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b,0
FB = 0.0978 ± 0.0030(

°6«Ó¯R«aÒ
) ± 0.0014(

°6½3°6«aÒ
)

:_+3D8-¨ð0ñ�ò�CE-0/Ró
$Oô.õ�/Rð*ö�+3ðe #$�÷Ù1.2.234Tø�ù®ô.ú´û�/RDçü(ô.DEó
"L$ý1@23234[ø�=z)(ù!"%ü

þ³ÿ��������	��
������������������	�����������
��� �!�#"�$&%('�)�)	��
�����*+���,"��!��$-�����(.0/�/1.32�45��6�798�2:/�;�4<%='�)�)>�0
?���:*@�>AB��
�CD�:���
EGFIHKJ1LM�NFPOQ7�.32�.�.RAB�����0�G�#2�S���T�UQV��W0��
�*�����X
Y�Z\[ �K���5��V�]��*V��������0� Z ���?��V��'5�3��J^%`_QObac�������0�^�>T�"�CdCe�0
?$f�0*�X��!��
��������M.08���6�7hg�2:/�g�iMac�������0�^�>AB��
�CD�:���
j0Z ���?��V��'5�1$fk�
1Hml5) [�n ��
���)����5��V�N�5�1������0
���V��o]� n ��
�*��?
�'��������p"��!��$-������i�;�q�/��56�7!4:i�.32�q n ��
�*��?
�'�������AB��
�Cd�����



� � QßJfMOU×j
Y
]gJLPhUiQ

�*û�/��B/Rô��0CEð0/��×/RD8-���+@ö�-0û�/eò
	�Cçô.ð��iö�+3ð�Kô.ðÀó�56ò�ô.ú���Kô.ðÀó�ô������
�×/V-0ð���ô@-�-0û�/��Tõ�+���/*õ�ð0+���ñàó�/*-0û�/�×+��À-ªõ�ðÀ/RúVñ��0/�ó�/h-¨/Vð��×ñàDçô@-0ñà+3DÙ+.ö
sin2θ`

eff

ô@-X"L �$��L=ç+3ð!õ�C�ðÀ/
� /��Eú´û�ô.D��3/Bô.D�óo-¨+ ��+!g/��Ó-X+3ð0ó�/Vð-¨ûE/�ö�+3ð�Kô.ðÀó�56ò�ô.ú���Kô.ðÀóÛõ�+��à/�ô������"�B/h-¨ð��T+.ö(ò#	�Cçô.ð����VF
A0,b

FB

F�úRô.DÛò�/$eðÀñ�-0-0/RD
ñàD
-0/Rð��
�(+.öz-0û�/�3/VúV-0+3ð�ô.D�ó ô%��ñàô��t5&�3/Rúh-¨+3ðXúR+.C�õ��àñ�D�����+.öe-¨û�/�ñ�D�ñ�-0ñ�ô���/'�à/VúV-¨ðÀ+3D��Tø
ve, ae

üiô@D�ó -¨û�/
(çDçô��gò)	�C�ô.ð��*�ø
vb, ab

ü,+

A0,b
FB =

3

4

2aeve

a2
e + v2

e

2abvb

a2
b + v2

b

ø�-�ü
&,ñ.�3û�/Vð%+.ð0ó�/VðO/���/Rúh-¨ð0+�g/�ô��ªúV+3ð0ðÀ/RúV-0ñà+3D/�Oô.ðÀ/�-¨ô��./VD;ñàD8-0+®ô.úVúR+3CED�-Oò��0�×/�ô@D��d+@ö�ô.Diñ.�BõEð0+��3/Vó21_+3ðÀDô.õ�õEð0+3��ñ��Bô@-¨ñ�+3D546-,7 F8eû�ñ�ú´û9��/�ô3�3/'�X-0û�/×ô.ò�+��./BðÀ/���ô�-¨ñà+.DoC�D�ú´ûçô.D/�3/Ró�Fdò�CE-Xó�/,(çD�/��ª-¨ûE/
�×+�óEñ.(ç/VóúR+.C�õ��àñ�D����Xø

āf
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MON�� QSRUTWVYX[Z]\]\0^�_`\ T����d^�T _����	�dZ�
�^ V�� Z X[^�e]_ X[ecV Z]_`f� T��]T _ X��
�*û�/*ò�5 -´ô����3ñàD����0/'�à/Rúh-¨ñ�+3Dß/'H×úRñ�/RD�úVñà/'�zö�+3ðOò×ô.D�óßú_/'�3/VD8-E�gô.ð0/KúRô��àñ�ò�ð¨ô�-¨/Ró;ô@ö¹-¨/Vðd-¨ûE/K-¨C�D�ñ�D��!+.ö�-0û�/ð0/'�0+���CE-¨ñ�+3D�F�eû�ñ�ú´ûZ�Üô@ñàD��6�ß/':�/Rúh-E�_-0û�/®/,HBúVñà/VD�ú'�×-¨+0�0/���/Rúh- �àñ.�3û8-J	�C�ô.ð�� W�ô3�3+3CEð���� �*ûE/ �0/'�à/Rúh-¨ñ�+3D/'H×úVñà/RDEúRñà/'�

εi

�×+�óEñ�ö �;-0û�/®ö�ð¨ô@úV-¨ñ�+3D���+.ögò�FEú�ô@D�ó�C�ó��_/'�3/VD8-E�RF�eûEñàú´ûTô.ðÀ/®ñàDEñ�-¨ñàô����6��-0û�/,ö�ð0ô.úV-0ñà+3D/�+.öXò ô.DEó úÜ/,�3/RD8-��ßõ�ð0+�ó�C�úV/Ró ñàDrûçô.ó�ðÀ+3D�ñ�ú
Z
óE/Rú�ô3���RF

