�ð|ñ�ù�òcú � 7fã�5
ó 2 òpã î ófñS5rñS�Lð�óUñ�ã|ù{ñ�é 0.81 < mK∗ < 0.97 GeV/c2

Ý

�r ¢¡ �r£�¡
�7�q��� � Ý¡æ z ë o|òcùDóoéfò ì ò ë óUñ�ã|ù ��ë ã}éfñ�ù�ò1ã � ó 2 ò K∗ 2 ò ì ñ ë ñ�ó]í�ð|ù�= ì ò Ù ð Ü � K∗ 5�ð|éPé Ù R Ü t5ú�ã|óféðs7fò~éfñ�=}ù7ð ì �¡éPã ì ñ�ú 2 ñ�éPóUã�=�7Uð�5 ñ�é$R7ð ë_o =�7fã�n�ù,ú

�]ù ô ðsR Ý � Ý A Ý�Û ó 2 ò�éQn�5º5�ð�7Eí�ã � ó 2 ò�5�ð|ñ�ù�éPò ì ò ë ófñ�ã}ù,é � ã�7Wó 2 ñ�épéUð�5 î�ì ò'ñ�é>7fò î ã�7PóUòQú¤t
ó 2 ò�ó 2 ñ�7fú ë ã ì ã�n�5�ù&µ6n�ã|ófòcépó 2 ò�7Pò ì ð�óUñ�o|ò1ò Órë ñ�òcù ë í+ã � ó 2 ò ë n,ó·�6ó 2 ðhópñ�éWó 2 ò�ù6n�5'Rbò<7~ã �
éPñS=}ù�ð ì ò8o|òcùDóUé�é�n�7 o
ñ�o
ñ�ù�=�ó 2 ò ë n,óOú�ñ!o�ñ�ú�òcú1RDí�ó 2 òpù@n�5'R�ò87@ã � ò�o}òQùlóféZRbò � ã�7Pò~ó 2 ðhó ë n,ó Ý

N ò ì ò ë ófñ�ã}ù s�ð ì n�ò � n,óOò Órë ñ�òcù ë í
K∗ 5�ð|éfé 0.81 < mK∗ < 0.97 GeV/c2

r A xë ã|éfñ�ù,òoã � K∗ 2 ò ì ñ ë ñ�ó]í{ð|ù�= ì ò cos θhel > 0.55
æDè�x

D0 5�ã�5�òQùló�n�5 ñ�ù �$* � 7fð�5�ò p∗D0 > 2.45 GeV/c
ç Þ x¥7¦,§f� � ÝÆÛ z N n�5f5�ð�7Pí�ã � D∗ ò�o}òQùlófé�éPò ì ò ë ófñ�ã}ù



æ�Ûjr

� Ý A Ý A N ñS=}ù�ð ì 7fò ë ã}ù,éPó07Qn ë ófñ�ã}ù,n�éPñ�ù�= ∆m = mD∗ −mD0

ô$2 òséPñS=}ù7ð ì¾� 7Uð ë óUñ�ã}ùyñ�ùyó 2 òzú7ð�ó�ð�éUðs5 î�ì ò{ñ�é1òMý
ó07fð ë ófòcú � 7fã�5 ð + ó1ófã ∆m �[¢ 2 ñ ël2
ñ�é[ó 2 ò�ú�ñrn5ò87fòcù ë òzñ�ù�5{ð|éPéBRbòQó�¢�òcòQù�ó 2 ò�7fò ë ã}ù,éPó07Qn ë ófòcú D∗ ð|ù�ú D0 Ýdô$2 ñ�éBohð�7fñ�ð�R ì òrñ�éî ð�7Uð�5ròQó�7fñ��còcúf¢@ñ�ó 2 ð'ú�ã�n�R ì òWáoð�n,éféfñ�ð|ù Ù ñ Ý ò Ý ó 2 ò ì ñ�ù,òLð�7 ë ã�5'R�ñ�ù�ð|ùDóUñ�ã|ù{ã � ó�¢�ã{=Dð�n,éféfñ�ð|ù
ú,ñ�éPó�7fñ�R�n,óUñ�ã}ù�é Ü£� ã�7WéPñS=}ù�ð ì ð|ù,ú+ðzó 2 7fòQé 2 ã ì ú � n�ù ë óUñ�ã}ù � ã�7�R7ð ë_o =�7fã�n�ù,ú Ý	ô$2 ò1ó�¢�ã�ápð�n�é p
éPñ�ð|ù,éºn�éPòcú ófã î ð�7fð�5ròQó07PñS�Qò�éPñS=}ù�ð ì£2 ð·o}òaRbòcòQù ë ã|ù�éPó�7Uð|ñ�ù�òcú ófã 2 ð·o|ò ó 2 ò�éUðs5�ò,5�òcð|ù
ohð ì n�ò���R�n,ó�ú�ñ¨n�ò<7PòcùDó�¢@ñ�ú,ó 26Ýbô$2 ò87fò � ã�7fòB¢�ò1ú�ò + ù�ò1ó 2 ò'ù7ð�7Q7fãj¢ áoðsn�éféPñ�ð|ù�ó 2 ò1ã|ù�òE¢@ñÆó 2
ó 2 ò éQ5{ð ì�ì ò87 σ ð|ù,úx¢@ñ�ú,ò�ápð�n�éPéfñ�ðhùCó 2 ò�ã}ù,ò"¢@ñ�ó 2 ó 2 ò ì ð�7�=|ò<7�ã}ù�ò Ý�ô$2 ò"R7ð ë_o =�7Pã�n�ù�ú� n,ù ë ófñ�ã}ù1n�éPòcú � ã�7$ó 2 ò + ó@ñ�é �

f(x)bkg = (x− x0)
a · e−b(x−x0)2−c(x−x0)

Ù � ÝÆÛ�Ü
¢ 2 ò87fò x0

Ù ó 2 ò ì ãj¢�ò<7 î�2 í
éPñ ë ð ì5ì ñ�5�ñÆó�ã � ó 2 ò~ú,ñ�éPó�7fñ�R�n,óUñ�ã}ù Ü ñ�é�ó 2 ò x p ð�ý�ñ�é$ñ�ùDóUò<7Péfò ë óUñ�ã}ùî ã}ñ�ùló�ã � ó 2 ò � n,ù ë ófñ�ã}ù fbkg ð|ù�ú a � b ð|ù�ú c ð�7Pòsé 2 ð î ò î ð�7Uðs5�òMóUò<7Pé�ã � ó 2 ò � n�ù ë óUñ�ã|ù ÝN ñ�ù ë ò fbkg ñ�éOo}ò<7Eí{éPòcù�éPñSR ì ò�ófã1é 2 ð î ò î ð�7Uðs5�òMóUò<7Oohð�7fñ�ðhóUñ�ã}ù�é8�Dñ�ó�ñ�é�ù�ò ë òcéféfð�7Pí{óUã î ò<7 � ã�7�5
ó 2 ò + ó ì òLð·o
ñ�ù�=�ð1éPñ�ù�= ì ò � 7fòQò î ð�7fð�5�òMóUò87=ð|ù�ú + ý�ñ�ù�=1ó 2 ò~ã|ó 2 ò<7$ó 2 7fòQò~óUã�ð ì�ì ãj¢#ó 2 ò + óIóUãë ã}ù	o}ò87�=}ò Ý7ô$2 ò~ó0n�ù�ñ�ù�=�ã � ó 2 ò î ð�7Uðs5�òMóUò<7Pé$ñ�éIú�ã}ù�ò � ã ì�ì ãj¢@ñ�ù�=[ó 2 ò χ2 5rñ�ù�ñ�5�ñ��Lðhófñ�ã}ù Ý :dñÆó
ñ�é î ò<7 � ã�7�5ròcúEn�ù6R�ñ�ù,ù�òcú��|ð|ù�úE7fòcéQn ì ófé ë ð|ù'RbòIéfòQòcù�ñ�ù':dñ�= Ý � Ý Þ��D¢ 2 ò87fòIó 2 ò ë ã}ùDó07PñSR�n,ófñ�ã}ùoã �
ó 2 ò£R7ð ë_o =�7Pã�n�ù�ú{ð|ù�úrã � ó 2 ò$¢@ñ�ú�ò�ápð�n�éféPñ�ð|ù ë ã�5 î ã}ù�òQùDó�ã � ó 2 ò�éPñS=}ù�ð ì ð�7Pò î,ì ã|óPóUòcú Ý}ô$2 ò+ ó$7fòQé�n ì óUé=ð�7Pò�é 2 ãj¢@ù�ñ�ù ô ð�R Ý � Ý A Ý A Ý ; ë ã}ù,éPó�ðhùló$ohð ì n�òY¢Ið|é=ðhéféfñ�=}ù�òQú�óUã1ó 2 ò î ð�7fð�5�òMóUò87
x0 ã � ó 2 ò�R7ð ë_o =�7fã�n�ù,ú � n�ù ë óUñ�ã}ù Ù x0 = 139.5 MeV/c2

Ü ófã�ð ì�ì ã´¢ ó 2 ò + ó ë ã|ù6o|ò<7Q=}òcù ë ò Ýô$2 ò$éfñ�=}ù7ð ì 7fò8=}ñ�ã}ù[ã � ∆m ñ�éjú�ò + ù,òcúrð|édó 2 òIñ�ùlófò<7 o|ð ì [µ∆m−σII , µ∆m+σII ]
Ù �Q�¨7fò � ò<7féSóUã

ó 2 òO¢@ñ�ú�òIáoðsn�éféPñ�ð|ù Ü_ÝsN ñS=}ù�ð ì ð|ù�úER7ð ë_o =�7fã�n�ù�ú�ð�7Pò�òQéPófñS5�ðhóUòQú�¢@ñÆó 2 ð|ù'ñ�ùlófò<=�7fð ìuÝ´W ò + ù�ñ�ù�=
ó 2 ò î n�7Pñ�ó]ízðhé NS