Rb

ô.D�ó
Rc

�<�*û�ñ.�;ô.õ�õ/�àñà/'�c�àñ��@/'eñ.�0/B-0+û�/'�Bñ.�0õ�û�/Vð0/'�RFOeû�/Vð0/Ü-0û�/Bö�ð0ô.úV-0ñà+3D eñ�-0û �������	�������9�@ô.ðÀñ�ô.ò���/
x
��ô.ð��3/Rð�-¨û�ô.D=�À+��B/BúRCE-0�@ô��àC�/

x0ú�ô@D
ò�/Xeð0ñ�-À-¨/VD
ô>�RF
Nx>x0

N tot
= Fx>x0 = Rb · εhem.

b + Rc · εhem.
c + (1 − Rc − Rb) · εhem.

uds

ø � ü
eû�/Vð0/

N tot
ñ��g-¨û�/�ñ�D�ñ�-0ñ�ô��çD�C��;ò�/Rð*+@ödûE/��×ñ��0õEû�/RðÀ/��eô.D�ó

εhem.
j

-0û�/X�0/'�à/Rúh-¨ñ�+3D�/'H×úRñ�/RD�ú,��ö�+3ðK/Rô.ú´ûW�ô3�3+.C�ð��#'6D[ó�/V-¨ô.ñ���F
εhem.
c

ñ��*-¨ûE/X/,H×úRñà/VD�ú'�Ü-¨+�-´ô��×ôßð0/Rô���úª/'�./RD8-!û�/'�Bñ.�0õ�ûE/Rð0/Xô��eô *Rò ,��÷�ñàDEúR/×/�ô.ú´û /,�3/VD�-;ûçô��i1Tû�/'�Bñ.�0õ�ûE/Rð0/'�RF �ÀC�ú´û ô �0/'�à/Rúh-¨ñ�+3D�ó�/,(çD�/'��-¨ûEð0/R/Bó�ñ.:�/RðÀ/RD8-0��ñ�D�ó��X+.ö/'�./RD8-3+��L��%�d���ßò�5 -´ô>���3/Ró×/'�./RD8-E� eûE/Rð0/,ò�+@-¨ûÜûE/��×ñ��0õEû�/RðÀ/��_û�ô��./!ô �������	�������"�.ô>�àC�/eò�ñ.���3/Rð�-0ûçô.D-¨ûE/N�0/���/Rúh-¨ñà+.D�56úVCE-�F�~����L�����ªò�5 -¨ô����3/Vóß/'�./RD8-E�Ceû�/RðÀ/e+3D��.��+3D�/*ûE/��×ñ��0õEû�/RðÀ/*ñ�� ��ô@ð��3/Vðd-¨û�ô.Dß-¨û�/*úVCE-ô.D�óB�L�ò�5 -¨ô����3/VóB/,�3/VD�-��Aeû�/Vð0/,ò�+.-0û�û�/��×ñ��Àõ�û�/RðÀ/��gô.ð0/eò�/���+!?-¨û�/��0/'�à/VúV-¨ñ�+3D�úRCE-�� �*û�/eö�ð¨ô.úh-¨ñà+.D+.ödó�+3C�ò/�à/.F/�0ñàD/���à/ªô.DEó
D�+�5 -´ô>���3/RóTô@ð0/�-¨û�/Vð0/hö�+3ð0/@F
Fd = Rb · εb

d + Rc · εc
d + (1 − Rc − Rb) · εuds

d ø 7.ü
F s = Rb · εb

s + Rc · εc
s + (1 − Rc − Rb) · εuds

s ø�>3ü
Fn = Rb · εb

n + Rc · εc
n + (1 − Rc − Rb) · εuds

n.
ø 9.ü

1A�ró�/'(�D�ñ�-0ñà+3D ∑
j F j = 1

ô.DEó �0+o+3D/�.�Þ-L_+o+@ö(-0û�/��À/�/�	�Cçô�-¨ñà+.D��ßô.ðÀ/�ñàD�óE/Rõ�/RD�ó�/VD8-3� �*û�/Z�À/h5�à/VúV-0ñà+3DT/'H×úVñà/RDEúRñà/'�,+@öO-¨ûE/ª-0û�ð0/V/�óEñ.:�/Rð0/VD8-S��ñàDEó��e+.öz/,�3/RD8-®ó�/Rõ�/RD�ó
+3DT-¨û�/Xõ�ð0+�ó�C�úh-(+.öO-0û�/X-Lg+û�/'�Bñ.�0õ�û�/Vð0/0�0/���/Rúh-¨ñà+.D
/,HBúVñà/VD�úRñ�/��!ô@D�óÙ-¨ûE/�úV+3ð0ðÀ/���ô�-¨ñà+.DT-0ûçô@-,/,��ñ��Ó-E�,ò�/h-L_/V/RDo-¨û�/'�V�N�*ûEñ��(úR+3ð³5ð0/'��ô@-0ñà+3DÖF
λ
F8ñ.�#ô����ÀC��×/Ró�-¨+ªò�/N��ñàD�/Rô.ð�ô.DEó×ñ.�#ô!ö�C�D�úV-0ñà+3D�+.ö�-¨ûE/(ûE/��×ñ��0õEû�/RðÀ/N�0/���/Rúh-¨ñà+.D×/,H×úRñà/VD�ú'���'6D�+3ðÀó�/Rð�-¨+�ð0/��×+��3/®-0û�/®óE/Rõ�/RD�ó�/VD�úR/�+.DÜ-¨û�/,/'H×úRñ�/RD�ú,�B-0û�/!úV+3ð0ðÀ/���ô�-¨ñà+.D×ñ.�_ðÀ/��0úRô��à/VóÜ-¨+

k
eû�/Vð0/

k = ε·λ
(1−ε)

�
k = 0

ñ.�Bõ/�àñà/'��-¨û�/_û�/��×ñ��Àõ�û�/RðÀ/��Oô.ð0/KCED�úR+3ðÀð0/'��ô@-0/Ró0eûE/Rð0/Rô��
k = 1

�B/Rô.D��%-¨ûçô@-d-¨û�/û�/'�Bñ.�0õ�û�/Vð0/'�iô.ðÀ/;ö�C����6�ÛúV+3ð0ðÀ/���ô�-¨/Ró �"�*ûE/Bó�/Võ�/VD�ó�/VD�úR/B+.ög-0û�/�/'�./RD8-;/,HBúVñà/VD�úRñ�/��X+3Do-¨û�/"�0ñ�D����à/û�/'�Bñ.�0õ�û�/Vð0/2�À/���/RúV-0ñà+3Do/,H×úRñà/VD�ú'�Ûô.D�óÞû�/'�Bñ.�0õ�û�/Vð0/;úV+3ð0ðÀ/��àô@-¨ñ�+3D
k
ñ.� �3ñ6�3/RDoò�/���+� eûE/Rð0/ßñ�D�ó�/��

j
ðÀC�D��(+��3/Rð*-0û�/�-¨û�ðÀ/R/cW�ô3�3+3C�ðeú'��ô����0/����çò�FçúXô.D�ó[C�ó��'�

εd
j = εhem.

j kj + (εhem.
j )2(1 − kj)

ø �3ü
εs

j = 2εhem.
j (1 − kj) − 2(εhem.

j )2(1 − kj)
ø �3ü

εn
j = 1 − εhem.

j (2 − kj) + (εhem.
j )2(1 − kj) .

ø�-�23ü
�*û�/ �×/V-0û�+�óÜñàD��.+��.�./��_�À+��.��ñ�D��i/'	�C�ô@-¨ñ�+3D���ø�73ü65aø 93üOö�+3ð

εhem.
b

ô.DEó
εhem.
c

eñ�-0ûB-0û�/®ðÀ/Rõ��àô.úR/'�B/VD�-_+.ö
-¨ûE/Y�B+�ó�ñ.(�/RóÛ/,HBúVñà/VD�úRñ�/���+.ö�/�	�Cçô�-¨ñà+.D���ø �3ü65hø -�28ü��$�*ûE/Y�0+���CE-¨ñ�+3DÛ+3òE-¨ô.ñàDE/Róo+3DT�Àñ��;C��àô@-¨/VóÛóçô@-¨ô��ñà/'�àó��i-0û�/�úV+3ð0ðÀ/���ô�-¨ñà+.D��

kj

ò*�=�0+��6��ñàD��Û/'	�Cçô@-¨ñ�+3D��[ø �8ü65aø�-�28ü��o=ç+3ð;ðÀ/�ô��góçô@-´ô�Fz-¨û�/�ö�ð0ô.úV-0ñà+3D���+.öó�+3CEò��à/a5´F��ÀñàD�����/h5�ô.D�óTD�+@5 -´ô����./RóT/'�./RD8-E�,ô.ð0/X�×/�ô>�0C�ðÀ/Ró�Fçò�C�-*-¨û�/ª/'H×úVñà/RDEú'��ö�+3ð*CEó��e/'�3/VD8-E�,ô.D�ó-¨ûE/
kj

ô.ð0/�-¨ô��./VD ö�ðÀ+�� �0ñ��iC���ô@-0ñà+3D �T�*û�ñ��Y�×/V-0û�+�ó)�×/�ô>�0C�ðÀ/��ß-¨û�/K�À/���/RúV-0ñà+3D /,H×úRñà/VD�ú'��ö�+3ð;òô.D�ó�úeû�/'�Bñ.�0õ�û�/Vð0/'��óEñàð0/VúV-��.� eñt-¨ûß-¨ûE/(ó�ô@-´ô/� �*û�/eð0/'�0C��t-¨ñàD/�X/,H×úRñà/VD�úRñ�/��#ú�ô@D�-0û�/RD×ò�/(úV+��×õçô.ð0/Vóeñ�-0û;-¨û�/_úR+3ðÀð0/��Àõ�+.D�ó�ñàD/�X	�C�ô.D8-¨ñ�-0ñà/'�zñàDi-0û�/N�0ñ.�;C��àô@-¨ñ�+3Diô@D�ó�ô!úR+3ðÀð0/VúV-¨ñ�+3D;ö�C�D�úh-¨ñ�+3Diö�+3ð��B/Vó;ö�ð0+��ô.D��ÛóEñ.:�/Rð0/VD�úR/Y�À/R/VD;�0�*ûEñ��!ö�C�D�úh-¨ñ�+3DÛñ��,-¨û�/VDÝC/�0/Róo-0+�ò�ð0ñ�D��Ü-¨ûE/Y�0ñ��iC���ô@-0/RóÛòÞô@D�óoúY�0/'�à/Rúh-¨ñ�+3D/'H×úVñà/RDEúRñà/'�;ñàD8-0+oô��3ðÀ/R/��×/RD8-2eñt-¨û�-0û�+��À/Z�B/Rô��0CEð0/Ró ñ�D ð0/Rô��_ó�ô@-´ô/�#�*û�/�úR+.ð0ð0/VúV-0ñà+3D ñ.��ö�+3ð��B/Vóô.D�ó
ô.õ�õ/�àñà/VóK�0/Võçô.ð¨ô�-¨/��6��ö�+3ð*ò[ô.D�ó[úªû�/��×ñ��Àõ�û�/Vð0/��'�
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MON�� QSRUT �<e � � T � X[^,e]_����U_�� X[^,e]_
ùS�×+3D��,-¨û�/*ó�ñ6:Ö/Vð0/VD�-C�Ó-¨/Võ��z-¨+�úRô��àñ�ò�ð¨ô@-0/Kô.DEóY�B/Rô��0C�ðÀ/K-¨û�/*òY�À/���/RúV-0ñà+3Dß/,H×úRñà/VD�ú'�.F�+3D��.�X-¨ûE/*õ�ð0/a5��ñà+3C/���.�×ñ�D�-0ð0+�ó�C�úV/Ró�ó�+3CEò��à/,ò�-´ô��2�×/V-0û�+�óK�3ñ.�./��*ô.úVúR/'���K-¨+�-¨û�/�ú!/,H×úRñà/VD�ú'�Ü+3D�ðÀ/�ô���óçô@-´ô � �*û�/�×/�ô��ÀC�ð0/VóÙúc�0/'�à/Rúh-¨ñ�+3D
/,H×úRñà/VD�úRñ�/��(ñàD �0ñ.�;C��àô@-¨ñ�+3D�ô.D�ó
ð0/Rô��fóçô@-¨ôBô.ðÀ/c�0û�+�eDÙñ�D[-0û�/ªC�õ�õ�/Rð(õçô.ðÓ-+.öO=Oñ��.C�ð0/ª1;ö�+3ð_-0û�/ª/,�Eô��×õ��à/�+@öd-0û�/ -�� � � - �87iúV/RD8-¨ð0ô��fð0/'�3ñà+.D
ô�-