NS+NB
¢�òoã�R,ó�ð|ñ�ù�òcúsñ�ù�ã�n�7 ë ð|éPò'ð'ohð ì n�ò~ã � ∼ 40%

Ý
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deltam fit

�7�q��� � Ý Þ z ∆m ú,ñ�éPó�7fñ�R�n,óUñ�ã}ù � ã�71ó 2 òX¢ 2 ã ì òzú�ðhó�ð|éPòQó Ý á�7Pòcòcù�ñ�é{R�ð ë_o =�7fã�n,ù�ú���ú7ð|é 2 òcúë n�7Qo|ò ë ã�7�7Pòcé î ã}ù,ú�éOófã�R7ð ë_o =�7fã�n�ù�ú î,ì n�é�¢@ñ�ú�ò�=Dð�n�éPéfñ�ðhù ë ã�5 î ã}ù,òcùDó � ã�7$ó 2 òoéPñS=}ù�ð ì

- ð�7Uð�5ròQófò<7 :dñ�ù�ð ì s�ð ì n�ò
∆m 5ròLð|ùXohð ì n�ò Ù éPñS=}ù7ð ìwÜ 145.48 ± 0.01 MeV/c2

σ∆m

Ù ù7ð�7�7Pãj¢é=Dð�n,éféfñ�ð|ù Ü 0.72 ± 0.03 MeV/c2

σ∆m

Ù ¢@ñ�ú�ò�=Dð�n,éféfñ�ð|ù Ü 1.71 ± 0.10 MeV/c2

Nsig 55220 ± 3438
Nbkg 226980 ± 21398
a 0.59 ± 0.01
b 99 ± 79
c 43.7 ± 2.1¥�¦f§,� � Ý A z N n�5º5�ð�7Eí{ã � ∆m

+ ó � a � b ð|ù�ú c 7fò � ò<7=óUãré 2 ð î ò>ohð�7fñ�ð�R ì òcé$ñ�ù,� ÝÆÛ
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� Ý¡æ K± éfð�5 î�ì ò � 7Pã�5 ël2 ðs7�5ròcú�ú�ò ë ðKí
é
� Ý Þ K0

L
7Pò ë ã|ù�éPó�7�n ë óUñ�ã|ù,n,éfñ�ù�= e+e− → φ(K0

S
K0

L
)γ ò8o}òQùDóUé

� Ý � �Iì n�éEóUò<7=é 2 ð î ò�ohð�7Pñ�ð�R ì òcé � ã�7 ëb*»�

� Ý � W ðhó�ð ��*»� ë ã�5 î ð�7fñ�éfã}ù � ã�7 ë¾*a� ëcì n�éPófò<7@é 2 ð î ò>ohð�7Pñ�ð�R ì òcé
� Ý�è K0

L

- � W éfò ì ò ë óUã�7Pé
� Ý�r K0

L
ñ�ùlófò<7fð ë ófñ�ã}ù�éIñ�ùzó 2 ò ëb*»� ¢@ñÆó 2 ó 2 ò D0→K0

Lπ+π−

D0→K0
S
π+π−

ú�ã�n�R ì ò p 7Uð�óUñ�ã
; î ð�7fð ì�ì ò ì éPó�n�ú,í'¢Ið|é�ú�ã}ù�ò$ófã î 7fã
ú�n ë ò£=}òQù�ò<7Pñ ëM*»��ë ã�7Q7fò ë óUñ�ã}ù�é8ófã ëb*»� ò Órë ñ�òcù ë í

ðhù�ú�òcù�ò87�=|í'ú�ò î ã}éfñÆóUñ�ã}ù�ã � K0
L
n,éUð�R ì ò=ñ�ù��������	� î�2 í
éPñ ë é�ð|ù�ð ì í
éfòQé<�Dñ�ù'ó 2 ò=é î ñS7Pñ�ó&ã � ��������� Ý

:7ã�7oó 2 ñ�é'éEó0n�ú,í��[¢�òXn�éfòQúyó 2 ò D∗ → D0(K∗(K0
L
π)π)π éUð�5 î�ì ò{ð ì 7PòLð|ú�í�ú,òcé ë 7fñ�R�òQú�ñ�ùN ò ë ó Ý � Ý A Ù ó 2 ò<7fòcð � óUò87'7fò � ò<7PòcúyóUã+ðhéoâ D0 → K0

L
π+π− © Ü �dð|ù�ú¥¢�òzð ì éPã»n�éPòcú�ð�éUð�5 î�ì ò

ã � D∗ → D0(K∗(K0
S
π)π)π ú,ò ë ðLí
é Ù ó 2 ò87fòLð � óUò<7,7fò � ò<7Pòcú?ófã ð|é�â D0 → K0

S
π+π− © Ü_Ý

ß�ã|ó 2 D0 → K0
L
π+π− ðhù�ú D0 → K0

S
π+π− éUðs5 î�ì òcé � òcðhó0n�7Pòsð&7fò ì ðhóUñ!o}ò ì í ì ð�7Q=}ò ë ã p

o|ò<7fð�=}ò�ã � ó 2 ò K0 î�2 ð|éfò�é î ð ë òs�	ð|é ë ðhù3Rbò�éfòQòcù ã}ù3:dñS= Ý � Ý ��ð|ù�úê� Ý � Ý6ô$2 ò�7fã ì ò'ã � ó 2 ò
D0 → K0

S
π+π− éfð�5 î�ì ò�ñ�éIófã 2 ò ì�î ñ�éfã ì ðhófñ�ù�=oòªn�ò ë óUé=ã � ð|ùzñ�5 î ò<7 � ò ë óIéfñ�5'n ì ð�óUñ�ã|ù{ã � K0

L

ñ�ùDóUò<7fð ë ófñ�ã}ù,é~ñ�ù�ó 2 ò ëb*»�½� 7Pã�5 ã|ó 2 ò<7 î ã|óUòQùDóUñ�ð ì ú7ðhóUð ��*»� ú�ñ�é ë 7fò î òQù ë ñ�òcépó 2 ð�ó>¢Iã�n ì ú
Rbòpé î ò ë ñ +7ë óUã�ã�n�7 î ð�7Pófñ ë n ì ð�7 ë ã}ùDó07Pã ì éUðs5 î�ì ò Ý

;�ùrãjo|ò<7Qo
ñ�ò8¢ ã � ð ì�ì ðjohð|ñ ì ð�R ì ò K0
L

ë ã�7�7Pò ë óUñ�ã|ù�é8ñ�éÝ=}ñ�o|òcù�ñ�ù N ò ë ó Ý � Ý�r�Ý�Û �|ð|ù�ú�ó 2 ò�7fòQéPó�ã �N ò ë ó Ý � Ý�r ú�òcé ë 7PñSRbòcé$ó 2 ò z ��� kCe   i�n�éfòQúsófã1ã�R,óUð|ñ�ù�ó 2 òQéfò ë ã�7�7fò ë ófñ�ã}ù�é$ð|ù�úzòcéEóUñ�5{ðhófò�ó 2 òcñ�7
ò87�7Pã�7fé Ýdô$2 òsð ë ó0n7ð ì g0�li y �¦�~i�ð�7Pò î 7PòcéfòQùDóUòcú�ñ�ù N ò ë ó Ý � Ý¡ça� ã�7[ú�ñ¨n�ò<7PòcùDó ëb*»� éfò ì ò ë óUñ�ã|ù�é
ðhù�ú�ú7ðhóUð|éfòMóUé Ý �;ó~ñ�é�7Pò ë ã�5º5ròcù,ú�òcú�ófã�n�éfò1ó 2 ò�« I ö�ú�¬u¬�­Y®�¯ « I öbñ>ðÀ/!°_í�±³²�´;µ'��¶!¶
ëQì ð|éPé=óUãrð î�î�ì í{ó 2 ò K0

L

ë ã�7�7Pò ë ófñ�ã}ù,éOñ�ù�í}ã�n�7�ð|ù�ð ì í
éfñ�é¢·
�_· r ·r¸ U o|ò<7 o�ñ�ò8¢ ã � ó 2 ò K0

L

*»� ë ã�7Q7fò ë óUñ�ã}ù�é
�]ùsó 2 ñ�é@ð|ù7ð ì í
éfñ�é8��¢�ò'ð�7Pò ë n�7Q7fòQùló ì í î 7Pã�ú�n ë ñ�ù�=1ó 2 ò � ã ì�ì ãj¢@ñ�ù�= K0

L

*a�(ë ã�7Q7fò ë óUñ�ã}ù�é �
z ;#o|ò<7Uðs=}ò ëb*»� ò Órë ñ�òcù ë í ë ã�7Q7fò ë óUñ�ã}ùº¹�éPñ�ù�= ì ò~ù6n�5'Rbò<7_»�t
z ë¾*a� ò Órë ñ�òcù ë í ë ã�7�7fò ë ófñ�ã}ù�é$o
é θK0 t
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KL
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�7�q��� �_·4� z N ñS=|ù7ð ì K0
L
ó07Qn�òZ5rã�5ròcùDó0n�5Bé î ò ë ó�7�n�5Úã � ó 2 ò D0 → K0

L
π+π− éfð�5 î�ì ò�ð � óUò87ð ì�ì éPò ì ò ë ófñ�ã}ù,é<�7ñ�ù ëcì n,ú�ñ�ù�=1ó 2 òpéfñ�=}ù7ð ì�î òcð o 7fò8=}ñ�ã|ù 0.144 < ∆m < 0.147 GeV/c2 ·
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�7�q��� �_· � z N ñS=}ù7ð ì K0
L
ó�7�n�ò î ã ì ð�7�ð|ù�= ì ò�é î ò ë ó07Qn�5 ã � ó 2 ò D0 → K0