cos θ~T
< 0.5

� �*û�/ªó�ñ.�0õ��àô3�3/Róð¨ô@D��3/iö�+3ð(-¨û�/iúRCE-�+.DÛ-¨û�/ �������	�������#�@ô.ðÀñ�ô.ò���/�ðÀ/Rõ�ðÀ/��À/RD8-E��-¨ûE/;ñàD8-¨/Vð��@ô��8eû�/RðÀ/ßú2	�Cçô.ð����ªô@ð0/i-0û�/ó�+��×ñàD�ô.D8-!òçô.ú��*�3ðÀ+3C�D�óÝúR+.D�-0ð0ñ�ò�CE-¨ñ�+3DÛö�+3ð®-0û�ñ��!ô.Dçô��6� �Àñ���ô@D�óTeû�/RðÀ/�-0û�/ß/'H×úVñà/RDEú'�oúRô��àñ�ò�ð¨ô@-0ñà+3Dö�+3ð�òBô.D�ó×úe/'�3/VD8-E�_ñ.��õ�/VðÀö�+3ð��B/Vó;�z' -�ñ��zö�+.C�D�ó�-¨ûçô@-#ñ�D×ô$��+! �������	�������×ðÀ/��3ñ�+3DYeû�/RðÀ/(-0û�/eúeòçô.ú��35�3ðÀ+3C�D�óTö�+3ð��"�eô.DTñ��×õ�+3ðÀ-¨ô.D8-*úR+3D8-0ð0ñàòECE-¨ñ�+3D�FE-0û�/c�0ñ��iC���ô@-0ñà+3DÜC�D�ó�/Vð0/��Ó-¨ñ.�Üô@-0/��*-¨ûE/�ô>�B+3CED�-e+@ö*ú	�Cçô.ð����X/RD8-0/Rð0ñ�D��
-0û�/ �¨ô��×õ���/��"�*û�ñ��ª+3ò��À/Rð��.ô�-¨ñà+.Drñ.��/,��õ�/VúV-0/Ró�-0+<�@ô.ð��Þò�/h-L_/V/RD�-0û�/�ó�ñ.:�/RðÀ/RD8-�0/h-À5 C�õ��,ö�+.ðe-0û�/0�./RðÓ-¨/,�Ùó�/h-¨/Rúh-¨+3ð,ô.D�ó
ñ�-��®ô.D/�3C���ô@ðeô.úRúV/RõE-¨ô.D�úR/>�,'6D[-¨û�/$�à+�g/Rð,õçô.ðÀ-(+.ö�=Oñ��3CEð0/�1-¨ûE/!ð¨ô@-0ñà+�+.öLð0/Rô���-0+Y�0ñ.�;C���ô�-¨/RóBú®/,HBúVñà/VD�ú'�Üñ��_�Àû�+�eD�ö�+3ðS-����81 - �.4EF - � � � - �87�ô.DEóT-�� �3>�5³1.23232ô��Ng/����Lô>�Kö�+3ðK-¨û�/Xô.D/�3C���ô@ðKð0/'�3ñà+3D/�*+.ö
cos θ~T