L
π+π− éfð�5 î�ì ò�ð � óUò87ð ì�ì éPò ì ò ë ófñ�ã}ù,é<�7ñ�ù ëcì n,ú�ñ�ù�=1ó 2 òpéfñ�=}ù7ð ì�î òcð o 7fò8=}ñ�ã|ù 0.144 < ∆m < 0.147 GeV/c2 ·
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z ë¾*a� ò Órë ñ�òcù ë í ë ã�7�7fò ë ófñ�ã}ù�é$o
é pK0 t ¼´7Pò ë ã�5º5ròcù,ú�òcú;¼
z ë¾*a� ò Órë ñ�òcù ë í ë ã�7�7fò ë ófñ�ã}ù�é$o
é Ecal tz ë¾*a� ò Órë ñ�òcù ë í ë ã�7�7fò ë ófñ�ã}ù�é$o
é pK0 ð|ù�ú Ecal t ¼´7Pò ë ã�5º5ròcù�ú,òcú;¼
z ;#o|ò<7Uðs=}ò Ecal é ë ð ì ò � ð ë óUã�7!¹¦éfñ�ù�= ì òWù6n�5BR�ò87_»;t
z Ecal é ë ð ì ò � ð ë óUã�7Pé$o�é pK0 t ¼´7fò ë ã�5f5ròcù�ú�òQú;¼ô$2 òcéfò ë ã�7�7fò ë ófñ�ã}ù�é ë ð|ù"Rbò ë ð�óUò<=|ã�7fñ��còcú�ñ�ù�ó�¢�ã�ó]í î òcé �
z ñ>ðÀ/ íT½�¾T± í@ìf¾�¿UÀjël2 ð|ù�=}òcéWó 2 ò1� z e y |C�dÁ � ú,òQóUò ë ófòcú K0

L

ë ð|ù�ú,ñ�ú7ðhófòcé8�6ð î�î,ì ñ�òQú
Rlí"¢IòQñS= 2 ófñ�ù�=.Á�7 o ñ ì�ì ñ�ù�= ë ð|ù,ú�ñ�ú7ð�óUòcé8�uÁ�R,óUð|ñ�ù,òcú � 7pÁ�5 ó 2 ò�ú�Á�n�R ì ò p 7UðhófñÂÁÃÁ � D0 →
K0

L
π+π− Ájo}ò87 D0 → K0

S
π+π− ú7ðhóUð ��*»� 7Uð�óUñÂÁ|éutz ñ>ðÀ/ ¾T­�Äf®ªµ·íLÅÇÆ�µSµSÅ�±³ÈfÄ|µjíÉÀ�ël2 ð|ù�=}òQé1ó 2 òfm�glelmC��g­�?}(�li�Á � K0

L

ë ðhù�ú�ñ�ú�ðhóUòQé ÿdëQì n�é p
óUò<7Pé<�lð î,î�ì ñ�òcú�RDí�é ë ð ì ñ�ù�= ëcì n,éPóUò87fé ÿDî 7pÁ î ò<7EóUñ�òcéORDí�épÁ�5rò � ð ë ópÁ�7<��Á�R,ó�ðhñ�ù�òQú � 7ÊÁ�5 ó 2 ò
D0 → K0

L
π+π− ¹�éPñ�ù�= ì òG»	ú7ðhóUð ��*»� 7fðhóUñ¨ÁC¹¦ú7ðhó�ð�ð|ù�ú *»� ù�Á�7�5�ð ì ñ��còcúpóËÁ�ó 2 ò�éUð�5rò

ð�7fòcðT»i·6;$ófó�7fñ�R�n,óUò ë Á�7Q7fò ë óUñ¨Á}ù�é�é 2 Á�n ì ú�RbòMn�éfòQúzñ�ù ë Á�5'R�ñ�ù7ðhófñÂÁ}ù{¢@ñ�ó 2 ð|ù{ò Órë ñ�òcù ë íë Á�7Q7fò ë óUñ¨Á}ùu· ô$2 ò ëb*»� òcù,ò<7�=hísñ�ùzó 2 ò ì ð�R;Á�7UðhópÁ�7Pí � 7Uð�5ròÌ¹ Ecal »$ñ�é ë n�7�7fòQùDó ì ízó 2 ò
Á}ù ì í ëQì n�éEóUò<7@ð�ófó07PñSR�n�óUò � Á�7¾¢ 2 ñ ël2 ¢�ò î 7ÊÁ´o
ñ�ú�ò~ð ë Á�7�7fò ë ófñÂÁ}ù��qR�n,ó$ó 2 ò�5ròQó 2 Á�ú ë ð|ù
R�òoð î�î,ì ñ�òQú�óËÁ�Á|ó 2 ò<7 ëcì n�éPófò<7 î 7ÊÁ î ò87Pófñ�òcé=ñ � 7fò<µ6n�òQéPófòcúu·Í Á|ó 2 ò Ó òQù ë í�ð|ù�ú�ðhóPó07fñ�R�n,ófò ë Á�7Q7fò ë óUñ¨Á}ù�éOð�7Pò>=}ñ�o|òcù�ñ�ùzó�¢�Á � Á�7Q5{ðhó �

z ú�Æ�Èf­?íÎ¬EÏ�ìuÄfÐÑÈFíZÅ�®�À ú,ò î òcù�ú�ñ�ù�=ÑÁ}ùnó 2 ò K0
L

o ñ�ù,ò<5�ðhóUñ ë � Å´í�¾�¬�ÐÒÐTíqì�Ó%í�ÓÔ±Kì
ÐÕ¬�®ªµÖ¾�Æ�®<íL®�×lô$2 òcéPò$R�ñ�ù�ù,òcú ë Á�7�7Pò ë ófñÂÁ}ù,é8ð�7PòIñ�ù,ú�ò î òcù�ú,òcùDóAÁ � ó 2 ò î ð�7Pófñ ë n ì ð�7 o ñ�ù�ò p
5{ðhófñ ë Á � ó 2 ò D0 → K0

L
π+π− éUðs5 î�ì ò£n�éfòQúzñ�ù�ó 2 ñ�éIð|ù�ð ì í
éfñ�éut ô$2 òQí{ð�7Pò ë n�7�7PòcùDó ì íî 7pÁjo
ñ�ú�òQú�ð|é�ð � n�ù ë óUñ¨Á}ùØÁ � ó 2 ò K0

L
5ÌÁ�5ròcùDó0n�5Ù¹ pK0 »Oðhù�ú î Á ì ð�7@ðhù�= ì òÃ¹ θK0 »@ñ�ù

ó 2 ò ì ðsR;Á�7fðhóËÁ�7Pí � 7Uð�5rò�·
z ò+±?ì�²�­ í�ìuÄfÐÑÈFíZÅÚÀ ñ�ù�ú�ò î òQù�ú�òQùló ì í/Á � ó 2 ò K0

L

o ñ�ù�ò<5�ðhóUñ ë · ô$2 ñ�éjð·o}ò<7fð�=}ò ë Á�7Q7fò ë óUñ¨Á}ù
ñ�é$ohð ì ñ�ú � Á�7=ó 2 ò ë Á|ùló�7pÁ ì éfð�5 î,ì ò>n�éPòcú ñ�ù�ó 2 ñ�é@éEó0n�ú,í��HR�n,óY5{ðLízù�ÁhóYRbòoð î�î�ì ñ ë ð�R ì ò
ñ�ù�ð|ù7ð ì í
éfòcé@ú�òcð ì ñ�ù�='¢@ñ�ó 2 ð�ú,ñ¨n�ò<7fòQùDó K0

L

o ñ�ù�ò85{ð�óUñ ë ·
:ÛÁ�7rð|ù7ð ì í
éfòQé{òMý î�ì ñ ë ñ�óUò ì í ì ÁLÁ o ñ�ù�= � Á�7 K0

L

ë ð|ù�ú�ñ�ú7ðhóUòQéf¢@ñÆó 2 Á�n,ófn�éfñ�ù�=�ó 2 òcñ�7 ëb*»�
òQù�ò<7Q=|í��%¢�òº7Pò ë Á�5º5ròcù�ú óËÁ,n�éfòró 2 ò K0

L

ëb*»� ò Órë ñ�òQù ë í ë Á�7�7Pò ë ófñÂÁ}ù,é�o
é pK0 · U ù�ó 2 ò
Áhó 2 ò87 2 ð|ù�ú���¢�ò�7fò ë Á�5f5�òQù�ú�ó 2 ð�óoð|ù7ð ì í�éPòcé�n�éPñ�ù�=zó 2 ò ëb*»� ë ð|ù,ú�ñ�ú7ð�óUòcépòQù�ò<7Q=|íÎ¹�ò�·�=�·
ópÁ î ò87 � Á�7Q5Gð � n ì�ìÚp ò8o|òcùDó>7Pò ë Á|ù�éPó�7�n ë óUñÂÁ|ùE»Yn�éPò1ó 2 ò Ecal é ë ð ì ò � ð ë óËÁ�7féZo
é pK0

ÆCì�Ó ó 2 òëb*»� ò Órë ñ�òQù ë í ë Á�7�7fò ë ófñÂÁ}ù�é�o
é pK0 ð ì óËÁ�=}òMó 2 ò87¢· ô$2 ò ë¾*a� ò Órë ñ�òcù ë í ë Á�7�7Pò ë ófñÂÁ}ù,é�o
é
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Ecal ð ì Á}ù�ò&ñ�é�òMý î ò ë ófòcú'ópÁ�éQn�n5ò87 � 7ÊÁ�5 ì ð�7�=}ò&éEí
éPóUò85{ð�óUñ ë ò87�7pÁ�7fé�Á}ù[ñÆóUé|Ájo}ò87Uð ì�ì é ë ð ì ò�éfñ�ù ë ò
¢�ò ë ð|ù,ù�Á|ó�n�éPò�ð D0→K0