< 0.5
F
cos θ~T

∈ [0.5, 0.7)
ô.DEó

cos θ~T
≥ 0.7

�
�*û�/ÛúV+3ð0ðÀ/Rúh-¨ñà+.D ö�C�D�úh-¨ñà+.D C��0/Vó -¨+ úRô��àñ�ò�ð¨ô�-¨/�-¨û�/#�0ñ��iC�5��ô�-¨/Ró ò ô.DEó?ú�/,HBúVñà/VD�úRñ�/���ñ��;úV+3D��Ó-¨ð0CEúV-¨/Vó ñ�D�ó�ñ.��ñ�ó�Cçô��.�.�+3DÝ-¨û�/"�3/Rð��I�0/V-Ó56C�õ/�;ô.D�órð0/'�3ñà+3D/�0�Ó-¨C�ó�ñ�/Ró ñ�D�=dñ��3C�ðÀ/B1�F-¨û�C���-´ô>��ñ�D��Þ-¨û�/ ����ñ��3û8-��.� óEñ.:�/Rð0/VD8-Bó�ô@-´ôo-¨+I�0ñ.�;C���ô�-¨ñà+.Dð¨ô�-¨ñà+���ñàD8-¨+
ô.úRúV+3C�D8-3�B' -E�XúR+3D/�À-¨ðÀC�úV-0ñà+3DÝñ��ªñ.���àC/�À-¨ð0ô@-¨/VóoñàD-¨ûE/G���@/V-¨ú´û ñàDý=dñ��3C�ðÀ/Û4EFNeû�ñ�ú´û �Bñ�ð0ð0+.ð���-¨û�/G�Àñ�-0Cçô@-¨ñ�+3Dö�+3C�DEó ñàD =Oñ��.C�ð0/
1 �å=ç+3ð�/�ô.ú´û ò�ñàD?ñàD �������	�������ÖFKôrúR+.ðÓ5ð0/VúV-0ñà+3D ñ���ô@õ�õ��àñ�/Ró -0+Þ-0û�/ �������	�������5�@ô���C�/�ñàD)�Àñ��;C/��ô@-0/Róò ô.D�ó ú�û�/��×ñ��Àõ�û�/Vð0/���ñ�D +.ð0ó�/Vð;-¨+oö�+3ð0úV/�-¨û�/Tóçô�-´ôÞô.D�ó�0ñ.�;C��àô@-¨ñ�+3D�/'H×úVñà/RDEú'�TúRCEð��3/'�,ñ�D8-¨+×ô��3ðÀ/R/��×/RD8-���*û�/XúR+3ðÀð0/VúV-¨ñ�+3D[ô@-e-¨û�/c��/'�3/'�f+.ö%-¨û�/ceû�+���/�/'�3/VD8-!ñ��K-0û�/RDô.úVúR+3C�D8-0/Róßö�+3ðOò��0�0ñ.�Bõ��6�Xô.ó�ó�ñ�D��®-0+��3/V-0û�/Rðd-¨û�/KúV+3ð0ðÀ/Rúh-¨/Ró
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�ß+.ö�ö�ð0ô����×/RD8-´ô@-0ñà+3D�ø�ñ � />�!õ�ðÀ+�ó�CEúV-¨ñ�+3D�üeô.D�óÛ-0û�/-¨ñ.�B/®+.öOóE/Rú�ô3����*û�ñ��<�3+8ô>��ñ��[ô.ú´û�ñ�/'�3/Vó ò��ý-¨ð0ô.ñàD�ñ�D�� ó�/Vó�ñàúRô@-¨/Vó ),/VC�ð¨ô>��)(/V-Lg+3ð��*�Ùö�+.ð[/Rô.ú´û +@öi-¨ûE/Ýö�+3CEðò�5 ûçô.ó�ðÀ+3D -L��õ�/'���v'6D ô.ó�óEñ�-¨ñ�+3D?-Lg+)�0/h-E��+.öX)(/V-Lg+3ð��*�Tô.ðÀ/Ûõ�ðÀ+�ó�CEúR/RóÖF,+3DE/Ù-¨ð0ô.ñàD�/Vó +3D��6� +3D-¨ð0ô.ú��*�ª+3ð0ñ.�3ñàDçô�-¨ñàD/�×ö�ðÀ+�� -0û�/;ö�ð¨ô����B/VD�-¨ô@-¨ñ�+3DÛõ�ðÀ+�úV/����RF%ô.D�óo-¨ûE/ß+.-¨û�/Vð!-¨ð0ô.ñàD�/Vóo+3D��6�Û+3DÛ-0ð¨ô.ú��*�+3ðÀñ��3ñ�Dçô@-¨ñ�D��®ö�ðÀ+�� -0û�/�g/�ô>�ßò�56ûçô@ó�ð0+3D×ó�/Vú�ô3��� �*û�/,),/h-L_+.ð��*�Kô.ðÀ/eó�/'(çDE/RóZ�ÀC�ú´ûB-0ûçô@-#-¨û�/e-´ô@ð��3/h-+3CE-0õ�CE-N�@ô���C�/!ñ��
+1 (−1)

ñtö%-0û�/�ú´ûçô.ð��3/�+.öOô;õçô.ðÓ-¨ñàú'�à/,ñ��*úR+.ð0ð0/'��ô@-0/RóÝø�ô.D8-¨ñt5 úR+3ðÀð0/'��ô@-0/Ró�ü�-¨+;-¨ûE/�ò	�Cçô.ð���ú´ûçô.ð��3/��#ù �0/h-,+@öOõ�ðÀ/Ró�/,(çD�/VóÛñàD�õECE-N�@ô.ð0ñàô.ò��à/'�Kñ��*C/�0/Ró[-¨+�ó�ñ.�À-¨ñ�D��3C�ñ.�0û�ò�/V-Lg/R/VDÙ-¨û�/'�V+
• ÷�/��à/VúV-0ñà+3DK�@ô.ð0ñàô.ò���/,ö�+3ð*õçô@ðÀ-¨ñ�ú���/��Kö�ð0+��a�0/VúR+3DEóçô.ð��K�./RðÓ-¨ñàúV/��'�
ùá)(/RC�ð0ô��*)(/V-Lg+3ð�� úRô�����/Ró �%ð¨ô@ú���)(/V-"�0/Võçô.ð0ô@-¨/'�ßõçô.ðÀ-0ñàú'�à/��i+3ð0ñ.�3ñàDçô�-¨ñàD/�[ö�ðÀ+�� -0û�/�/'�./RD8-õ�ðÀñ��Bô.ð��X�./RðÓ-¨/,��ö�ð0+��v-0û�+��À/ �À-¨ô.ðÀ-0ñàD��®ô@-�ôS�À/RúV+3D�óçô.ð��ióE/Rú�ô3�0�3/RðÓ-¨/�� � �*ûE/ �0/Võçô.ð¨ô�-¨ñà+.DiC��À/��-0û�/Kñ��×õçô.úh-zõçô@ð¨ô��×/V-0/RðO�×/�ô>�0C�ðÀ/��×/RD8-#ô.D�ó×ô.óEó�ñ�-0ñà+3Dçô>����ñ�D�/��Bô@-0ñàú_ñ�DEö�+3ð��Üô@-0ñà+3D �L$Oô.ðÓ-¨ñàú'�à/'�ö�ðÀ+��á-¨û�/;õEð0ñ��Bô.ð��K�3/RðÓ-¨/��T�à/Rô.óÙ-0+Z�dð0ô.ú���),/h-X�.ô>�àC�/'�!ú���+��0/X-¨+�2EF eû�ñ���/iõçô@ðÀ-¨ñ�ú���/��,ö�ðÀ+�� ô�À/RúR+.D�óçô.ð��K�3/RðÓ-¨/��<�3/V- �@ô��àCE/��*ú���+��0/�-0+<-��

• $dô.ðÀ-0ñàú'�à/�ñàóE/RD8-¨ñ6(çú�ô@-0ñà+3D
�.ô@ð0ñ�ô@ò��à/'���
"f/Rõ�-¨+3D�ô@D�óÜûçô@ó�ð0+3DBñàó�/VD8-¨ñ.(�ú�ô@-0ñà+3D×ñàDEö�+.ð��Bô@-¨ñ�+3Dßñ���úR+��iò�ñàD�/VóÜñ�D�-0+X-¨ô����3ñ�D��c�.ô@ð0ñ�ô@ò��à/'�#ö�+.ð��ô.+3D/�RFçõ�ðÀ+.-¨+3D/�RFç/���/Rúh-¨ð0+.D��RF�ô.DEó<�iC�+3D��*ö�ð0+�� û�/Rô��*�Tûçô@ó�ð0+3D[ó�/Vú�ô3�����

• 1#5³� �0/Võçô.ð¨ô�-¨ñà+.D;�ùvó�/Vó�ñàúRô@-¨/VóÙ)(/RC�ð0ô��%),/V-Lg+3ð���ú�ô��.�à/Ró<1K�e5³),/h-(C��0/'�®ó�/Vú�ô3�K�3/VðÀ-¨/��Ùô.D�ó<��ñ�D�/��Bô@-0ñàú!ñ�DEö�+3ðÓ5�Bô@-¨ñ�+3DTñàD
ô"�.ñ.�3/VD BÀ/h-,-0+
�À/Rõçô.ð0ô@-¨/�õçô.ðÓ-¨ñàú'�à/'�eö�ðÀ+�� -0û�/0g/�ô��<1åó�/RúRô��Tö�ðÀ+�� -¨ûE+��0/Xö�ð0+��-0û�/ �0C�ò��À/�	�C�/VD�-Kú�ô��Àú�ô.ó�/,� ó�/RúRô���� �*û�/e-´ô.ð��3/V- �@ô���C�/���ö�+3ð�õçô@ðÀ-¨ñ�ú���/��zö�ð0+�� 1 ó�/RúRô���ñ.� −1
Feû�ñ.�à/!ö�+3ð*õ�ô.ðÀ-0ñàú���/��_ö�ðÀ+�� �vó�/Vú�ô3�Tñ�-eñ.�

+1
��ù �0/RúV+3D�ó �@ô.ð0ñàô.ò��à/>+

1K�e5³),/h- − 1K�(56),/h- min

∆
1K�(5³)(/V- ø�-�43ü

ñ.��úV+3D��À-0ð0C�úh-¨/Vó -¨+Ùñ.�0+��àô@-¨/�õçô@ðÀ-¨ñ�ú���/���ö�ð0+�� �ló�/RúRô����;ö�C�ðÓ-¨û�/Vð��[&,/Vð0/Üô��8ô.ñ�DÝ-0û�/Z1K�e5³),/h-ñ.�(-0û�/ 1#5³� )(/RC�ð0ô��O)(/V-Lg+3ð��Tñ�D�-0ð0+�ó�C�úV/Róoô.ò�+��3/>��1_�(5³)(/V-
min

ñ��*-¨û�/0�Bñ�D�ñ��iC��Q1K�e5³),/h-�@ô���C�/g+@ö�ô����8ú´û�ô.ð��3/Vóßõçô.ðÓ-¨ñàú'�à/'�%ñ�D�-0û�/_û�/'�Bñ.�0õ�ûE/Rð0/_ô.ò�+!�./KôS�%ð¨ô@ú���)(/V- �@ô���C�/�+.ö�2/� 7 �
∆
1_�(5)(/V-�ñ.�,-¨ûE/ßó�ñ.:�/RðÀ/RD�úV/;ò�/h-L_/V/RDÞ-¨û�/ �Üô%��ñ.�;C�� ô.D�óT�×ñàD�ñ.�;C��a�@ô���C�/;+.öJ1_�(5³)(/V-!ö�+3ð!ô����ú´ûçô@ð��3/Vó
õçô@ðÀ-¨ñ�ú���/��*ñàD�-0û�/ªû�/��×ñ��Àõ�û�/RðÀ/��

• $dô.ðÀ-0ñàú'�à/ �@ô.ð0ñàô.ò���/����
=çC�ðÓ-¨û�/Vð �@ô.ðÀñ�ô.ò/�à/��Y�À/Rõçô@ð¨ô@-0/
õçô@ðÀ-¨ñ�ú���/��;ö�ð0+�� -¨û�/[õ�ðÀñ��Bô.ð��rñàD8-¨/Vð¨ô.úh-¨ñ�+3D ö�ð0+�� 1ló�/RúRô3� �'��*û�/×/RDE/Rð��>�Þ+.ög-0û�/�õçô.ðÓ-¨ñàú'�à/�ô.DEó�ô.D��Þô>�;ò�ñ��.C�ñ�-0ñà/��®ñàDÞð0/VúR+3D��Ó-¨ðÀC�úV-0ñà+3Drô.ð0/�ñ�D�õ�CE-ª-¨+�-0û�/)(/V-Lg+3ð��*���Þ'6D ô.óEó�ñ�-0ñà+3D�F%õçô.ðÓ-¨ñ�ú��à/'�;ô.ðÀ/Üò�+�+��À-¨/Vó ñàD8-¨+
-¨û�/B/��À-0ñ��Bô@-¨/Vó)1 ú�ô@D�ó�ñàó�ô@-¨/Bð0/��Ó-ö�ð0ô��B/>�i'6Do-¨ûEñ��!ö�ð¨ô>�B/i-0û�/ �B+��B/VD�-0C�� ô.D�óo-¨û�/×ô.D/���à/;+@ög-0û�/ßõçô.ðÓ-¨ñàú'�à/ eñt-¨ûÞð0/'�0õ�/Rúh-X-0+-0û�/$1 óEñàð0/VúV-0ñà+3DT+.ö�Wçñ��.û�-(ô@ð0/�ú�ô>�àúRC/��ô@-0/Ró;�

• &(/��×ñ��Àõ�û�/RðÀ/c	�C�ô��àñt-L�
�@ô.ðÀñ�ô.ò���/��'�
=ç+3ð,/�ô.ú´ûÞû�/'�Bñ.�0õ�û�/Vð0/ßôZ�À/V-�+@ö_ô@ó�ó�ñ�-0ñà+3D�ô��P�.ô@ð0ñ�ô@ò��à/'�,ú´ûçô@ð¨ô.úh-¨/RðÀñ��À/;-¨û�/2	�Cçô>�àñ�-L�
+.ö�-0û�/Y1úRô.D�ó�ñ�óçô@-¨/>+
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� -0û�/ªð¨ô@-0ñà+ß+.öd-¨û�/�ðÀ/RúV+3D��À-0ð0C�úh-¨/VóT1ýú�ô.D�óEñàóçô@-0/ª/RD�/Vð�����-0+ß-¨û�/X"L #$ ò�/Rô�� /VD�/Rð����3F
� ñ�D��.ô@ð0ñ�ô@D�- �Bô����*+.öd-0û�/ªõçô.ðÓ-¨ñàú'�à/'�eô@-*-¨û�/ªðÀ/RúR+.D��À-0ð0C�úh-¨/Ró#1 �./RðÓ-¨/,��F
� -0û�/

χ2 õ�ðÀ+3òçô.ò�ñ.�àñt-L�B+@öd-0û�/X(�-eö�+3ðK-¨û�/$1ýó�/Vú�ô3�K�3/VðÀ-¨/���F
� -0û�/ªC�D�úV/RðÀ-¨ô.ñàD8-L�T+3D�-0û�/X�3/RðÓ-¨/��Ùú´û�ô.ð��3/c�×/�ô��ÀC�ð0/'�B/VD8-�F
� -0û�/TD�C��;ò�/Rðß+.ö,ú´ûçô.ð��3/Ró õçô.ðÓ-¨ñàú'�à/'�ßô����Àñ��3DE/Ró -¨+T�0/VúR+3DEóçô.ð��)�./RðÓ-¨ñàúV/���ñàD -0û�/�û�/��×ñt5�Àõ�û�/Vð0/ceñ�-¨û<�%ð¨ô.ú���),/h-!ô@ò�+��3/X2/� 7�F
� -0û�/iûE/��×ñ��0õEû�/RðÀ/�ð0ô.õ�ñàóEñ�-L�K�8ô@õ
ò�/V-Lg/R/VDÛ-¨û�/Xõçô.ðÓ-¨ñàú'�à/'�(+@ö�û�ñ��.û�/��Ó-,ð0ô.õ�ñ�ó�ñ�-L��ò�/���+�vô�%ð¨ô@ú���)(/V-,úRCE-,ô@-,2/� 7ßô.D�ó�-¨û�ô@-(+.öO���Üô>���à/'�À-*ð0ô.õ�ñ�ó�ñ�-L�Üô.ò�+!�./�-¨û�/ªúRC�-®ô�-®2 �Ú7���ô.D�ó
� -0û�/ªD�C��;ò�/Rðe+.ödõçô.ðÀ-0ñàú'�à/��*ñ�D�-¨û�/ªû�/'�Bñ.�0õ�û�/Vð0/Xeñ�-0û[ô��;ò�ñ.�3C�ñ�-0ñà/'�_ñàDTðÀ/RúR+.D��À-0ð0C�úh-¨ñà+.D;�

�*û�/ªõçô.ðÓ-¨ñàú'�à/!úV+3ð0ðÀ/��àô@-¨ñ�+3D�úR+3DEó�ñ�-0ñà+3Dçô>��õ�ðÀ+3òçô.òEñ��àñt-¨ñ�/��RF
P time(same Q |B)

FEö�+3ðg-¨û�/�ö�ð¨ô>���B/VD�5-´ô�-¨ñà+.Dßô.D�óß-¨ûE/*ó�/RúRô��YWçô��.+3C�ð#ô.ðÀ/K-¨û�/VD�úR+��;òEñàD�/Vó×C/�0ñàD/�ªô �àñ��@/���ñàû�+�+�ó�ð¨ô@-0ñà+®-0+ª+3òE-´ô@ñàDßô W�ô3�3+.C�ð-´ô>��ö�+.ðeô �.ñ.�3/VD
ûE/��×ñ��0õEû�/RðÀ/�+

F time
B =

∑

particles

ln

(

1 + P time(same Q |B)

1 − P time(same Q |B)

)

· Q .
ø�- � ü

&,/Vð0/ 1 ñ.�;/Rñt-¨û�/Vðßô
B+, B0, Bs

+3ð;ò òçô.ð��3+3D ô.DEó
time

�À-¨ô.D�ó��;ö�+3ð���� �	��
��� ��� �����	�o+3ð�
 �� ���%�
Q
ñ.�i-¨ûE/�õçô.ðÀ-0ñàú'�à/Üú´û�ô.ð��3/>� �®/Võ�/VD�ó�ñàD/�Ý+.D -0û�/�û���õ�+.-0û�/��Àñ��ßúV+3D��0ñ�ó�/RðÀ/Ró?ôÛó�ñ.:�/RðÀ/RD8- �0/'�à/VúV-¨ñ�+3Dñ��,ô.õ�õ/�àñà/Vó
ö�+3ð(õçô.ðÓ-¨ñ�ú��à/'�e/RD8-¨/Vð0ñàD/�Ü-¨û�/0�0C��"�Bô@-¨ñ�+3D;�e=ç+3ðe-¨û�/Xö�ð¨ô����×/RD8-¨ô@-¨ñ�+3DKW�ô3�3+3C�ð!ô�����-0ð¨ô.ú��*�eñ�-0ûT�dð0ô.ú���),/h-