L
π+π−

D0→K0
S
π+π−

ú�Á�n�R ì ò p 7Uð�óUñÂÁ�ñ�ù�ó 2 ñ�é ë ð|éfòs�	ñ�óUé�é 2 ð î ò 2 Áj¢Iò�o}ò87 ë Á}ùDó�ð|ñ�ù�é
n,éfò � n ì ñ�ù � Á�7Q5{ðhófñÂÁ}ùM·Ý ò�ú�Á[ù�ÁhóL7Pò ë Á�5º5ròcù�ú�ópÁBn�éPòOó 2 ò�ð·o|ò<7Uðs=}ò�éPñ�ù�= ì ò=ù6n�5'Rbò<7 ë Á�7Q7fò ë óUñ¨Á}ù�éOn�ù ì òcéPé�í�Á�n�7
ðhù7ð ì í
éPñ�é=éUðs5 î�ì òWñ�é o ñ�ù�ò<5�ðhóUñ ë ð ì�ì íréfñ�5�ñ ì ð�7�óËÁ�Á�n�7 ë Á}ùDóUñ�ù@n�n�5 D0 → K0

L
π+π− éUð�5 î�ì ò�·

�]ùÕ=}òcù,ò<7Uð ì �Ý¢�ò � Á�n�ù�ú�ó 2 ðhó�ó 2 ò K0
L

ëb*»� ò Ó òcù ë í ë Á�7Q7fò ë óUñ¨Á}ù�érð�7fò î 7PòQóPó]í¹5'n ël2
ñ�ù�ú�ò î òQù�ú�òcùDó'Á � θK0 · Ý ò�ñ�ùDóUò87 î 7PòQó$ó 2 ñ�é�RDí�ó 2 ò 2 í î Áhó 2 òQéfñ�é$ó 2 ðhó W ðhó�ð ��*»� ú,ñ�é ë 7fò î òQù pë ñ�òQé¤Á � ó 2 ò K0

L
ñ�ùDóUò87Uð ë óUñ¨Á}ù�é~ú�Ásù�Á|ó î 7fñ�5{ð�7 ì í ë Á�5�ò � 7ÊÁ�5 ó 2 ò�5ÃÁ
ú�ò ì ñ�ù�=ÞÁ � ó 2 ò ëb*»�

=|ò¢Á�5ròQó�7Pí��qR�n,ó � 7ÊÁ�5�ó 2 ò>5ÌÁ�ú,ò ì ñ�ù�=!Á � K0
L

2 ð|ú�7pÁ|ù�ñ ë é 2 Áj¢�ò<7féÚ¹ ¢ 2 ñ ël2 ð�7PòWñ�ù�éPòcù�éPñ�ófñ�o}ò�óËÁ
ó 2 ò K0

L
ú,ñS7fò ë ófñÂÁ}ùE»ß·

; ì�ì ó 2 ò K0
L

ë Á�7�7Pò ë ófñÂÁ}ù,é'ð�7Pò{ð ëcë òQéféPñSR ì ò{ñ�ù+ó 2 ò )pö}ü�ô ÁLÁ ì é ��)pö}ü%ë¾*a��Ý òQñS= 2 ó ëcì ð|éfé8�
¢ 2 ñ ël2 ñ�éró 2 òa7Pò ë Á�5º5ròcù�ú,òcú ópÁ�Á ì ópÁyð ëQë òcéPézð|ù�ú n�éfò�ó 2 ò K0

L

ë Á�7Q7fò ë óUñ¨Á}ù�é{ð|ù�ú ó 2 òcñ�7
ò87�7ÊÁ�7féª·
�_· r ·�A D0 → K0

L
π+π− éfð�5 î�ì ò

�_· r ·�A�·r¸ ë o|òcùDóUé�éfò ì ò ë óUñÂÁ|ù
ô$2 òoéfò ì ò ë óUñ¨Á}ù�Á � ó 2 ò D0 → K0

L
π+π− éUð�5 î�ì òZn�éfòQú ñ�ùzó 2 ñ�é@ð|ù�ð ì í
éfñ�é=ñ�é=ñ�ú�òcùDóUñ ë ð ì óËÁ

ó 2 ò¤Á}ù�ò�ú�òcé ë 7fñ�R�òQú�ñ�ù N ò ë óS·��_·4AB¢@ñ�ó 2 ó 2 ò~ò_ý ë ò î óUñÂÁ|ùØÁ � ó 2 ò ëb*»�4ë ð|ù�ú,ñ�ú7ðhófòcé$éPò ì ò ë ófñÂÁ}ùM·ô$2 ò'5{ðhñ�ù ë n,ófé~ð�7fò[é�n�5f5�ð�7fñ��còcú�ñ�ù ô ð�R ì òB�_· Ü ¹¦éfòcò N ò ë óS·��_·�A � Á�7�ú�òQóUð|ñ ì é_»ß· K0
L
ò Ó òcù ë í

ðhù�úrðhófó�7fñSR�n,óUò ë Á�7�7Pò ë ófñÂÁ}ù,é¶¢Iò87fò ë Á�5 î n,ófòcú � Á�7¶ohð�7PñÂÁ�n�é ë¾*a� éfò ì ò ë óUñ¨Á}ù�é ì ñ�éPófòcú�ñ�ù ô ð�R ì ò
�_· � ·C�;ó£¢�Á�7Pó 2"2 ñ�= 2�ì ñS= 2 óUñ�ù�=[ó 2 ðhó=ó 2 ò p∗D0

ë n,óM7fò��Pò ë ófé D∗ ë Á�5rñ�ù�= � 7pÁ�5 BB̄ ò8o|òcùDóUé�ð|ù�ú
ñ�épÁ ì ðhóUòQéIó 2 ò!Á|ù�òcé ë Á�5rñ�ù�= � 7pÁ�5 ë Á}ùDóUñ�ù6n�n�5Ø·

N ò ì ò ë ófñÂÁ}ù s�ð ì n,ò
K0 ì ð�R15ÌÁ�5ròcùDó0n�5 pK0 > 0.4 GeV/c

K∗ 5�ð|éfé 0.81 < mK∗ < 0.97 GeV/c2ë Á}éfñ�ù�ò/Á � K∗ 2 ò ì ñ ë ñ�ó]í{ð|ù�= ì ò cos θhel > 0.55
D0 5ÌÁ�5�òQùDó0n�5 ñ�ù �$* � 7fð�5rò p∗D0 > 2.45 GeV/c

∆m = mD∗ −mD0 ∆m < 0.16 GeV/c2

¥�¦f§,� �_· Ü z N n�5º5�ð�7EíÞÁ � D∗ → D0(K∗(K0
L
π)π)π ò8o|òcùDóUé�éfò ì ò ë óUñÂÁ|ù�é



Ü A�à
�_· r ·�A�·�A K0

L á ñ�=}ù7ð ì í�ñ�ò ì ú�ò_ý
ó07Uð ë óUñ¨Á}ù
; � óUò<7~ó 2 ò�ò8o}òQùDó á ò ì ò ë ófñÂÁ}ù���ó 2 ò á ñ�=}ù7ð ì K0

L
ð�7Pò�ñ�ú�òQùDóUñ + òcú � 7pÁ�5 ó 2 òQñS7 î òLð o ñ�ù�= ∆m

á ó07Qn ë ó�n�7fòWó 2 ðhó$ñ á o|ò<7Pí�ú�ñ¨n�ò<7PòcùDó � 7ÊÁ�5Úó 2 ò ∆m á 2 ð î òÖÁ � ó 2 ò>R7ð ë_o =�7pÁ�n�ù,ú ë¾*a�4ë ð|ù�ú�ñ p
ú�ðhóUò á ¹ á òcò¾:dñ�=�·<�_·âà��j�_·äãq�j�_· r »i· * Á á ó,Á � ó 2 ò¾R�ð ë_o =�7pÁ�n,ù�ú ë ð|ù�ú�ñ�ú7ðhóUò á ð�7fò î�2 ÁhóËÁ}ù á � ël2 ð�7Q=}òcúî ñÂÁ}ù á Á�7 K0

L
ù�Á|ó ë Á�5rñ�ù�= � 7pÁ�5�ó 2 ò á ñ�=}ù7ð ì ú�ò ë ðLí ël2 ð|ñ�ùu· K0

L
ù�Á|ó ë Á�5�ñ�ù�= � 7pÁ�5�ó 2 ò ë Á�5 pî,ì òQófò D∗ → D0(K∗(K0π)π)π ú�ò ë ðLí ël2 ð|ñ�ùnð�7Pò ë Á}ù á ñ�ú�ò87fòQúnð á R7ð ë_o =�7pÁ�n�ù,ú��jð|ù�ú ù�Á|ó

ð á�á ñ�=}ù7ð ì �HR�ò ë ð�n á ò î Á|óUòQùlófñ�ð ì ú7ðhóUð ��*»� ú,ñ á ë 7fò î òQù ë ñ�ò á ë Á�5�ñ�ù�= � 7pÁ�59ó 2 òcñS7 î 7pÁ
ú�n ë óUñ¨Á}ù
¢�Á�n ì úsù�Á|ó ë ð|ù ë ò ì ñ�ùzó 2 ò KL

KS
ú�Á�n�R ì ò p 7fðhóUñ¨Á�·ô$2 ò K0

L á ñ�=}ù7ð ì ð|ù�úBR7ð ë_o =�7pÁ�n�ù�ú1í
ñ�ò ì ú á ð�7fò�òMý
ó07fð ë ófòcú � 7ÊÁ�5 ð|ù'n�ù6R�ñ�ù�ù�òQú'5{ð�ý,ñ�5'n�5ì ñ o ò ì ñ 2 ÁLÁ�ú + ó'Á � ∆m ú�Á|ù�ò�¢@ñ�ó 2 ð1ú�Á�n�R ì ò!åoðsn ápá ñ�ð|ù á ñS=}ù7ð ì�-OW :�ð|ù�ú�ðº¬£ejej��i��~�'ÆGe!{
R�ð ë_o =�7pÁ�n,ù�ú -OW :æ¹ á òcò N ò ë ó¢·Ý�_· r ·çà � Á�7[ú,òQó�ðhñ ì á »i· ô í î ñ ë ð ì á ñ�=}ù7ð ì ð|ù,ú¥R7ð ë_o =�7ÊÁ�n�ù�ú K0

L

í
ñ�ò ì ú á ðhù�ú ∆m
+ óa7Pò á n ì ó á ð�7Pò ñ ì�ì n á ó�7UðhófòcúèÁ}ù :dñS=�·L�_·éã�ð|ù�ú��_· r¹� Á�7sú7ðhóUðCð|ù,ú *»�

7Pò á î ò ë óUñ!o}ò ì í�·
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Bkg: 333271 +- 814

/dof: 3.8193492χ

 m (KL data)∆

�7�q��� �_·éã z ô í î ñ ë ð ì ∆m
+ ó � Á�7@ó 2 ò D0 → K0

L
π+π− á ð�5 î�ì ò[ñ�ù"7Qn�ù á ¸ p àrú7ðhó�ðê¹(A Ü ö ·�A�A� R −1 »i·£; ì�ìWë n�ó á 2 ð·o}ò�RbòcòQù?ð î�î�ì ñ�òcúu· ô$2 ò ëb*»� ë ð|ù�ú�ñ�ú7ðhófò áØá ò ì ò ë óUñÂÁ|ù ¢Ið á Ecal >

0.05 GeV ·
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�7�q��� �_· r z ô í î ñ ë ð ì ∆m + ó � Á�7dó 2 ò D0 → K0
L
π+π− á ð�5 î�ì ò�ñ�ù *»� ¹ N�- � � � »i· ô$2 ò=ñ�ù î n,óù6n�5BR�ò87�Á � D0 → K0

L
π+π− á ñ�=}ù7ð ì ò�o}òQùló á ë Á�7Q7fò á î Á}ù�ú{ópÁoó 2 ò�ò_ý î ò ë óUòQú á ñS=|ù7ð ì í
ñ�ò ì ú � Á�7ó 2 ò�7Qn�ù á ¸ p à�ñ�ùDóUò8=�7Uð�óUòcú ì n�5rñ�ù�Á á ñ�ó]íë¹KA Ü ö ·�A�A � R −1 »i· ô$2 ò�R7ð ë_o =�7ÊÁ�n�ù�ú ë Á}ù á ñ á ó á Á � ð ì�ìó 2 ò�ð·o|ðhñ ì ðsR ì òº=}òcù�ò87fñ ë�ëQë R7ðs7ºR7ð ë_o =�7pÁ�n�ù,úì¹ Ü A�ã�·�� � R −1 »��Ý¢ 2 ò<7fò D0 → K0

L
π+π− ð|ù�ú

D0 → K0
S
π+π− á ñS=}ù7ð ì ò8o|òcùDó á 2 ð·o}òMR�òQòcùf7fò85ÃÁjo}òQú�� î�ì n á ó 2 ò@ò_ý î ò ë óUòQú D0 → K0

S
π+π−

í
ñ�ò ì ú�òMý î ò ë óUòcú ñ�ù,7�n�ù á ¸ p àrú�ðhó�ð�·C; ì�ì	ë n,ó á 2 ð·o}òER�òQòcù�ð î�î�ì ñ�òcúu· ô$2 ò ëb*»�?ë ð|ù�ú�ñ�ú7ðhóUò áá ò ì ò ë ófñÂÁ}ùX¢Ið á Ecal > 0.05 GeV ·



Ü A �
�_· r · Ü D0 → K0

S
π+π− á ð�5 î�ì ò

�_· r · Ü ·r¸ ë o|òcùDó ádá ò ì ò ë óUñÂÁ|ù
ô$2 ò á ò ì ò ë óUñ¨Á}ùÞÁ � ó 2 ò D0 → K0

S
π+π− á ð�5 î�ì ò£n á òcú�ñ�ù�ó 2 ñ á ð|ù7ð ì í á ñ á ñ á ð á7á ñ�5�ñ ì ð�78ð áî Á áÊá ñSR ì ò'ópÁ�ó 2 ò D0 → K0

L
π+π− á ò ì ò ë ófñÂÁ}ù�ñ�ùÑÁ�7fú�ò87�óËÁ15�ð�ý�ñS5rñ á òoó 2 ò�ú�ò á ñS7Pòcú ë ð|ù ë ò ìÚpì ðhóUñ¨Á}ùaÁ � ù�Á}ù p�ëb*»� ú7ðhóUð ��*»� ú�ñ á ë 7fò î ð|ù ë ñ�ò á ¹ á òcò N ò ë ó¢·��_· r · � »i·�; ì�ì ó 2 ò ë n,ó á Á ��ô ð�R ì ò

�_· Ü ð�7fò�ó 2 n á ð ì á Á�ð î�î�ì ñ�òQú{óËÁ á ò ì ò ë ó D0 → K0
S
π+π− ò�o}òcùDó á ·�:7ò8¢?ð|ú�ú�ñÆóUñÂÁ|ù7ð ì á ò ì ò ë óUñÂÁ|ù á

ù,òcòcú,òcúCópÁ á ò ì ò ë ó K0
S

ë ð|ù�ú�ñ�ú7ðhóUò á ¢Iò87fò�ð î�î�ì ñ�òQúu· ô$2 ò D∗ 5�ð ápá ñ á ë Á�5 î n,ófòcú � 7pÁ�5 ðô 7fòQò·:dñÆófófò<7 + ó�n á ñ�ù�=�ó 2 ò � n ì�ì K0
S
ñ�ù � Á�7Q5{ðhófñÂÁ}ù��!ð|ù�ú+ð ë n�ó¤Á}ù�ó 2 ò{7fò á n ì ófñ�ù�=�í K0

S á ó]í ì ò
7Pò ë Á © o|ð ì n�òdÁ � ∆m ñ á 5�ð|ú�òOú�n�7Pñ�ù�=[ó 2 ðhó î 7pÁ ë ò ápá · ô$2 ò á ò ì ð á ó ë n,ó á ë ð|ù ÿ ó�RbòWð î�î�ì ñ�òcúróËÁ
ó 2 ò K0

L á ð�5 î�ì ò�· ô$2 ò D0 → K0
S
π+π− á ð�5 î�ì ò á ò ì ò ë ófñÂÁ}ùsñ á�á n�5f5{ðs7fñS�Qòcúzñ�ù ô ð�R ì ò>�_·çà�·

N ò ì ò ë óUñ¨Á}ù s�ð ì n�ò
K0 ì ð�R15ÃÁ�5�òQùló�n�5 pK0 > 0.4 GeV/c

K∗ 5{ð ápá 0.81 < mK∗ < 0.97 GeV/c2ë Á á ñ�ù�ò/Á � K∗ 2 ò ì ñ ë ñÆó]í�ðhù�= ì ò cos θhel > 0.55
D0 5ÃÁ�5�òQùló�n�5 ñ�ù �$*Í� 7fð�5�ò p∗D0 > 2.45 GeV/c

∆m = mD∗ −mD0 ¹ K0
L
7Pò ë Á á ó]í ì òG» ∆m < 0.16 GeV/c2

∆m = mD∗ −mD0 ¹ K0
S
7Pò ë Á á ó]í ì òG» ∆m < 0.16 GeV/c2

K0
S
5{ð ápá 0.48647 < mK0

S
< 0.50887 GeV/c2

K0
S î ñ�= 2 ó@ú�ñ á ó�ð|ù ë ò � î ñS= 2 ó@ú�ñ á óUð|ù ë òpò87�7pÁ�7 fd/fde > 5

¥�¦f§,� �_·âà z N n�5º5�ð�7EíÞÁ � D∗ → D0(K∗(K0
S
π)π)π ò8o|òcùDó ádá ò ì ò ë óUñÂÁ|ù á

�_· r · Ü ·�A K0
S á ñ�=}ù7ð ì í�ñ�ò ì ú�ò_ý
ó07Uð ë óUñ¨Á}ù

ô$2 ò K0
S á ñS=}ù�ð ì òMý
ó07fð ë ófñÂÁ}ù{¢@ñÆó 2 ó 2 ò D0 → K0

S
π+π− á ð�5 î�ì ò=ñ á ñ�ú�òcùDófñ ë ð ì óËÁpó 2 ò K0

L

á ñS=}ù�ð ì òMý
ó07fð ë ófñÂÁ}ù1¢@ñ�ó 2 ó 2 ò D0 → K0
L
π+π− á ð�5 î,ì ò�· ô$2 ò K0

S á ñS=|ù7ð ì ð|ù�ú"R7ð ë_o =�7ÊÁ�n�ù�ú
í
ñ�ò ì ú á ð�7fòpòMý
ó�7Uð ë óUòcú � 7pÁ�53ð|ù"n,ù@R,ñ�ù�ù�òQú"5�ð�ý�ñS5Bn�5 ì ñ o ò ì ñ 2 Á�Á
ú + ó'Á � ∆m · Ý ò�n á òoó 2 ò
í K0

L
7Pò ë Á á ó]í ì ò © ∆m ú�ñ á ó07fñ�R�n,ófñÂÁ}ù�ñ�ù ó 2 ò + ó � Á�7�5{ð�ý,ñ�5{ð ì	ë ð|ù ë ò ì�ì ðhófñÂÁ}ùêÁ � á í á ófò<5�ðhóUñ ë

òin5ò ë ó á ñ�ùWó 2 ò D0 → K0
L
π+π− Ájo}ò<7 D0 → K0

S
π+π− 7Uð�óUñÂÁ�· Í ídí K0

L
7fò ë Á á ó]í ì ò © �<¢�òO5�òcð|ù

ó 2 ðhó=ó 2 òpñ�ù � Á�7Q5{ð�óUñÂÁ|ùÃÁ � ó 2 ò K0
S
ú7ð�n�= 2 óUò<7 á ñ á ù�ÁhóYn á òcúsóËÁ o ù�Áj¢?ó 2 ò K0

S
5ÃÁ�5ròcùDó�n�5"�

¢ 2 ñ ël2 ñ á ë Á�5 î n�óUòcú¹n á ñ�ù�=�Á}ù ì í�ó 2 ò K0
S
ú,ñS7fò ë ófñÂÁ}ùnð|ù�únó 2 ò 2 í î Á|ó 2 ò á ñ á ó 2 ðhó'ñ�ó ë ð�5rò



Ü A�ã
� 7ÊÁ�5 ð D0 → K0

S
π+π− ú�ò ë ðLí�� á ñS5 ì ð�7 ì íOóËÁ�ó 2 ò D0 → K0

L
π+π− î 7ÊÁ ë òcú�n�7Pò$ú�ò á ë 7PñSRbòcú1ñ�ùN ò ë ó¢·��_·�A�·¨¸pðhù�úX; î�î ·��_·¨¸�¸�·�:ÛÁ�7�ó 2 ò ë òcùDó07fð ì ohð ì n,ò á �@¢Iò>n á òcú�ð1ú�Á�n�R ì ò¤åoð�n ápá ñ�ð|ù á ñ�=}ù7ð ì-OW :�ð|ù�úCð¥¬Mejej�Zi�� �'ÆGe/{ÿR7ð ë_o =�7pÁ�n�ù�ú -OW :ï¹ á òcò N ò ë óS·F�_· r ·çà � Á�7�ú�òMó�ð|ñ ì á »ß· ô í î ñ ë ð ì

á ñS=}ù�ð ì ðhù�ú1R7ð ë_o =�7pÁ�n�ù�ú K0
S
í
ñ�ò ì ú á ð|ù,ú ∆m

+ ó$7Pò á n ì ó á ð�7fòWñ ì�ì n á ó�7UðhófòcúÞÁ|ù1:dñS=�·@�_·çð�ð|ù�ú
�_·r¸ ö'� Á�7=ú7ð�ó�ð�ð|ù�ú *»� 7Pò á î ò ë óUñ!o}ò ì í�·
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/dof: 2.1647972χ

 m (KS data)∆

�7�q��� �_·äð z ô í î ñ ë ð ì ∆m
+ ó � Á�7@ó 2 ò D0 → K0

S
π+π− á ð�5 î�ì ò[ñ�ù"7Qn�ù á ¸ p àrú7ðhó�ðê¹(A Ü ö ·�A�A� R −1 »i·C; ì�ì6ë n,ó á 2 ð·o}ò�Rbòcòcù�ð î�î,ì ñ�òQúu·

�_· r ·âà -bW : ël2 Á|ñ ë ò
N ò�o}ò87Uð ì á ñS=}ù�ð ì ðhù�úXR7ð ë_o =�7ÊÁ�n�ù�ú -OW : ë Á�5'R�ñ�ù�ðhóUñ¨Á}ù á 2 ð·o}ò>Rbòcòcù�ó�7fñ�òcú��@R�n,ó$5ÌÁ á ó�Á �

ó 2 ò<5 ¢Iò87fòoù�Á|ó á n,ñ�ó�ðsR ì ò�· ô$2 ò ë 7Pñ�ófò<7fñ�ð � Á�7@ð -OW :yóËÁ�R�ò ë Á}ù á ñ�ú�ò<7Pòcú�ð ëcë ò î óUð�R ì ò�¢Iò87fò �z �;ó£7fòQó�n�7fù á ð î,î 7pÁLý�ñS5�ðhóUò ì íº�cò87pÁ á ñS=|ù7ð ì ¢ 2 òQù + ófóUñ�ù�=�R7ð ë_o =�7ÊÁ�n�ù�ú�ò8o}òQùDó á Á}ù ì ídtz �;óF7fòMó0n�7Pù á ð î�î 7pÁLý�ñS5�ðhóUò ì ípó 2 ò á ð�5ròIù6n�5'Rbò<7AÁ � á ñS=|ù7ð ì ò8o}òQùDó á ¢ 2 òcù + óPóUñ�ù�= á ñ�=}ù7ð ì
ò8o}òQùDó á Á|ù ì íÞÁ�7 á ñ�= ¶ R o =rò�o}òQùló á ð ì óËÁ�=|òQó 2 ò<7¢·

:ÛÁ�7�ó 2 ò K0
L
R7ð ë_o =�7pÁ�n�ù�ú��@¢Iò 2 ð·o|ò�ó07Pñ�òcú�ó 2 ò�¬Mejej�Zi�� �'ÆGe/{ � n�ù ë óUñ¨Á}ùñ¹ ë µE·��_·�A�»�ð|ù�ú

ðhù�¤%| ² � z �   e�h<ª � n�ù ë ófñÂÁ}ùº¹ ë µE·C�_· Ü »i·
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�7�q��� �_·r¸ ö z ô í î ñ ë ð ì ∆m + ó � Á�76ó 2 ò D0 → K0
S
π+π− á ðs5 î�ì ò&ñ�ù *»� ¹ N�- � � � »ß· ô$2 ò�ñ�ù î n,óù6n�5BR�ò87�Á � D0 → K0

S
π+π− á ñ�=}ù7ð ì ò�o}òQùló á ë Á�7Q7fò á î Á}ù�ú{ópÁoó 2 ò�ò_ý î ò ë óUòQú á ñS=|ù7ð ì í
ñ�ò ì ú � Á�7ó 2 ò�7Qn�ù á ¸ p à�ñ�ùDóUò8=�7Uð�óUòcú ì n�5rñ�ù�Á á ñ�ó]íë¹KA Ü ö ·�A�A � R −1 »i· ô$2 ò�R7ð ë_o =�7ÊÁ�n�ù�ú ë Á}ù á ñ á ó á Á � ð ì�ìó 2 ò�ð·o|ðhñ ì ðsR ì òº=}òcù�ò87fñ ë�ëQë R7ðs7ºR7ð ë_o =�7pÁ�n�ù,úì¹ Ü A�ã�·�� � R −1 »��Ý¢ 2 ò<7fò D0 → K0

L
π+π− ð|ù�ú

D0 → K0
S
π+π− á ñS=}ù7ð ì ò8o|òcùDó á 2 ð·o}òMR�òQòcùf7fò85ÃÁjo}òQú�� î�ì n á ó 2 ò@ò_ý î ò ë óUòQú D0 → K0

L
π+π−

í
ñ�ò ì úsò_ý î ò ë óUòQú ñ�ù17Qn�ù á ¸ p à�ú7ð�ó�ð�·�; ì�ì6ë n,ó á 2 ð·o|òERbòcòQù ð î,î�ì ñ�òcúu·



Ü A�ð
ô$2 ò{¬£ejej��i��~�'ÆGe!{ -OWY� ñ á ð á ó�ðhù�ú7ð�7Púê¬£ejej�O}~� -OW :�ú�ò + ù�òcú"RDí ë µ�·H�_·�A �

RooDstD0BG =

(

∆m

∆m0

)a

×
(

1 − e−(∆m−∆m0)/c
) ¹?�_·�A�»

¢ 2 ò<7fò a ð|ù�ú c ð�7fò � 7Pòcò á 2 ð î ò î ð�7Uð�5ròQófò<7 á Á � ó 2 ò + óoð|ù�ú ∆m0 = 0.13947 ñ á ð + ý�òcúî ð�7Uð�5ròQófò<7ª·ô$2 òT¤%| ² � z �   e�h<ª � n,ù ë ófñÂÁ}ùsñ á�á ñS5rñ ì ð�7�ópÁ ë µE·H�_·r¸!Á �FN ò ë ó¢·��_·�A�·�A�·��;óOñ á ú,ò + ù�òQú�ð á �

UnNamedBkg = (∆m− ∆m0)
A × e−B(∆m−∆m0) ¹?�_· Ü »

¢ 2 ò<7fò A ð|ù�ú B ð�7Pò � 7fòcò á 2 ð î ò î ð�7fð�5ròQóUò87 á Á � ó 2 ò + ó�ð|ù�ú ∆m0 = 0.13947 ñ á ð + ý�òcúî ð�7Uð�5ròQófò<7ª·
s�ð�7PñÂÁ�n á óUò á ó á�á 2 Áj¢�òcúzó 2 ðhóIó 2 ò»¤%| ² � z �   eLh<ª � n�ù ë óUñ¨Á}ù�ñ á ù�Á|ó$ð ëcë ò î óUð�R ì ò�R�ò ë ð�n á ò

ñÆó�5{ð o ò á ó 2 ò + óº¢£7ÊÁ}ù�= ì íyñ�ú,òcùDóUñ � í�ñ�ù�= ∼ Ü x Á � R7ð ë_o =�7ÊÁ�n�ù�úCò8o|òcùDó á ð áÌá ñS=}ù�ð ì · ô$2 ñ áî 7pÁ�R ì ò<5 ú,ñ�úpù�Á|ó á 2 Á´¢�n î ¢@ñÆó 2 ó 2 ò�¬£ejej��i��~�'ÆGe!{ � n�ù ë óUñÂÁ|ùu· ô$2 òb=�Á�Á
ú�ù�ò ápá Á �q+ ójñ á ð ì á Á
RbòQóPóUò87Z¢@ñ�ó 2 ¬Mejej�Zi�� �'ÆGe/{�ó 2 ð|ùÌ¤#| ² � z �   e�h<ª���ð á ñ ì�ì n á ó07fðhóUòQú ñ�ù&:dñS=�·��_·r¸�¸�ð|ù,ú&�_·¨¸´AL·ô$2 ò á ð�5ròbR�ò 2 ð·o�ñ¨Á�7[¢Ið á Á�R á ò87Qo|òcú�ñ�ùoó 2 ò K0

S á ð�5 î�ì ò���ò8o|òcù�ó 2 Á�n�= 2 ó 2 ò î 7pÁ�R ì ò<5 á 2 ð|ú�ð
á 5{ð ì�ì ò878ñS5 î ð ë ó á ñ�ù ë ò@ó 2 ò D0 → K0

S
π+π− á ð�5 î�ì ò=ñ á ëcì òcð|ù�ò87�ó 2 ð|ùró 2 ò D0 → K0

L
π+π−

á ð�5 î�ì ò�· 
 òQù ë òs��¢Iò ë Á}ù ëcì n�ú�òWó 2 ðhó'Á}ù ì í,¬£ejej��i��~�'ÆGe!{(ñ á ð|ù�ð ëQë ò î ó�ð�R ì ò>R o = -OW : � Á�7
ó 2 ñ á�á ó0n�ú�í��bð|ù�úsú�ñ�ú�ù�Á|ó ë Á}ù á ñ�ú�ò87fòQú�ó 2 ò3¤#| ² � z �   e�h<ª � n�ù ë óUñ¨Á}ù � n�7Pó 2 ò<7ª·

:ÛÁ�7jó 2 ò á ñS=}ù7ð ì �j¢Iò 2 ðjo|ò$ó07Pñ�òcú � ð á ñ�ù�= ì ò���ú�Á�n�R ì ò=ð|ù�ú1ó�7fñ î�ì ò�åoðsn ápá ñ�ð|ù��|ð|ù�ð á í@5�òMó07fñ ë
åpð�n áÊá ñ�ð|ù��Dð|ù,úró 2 ò á n�5òÁ � ð á í@5f5�òMó07fñ ë$î�ì n á ð|ùrð á í@5ròQó07Pñ ë åpð�n áÊá ñ�ðhù á · ô$2 òOð á í@5�òMó07fñ ë
åpð�n áÊá ñ�ð|ù á ¢Iò87fòOú�ñ á ë ð�7Pú�òcúºR�ò ë ð�n á òóÁ � ó 2 òcñ�7IÁ´o|ò<7 á òcù á ñ�ófñ�o
ñ�ó]í�ópÁpñ�ù�ñÆóUñ�ð ì ohð ì n�ò á ¹ + ó á ¢Iò87fò
á Á�5ròQóUñ�5�ò á ù�Á|ó[ò8o}òQù ë Á}ù	o|ò<7�=|ñ�ù�=�ñ�ù+ó 2 ò K0

S á ð�5 î�ì òG»i· ô$2 ò�ó07Pñ î�ì òÌåoðsn ápá ñ�ð|ù3¢$ð á ð ì á Á
ú,ñ á ë ð�7fú,òcú�R�ò ë ð�n á ò'Á � ñ�ó á n�ù7ð ëQë ò î ó�ð�R ì ò á òQù á ñÆóUñ�o
ñÆó]í'óËÁWó 2 ò$5�ð�ý�ñS5�ð ì ¢@ñ�ú,ó 2 Á � ó 2 ò�¢@ñ�ú�ò87
åpð�n áÊá ñ�ð|ù�ð|ù�ú�ñÆó á óUòcù,ú�òcù ë íyóËÁ ñ�ù ëQì n�ú�òºR7ð ë_o =�7ÊÁ�n�ù�ú�ò8o|òcùDó á · ô$2 ò á ñ�ù�= ì ò{ð|ù,ú�ú�Á�n�R ì ò
åpð�n áÊá ñ�ð|ù á R;Áhó 2 á ðhófñ á + òcúró 2 ò ë 7Pñ�ófò<7fñ�ðÖÁ � ù�Á|óF¢£7pÁ}ù�= ì í�ñ�ù ëcì n�ú�ñ�ù�=>R7ð ë_o =�7ÊÁ�n�ù�ú�ò8o}òQùDó á ñ�ù
ó 2 ò á ñ�=}ù7ð ì í
ñ�ò ì úu· 
 Áj¢�ò8o}ò87<�7ó 2 ò á ñ�ù�= ì òY=Dð�n áÊá ñ�ð|ù ì ð�7Q=}ò ì ífn�ù�ú�ò87fò á óUñ�5{ðhófò�ó 2 ò�7fòcð ì á ñ�=}ù7ð ì
í
ñ�ò ì ú��6ð|ù�ú 2 ð á ð�5'n ël2 ¢�Á�7 á ò�=�Á�Á
ú�ù�ò ápá Á �F+ ó~ó 2 ð|ù�ó 2 ò�ú�Á�n�R ì ò�åpð�n áÊá ñ�ð|ù��6ð á ë ð|ùêRbò
á òcòQùaÁ}ù,:dñ�=�·��_·r¸ Ü ð|ù�ú1�_·¨¸¢à�·
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Sig: 0 +- 242

Bkg: 160637 +- 117

/dof: 1.7178112χ

 m (KL MC)∆

�7�q��� �_·r¸�¸ z ¬Mejej�Zi�� �'ÆGe/{ ¶ ú�Á�n�R ì òJåpð�n áÊá ñ�ðhù + ó�ópÁXR7ð ë_o =�7pÁ�n�ù�ú�ò8o|òcùDó á Á}ù ì íÕ¹?7Qn�ù á¸ p à *»� »i· ô$2 ò + ó'ú�Á
ò á ù�Á|ó + ù�únð|ùDí á ñS=|ù7ð ì �6ð á ñÆó á 2 Á�n ì úu· ô$2 ò + ó χ2 ñ á =�Á�Á
úu· ô$2 ñ áñ á ó 2 ò ë Á�5'R�ñ�ù7ðhófñÂÁ}ùÃÁ �¶-OW :¹n á òcú � Á�7Ió 2 ò ë òQùló�7Uð ì ohð ì n�ò á ·�; ì�ì5ë n,ó á 2 ð·o|òERbòcòQù�ð î�î�ì ñ�òcúu·ô$2 ò ëb*»� ë ð|ù�ú,ñ�ú7ðhófò á'á ò ì ò ë óUñ¨Á}ùX¢$ð á Ecal > 0.05 GeV ·

 òcù ë ò��=ó 2 ò ë Á�5'R�ñ�ù7ðhóUñ¨Á}ùèÁ � ð�ú�Á�n�R ì òºåoð�n ápá ñ�ð|ù � Á�7 á ñ�=}ù7ð ì�-bW : ð|ù,ú?ð ¬£ejej��§

i��~�'ÆGe!{ � Á�7�R7ð ë_o =�7ÊÁ�n�ù�ú -OW :(ð î�î òLð�7 á ópÁ"Rbò�ó 2 òº5ÌÁ á óB7PòLð á Á}ù�ù7ð�R ì ò ël2 Á}ñ ë ò � Á�7oó 2 òë òcùDó07fð ì ohð ì n�ò á · ô$2 ò ë Á�5BR�ñ�ù7ð�óUñÂÁ|ùÚÁ � ð á ñ�ù�= ì ò�åoð�n ápá ñ�ð|ù�ð|ù�úrðE¬£ejej��i��~�'ÆGe!{ ñ á n á òcú�óËÁ
ò á ófñS5�ðhóUò á í á óUò85{ðhófñ ë ò<7Q7pÁ�7 á ·H; ì�ì Á|ó 2 ò<7 ë Á�5'R�ñ�ù�ðhóUñ¨Á}ù á Á � á ñ�=}ù7ð ì ðhù�ú"R�ð ë_o =�7pÁ�n,ù�ú -OW :
ðs7fò~ú�ñ á ë ðs7fú�òQúu·ô$2 ò ë Á�5 î�ì òQófò -bW :�ñ á =}ñ�o|òcù1RDí ë µE·C�_·âà �

PDF = Nsig·(f ·NarrowGaussian+ (1 − f)WideGaussian)×Nbkg· ¬Mejej�Zi�� �'ÆGe/{ .
¹?�_·âàZ»ô$2 òpó�¢�ÁÞåoð�n ápá ñ�ð|ù á ð�7Pò � Á�7 ë òcúsóËÁ 2 ð·o}ò~ó 2 ò á ð�5rò>5�òcð|ù���¢ 2 ñ ël2 ñ á ð ì�ì Áj¢�òcúzóËÁ{ohð�7Pí^RDí

ð î�î 7pÁLý�ñS5�ðhófò ì íê¸ ö á ñ�=�5�ð á � 7pÁ�5 ó 2 ò ë òcùDó07fð ì ohð ì n�ò¤Á�R,ó�ð|ñ�ù�òcú�Á}ù á ñS=}ù7ð ì%*»� ·
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Sig: 5083 +- 553

Bkg: 155556 +- 677

/dof: 2.7334812χ

 m (KL MC)∆

�7�q��� �_·r¸´A z W ñ á ë ð�7fú,òcúõ¤%| ² � z �   e�h<ª3R7ð ë_o =�7pÁ�n�ù�ú � n�ù ë óUñ¨Á}ù ¶ ú�Á�n�R ì ò�åpð�n ápá ñ�ð|ù + óópÁ{R7ð ë_o =�7ÊÁ�n�ù�úsò8o|òcùDó á Á}ù ì í�¹?7�n,ù á ¸ p à *»� »i· ô$2 ò + ó�¢£7pÁ|ù�= ì í�ñ�ú,òcùDóUñ + ò á ∼ Ü x Á � R7ð ë_o�p=�7pÁ�n�ù,ú ò�o}òQùló á ð á¤á ñS=|ù7ð ì ò�o}òcùDó á ¢ 2 ñ ì ò'ó 2 ò<7Pò�ð�7fò�ù�Á}ù�ò���ðhù�ú�ó 2 ò + ó χ2 ñ á ì ð�7�=|ò<7�ó 2 ð|ù¢@ñÆó 2 ðX¬£ejej��i��~�'ÆGe!{ô¹?:dñS=��_·r¸�¸�»i·C; ì�ì	ë n,ó á 2 ð·o}òER�òQòcù�ð î�î�ì ñ�òcúu· ô$2 ò ëb*»�?ë ð|ù�ú�ñ�ú7ðhóUò áá ò ì ò ë ófñÂÁ}ùX¢Ið á Ecal > 0.05 GeV ·
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Sig: 39207 +- 336
Bkg: 8521 +- 286

/dof: 3.3277222χ

 m (KL MC)∆

�7�q��� �_·¨¸ Ü z ¬Mejej�Zi�� �'ÆGe/{ ¶ ú�Á�n�R ì ò�åpð�n áÊá ñ�ð|ù + ódóËÁ�ó�7�n,ó 2qp 5�ðhó ël2 òcú á ñS=}ù7ð ì�ë ð|ù�ú�ñ�ú7ðhóUò áÁ|ù ì íê¹ 7�n�ù á ¸ p à *»� »ß·q�;ó�ñ á ù�Á�7Q5{ð ì ó 2 ðhóIð � 7Uð ë óUñ¨Á}ùÌÁ � ó 2 òOó�7�n,ó 2qp 5�ðhó ël2 òcú á ñS=}ù7ð ì K0
L
ú�Á

ù�Á|ó î òcð o ð|ù�ú 2 òcù ë ò�ñ á ù�Á|óSñ�ú�òQùlófñ + òQú'ð áfá ñS=}ù7ð ì RDíoó 2 ò î òcð o ñ�ù�= á ñ�=}ù7ð ì	-OW :�· U ó 2 ò<7 ¢@ñ á òs�ó 2 òrú�Á�n�R ì òÃåoð�n ápá ñ�ð|ù á ì ñ�= 2 ó ì ían�ù,ú�ò<7Pò á ófñS5�ðhóUò�ó 2 òf7PòLð ì ð�5ÌÁ�n�ùDó/Á � á ñ�=}ù7ð ì ñ�ù ó 2 ò ∆mî òLð o �qR�n,ó=ó 2 ò á ñÆó0n7ð�óUñÂÁ|ù{ñ á 5'n ël2 RbòQófófò<7$ó 2 ð|ù�¢@ñ�ó 2 ð á ñ�ù�= ì ò¤åpð�n ápá ñ�ð|ùÑ¹K:dñ�=B�_·r¸SàZ»i· ô$2 ò+ ó χ2 ñ á ð ëcë ò î óUð�R ì ò�· ô$2 ñ á ñ á ó 2 ò ë Á�5'R,ñ�ù7ðhófñÂÁ}ùJÁ �¨-OW :Tn á òcú � Á�78ó 2 ò ë òQùDó07Uð ì ohð ì n�ò á ·6; ì�ìë n,ó á 2 ð·o|òERbòcòQù�ð î�î,ì ñ�òQúu· ô$2 ò ëb*»� ë ð|ù�ú,ñ�ú7ðhófò á'á ò ì ò ë óUñ¨Á}ùX¢$ð á Ecal > 0.05 GeV ·
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KL MC
Sig: 33581 +- 216

Bkg: 14137 +- 166

/dof: 11.8748432χ

 m (KL MC)∆

�7�q��� �_·¨¸¢à z ¬£ejej��i��~�'ÆGe!{ ¶ á ñ�ù�= ì ò�åpð�n áÊá ñ�ð|ù + ó�óËÁoó07Qn,ó 2qp 5{ð�ó ël2 òQú á ñ�=}ù7ð ì!ë ð|ù�ú�ñ�ú7ðhóUò áÁ|ù ì íê¹ 7�n�ù á ¸ p à *»� »ß·q�;ó�ñ á ù�Á�7Q5{ð ì ó 2 ðhóIð � 7Uð ë óUñ¨Á}ùÌÁ � ó 2 òOó�7�n,ó 2qp 5�ðhó ël2 òcú á ñS=}ù7ð ì K0
L
ú�Áù�Á|ó î òcð o ð|ù�ú 2 òcù ë ò�ñ á ù�Á|ó�ñ�ú�òQùDóUñ + òcú�ð á�á ñS=}ù�ð ì RDí�ó 2 ò î òLð o ñ�ù�= á ñS=}ù7ð ìH-bW :�· 
 Áj¢Iò�o}ò87<�ó 2 ò á ñ�ù�= ì òêåpð�n ápá ñ�ð|ù ì ð�7Q=}ò ì í¥n�ù,ú�ò<7Pò á ófñS5�ðhóUòsó 2 ò"7PòLð ì ð�5ÌÁ�n�ùDóÌÁ � á ñS=}ù7ð ì ñ�ù�ó 2 ò ∆mî òLð o · ô$2 ò + ó χ2 ñ á î Á�Á�7¢·�; ì�ì�ë n,ó á 2 ð·o}òMRbòcòcù�ð î�î,ì ñ�òQúu· ô$2 ò ëb*»�Cë ð|ù�ú�ñ�ú7ðhófò áAá ò ì ò ë óUñ¨Á}ù¢Ið á Ecal > 0.05 GeV ·



Ü�Ü à
�_· r ·�� ë ý
ó�7Uð ë óUñÂÁ|ùêÁ � pK0 � θK0 ð|ù�ú Ecal á î ò ë ó07Uð

ô$2 ò á ñS=}ù7ð ì K0
L
ð|ù�ú K0

S
��eD�(���jí
ñ�ò ì ú á ð�7fò~ú�òMóUò87�5rñ�ù�òQú � 7pÁ�5 ∆m

+ ó áóá 2 Áj¢@ùêÁ|ù1:dñS=�·
�_·äã{óËÁX�_·r¸ ö · 
 Áj¢Iò�o}ò87<�	óËÁ.Á�R�ó�ð|ñ�ù�ó 2 ò ë Á�7�7Pò ë ófñÂÁ}ù á Á �LN ò ë óS·¨�_· r ·r¸���¢�ò ÿ 7fò�ù�Á|ó�n ì óUñ�5{ð�óUò ì í
ñ�ùDóUò<7Pò á óUòcúfRDí1ó 2 ò á ñS=|ù7ð ìuÿ á ∆m ú�ò á ó07fñ�R�n,ófñÂÁ}ù{R�n�óORlí1ñ�ó á 5ÌÁ�5ròcùDó0n�5õ¹ pK0 »­� î Á ì ð�7dð|ù�= ì ò
¹ θK0 »�ðhù�ú ëb*»� òcù�ò87�=|í�¹ Ecal » á î ò ë ó�7Uð�·��]ù+ð|ú�ú�ñÆóUñÂÁ|ù��7ó 2 ò á ñS=|ù7ð ì[-bW :#ð á ð � n�ù ë óUñ¨Á}ù
Á � pK0 � θK0 Á�7 Ecal ñ á �fm�g­}(eDg�}Zn�ù o ù�Áj¢@ùyñ�ù+ó 2 òº7PòLð ì ú7ðhóUð�· ô$2 ðhó ÿ á ó 2 ò�ó]í î ñ ë ð ì n á òë ð á ò � Á�7Zil�¾�SeD�~i �����
	���öÝ òJÁ�R,óUð|ñ�ùØí n © R,ñ�ù á 2 ñ á ópÁ�=�7fð�5 á Á � ó 2 ò pK0 � θK0 Á�7 Ecal ¸ W á î ò ë ó07Uðq�	ð á ¢�ò ì�ì ð á
ðhùÇí n × m © R�ñ�ù á A W pK0 o á Ecal á î ò ë ó�7�n�5 � 7pÁ�5 ¹³Á}ù ì í�»¤Á}ù�ò ∆m

+ óBo
ñ�ð�ð|ùxil�¾�SeD�î 7pÁD�Pò ë óUñ¨Á}ùa5�ð|ú�ò�¢@ñ�ó 2 ó 2 òfd v#u �L�SeD�=ópÁ�Á ì Á � ó 2 ò�¬�k	k	�O}~�~k	k î ð ë_o ð�=}ò�· ô$2 ñ á î 7ÊÁ ë òcú�n�7fò
=|ñ�o}ò á µ6n�ñ�ófò á 5�ð ì�ì ò<7 á ó�ðhófñ á óUñ ë ð ì ò<7�7ÊÁ�7 á ó 2 ð|ù á n�R�ú�ñ!o
ñ�ú�ñ�ù�=ÑÁ�n�71ú�ðhó�ð á òQó�ñ�ùlópÁêí n © ñ�ù�ú�ò pî òcù,ú�òcùDó á ð�5 î,ì ò á ¢ 2 ò87fò{ó 2 òÌí n © ∆m ú�ñ á ó07PñSR�n�óUñÂÁ|ù á ¢�Á�n ì ú¥Rbò + óPóUòQúyñ�ù�ú,ò î òcù�ú�òQùDó ì í��
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