< 0.5
ô.ðÀ/ßúR+3D��Àñàó�/Vð0/Vó�F;eû�ñ���/�ö�+3ð,-¨û�/ßó�/Vú�ô3�#Wçô��.+3C�ðªô�õçô@ðÀ-¨ñ�ú���/ �;C��Ó-c�¨ô@-0ñ��Óö ��%ð¨ô.ú���),/h- ≥ 0.5

�
� q���q�� � xL� �z�L�ç�KxL��� ��~��OxL�����Ûw�x%�������Ù���E�������%���
� �L�������
�8�a�;����

flav �����),ñ�D�/ÜóEñ.:�/Rð0/VD8-ßñàD�õECE-E�Xö�+3ð�-0û�/?(çDçô>�gû�/'�Bñ.�0õ�ûE/Rð0/Üú´ûçô.ð��./�),/VC�ð¨ô��_),/h-L_+3ð����Bô@ð0/�úV+3D��À-0ð0C�úh-¨/Vó;��*û�/c(çð��Ó-��0/V-,+.ödñàD�õECE-E�eñ��(ôßúR+��;ò�ñàD�ô@-¨ñ�+3D�+.ö%-¨û�/ªö�ð¨ô����B/VD�-¨ô@-¨ñ�+3D�ô.DEó
ó�/Vú�ô3�
ò�56ûçô@ó�ð0+3D W�ô3�3+.C�ð-´ô>���N�;C��t-¨ñàõ/�àñà/Vó�ò���-¨ûE/Xñ�D�ó�ñ6��ñ�ó�Cçô���õ�ð0+.òçô.ò�ñ.�àñ�-0ñà/'�gö�+3ðK-0ûçô@-eò�5 ûçô.ó�ðÀ+3D�-L��õ�/�+
� ���

F Frag.
Bs

· P (Bs)

� ��� (

F Dec.
B+ − F Frag.

B+

)

· P (B+)

� ��� (

F Dec.
baryon − F Frag.

baryon

)

· P (baryon)

�! � (

F Dec.
B0 ·

(

1 − 2 sin2(∆(md)
2

· τrec)
)

− F Frag.

B0

)

· P (B0)

&,/Vð0/
τrec

ñ.��-¨û�/#ð0/VúR+3D/�À-¨ðÀC�úV-0/Ró�õ�ð0+3õ�/Rð81T��ñ�ö�/V-0ñ��×/Oñ�D!-¨û�/#û�/'�Bñ.�0õ�û�/Vð0/�C�DEó�/Rð%úR+3D/�0ñàóE/Rð¨ô�-¨ñà+.D;�8�*û�/úR+.D��À-0ð0C�úh-¨ñà+.DÝúV+3D��Àñàó�/Vð��!-¨ûE/
B0 +��0úVñ����àô@-¨ñ�+3DTö�ð0/�	�C�/VD�ú'�TeûEñàú´ûÝô>:�/RúV-���-¨û�/ßú´ûçô@ð��3/ßñ�DEö�+3ð��Bô@-0ñà+3DñàDß-0û�/,ûE/��×ñ��0õEû�/RðÀ/��z' -�ñ��#ô>���0C/�B/VóB-¨+Xò�/

∆(md) = 0.474 /s
� �*û�ñ��#ñ.��DE+.-#õ�+����0ñ�ò��à/*ö�+3ðz-0û�/(ú�ô��À/+.ö

Bs

eû�/RðÀ/;-¨û�/ß+��ÀúRñ.����ô�-¨ñà+.D��(ô.ð0/2�À+�ö�ô��À-®-¨ûçô@-�ô@-!-¨ûE/i-¨ñ.�B/�+.ö�ó�/RúRô��ÛôT7.2�5³7.2?�×ñ6�
+.ö
Bs

ô.D�ó
Bs

ðÀ/��Bô.ñàD/����*û�/
P (B)

ö�ô@úV-¨+.ð��Tô.ðÀ/Û-¨û�/o+3C�-¨õ�CE-���+.öiô ó�/Ró�ñ�ú�ô@-0/Ró 1 �0õ�/RúVñà/��Tñ�ó�/RD8-¨ñ6(çú�ô�-¨ñà+.Dý),/h-L_+3ð��eû�ñ�ú´û�ð0/RõEð0/��À/RD8-eõ�ðÀ+3òçô.ò�ñ.�àñt-¨ñà/'��-¨ûçô@-g-¨û�/,û�/��×ñ��Àõ�û�/Vð0/!ñ�DZ	�C�/��Ó-¨ñà+.D�úR+3D8-¨ô.ñàD��Kô0_/Rô��*�.�Bó�/RúRô3��ñ�D��ò�5 ûçô.ó�ðÀ+3DB+@öfô�õ�ô.ðÀ-0ñàúRC/��ô.ðO-L��õ�/ 1S�*�*û�/,�Bô.ð0/eúR+.D��À-0ð0C�úh-¨/Ró?�0C�ú´ûÜ-0ûçô@-g+3D�-¨û�/,ô3�3/Rð0ô��3/(-¨û�/VñàðC�0C��
Y Z � JQ� $ [#" .3S%$������� L1���!UI"�
�����&X5�0��� 
�V�	�0XB'��>X5��
 ����������Cd�'&�T��:Cd��O1�0Ce���)�����
��m��
�"5X5'��\��V"��#ÿp*��G��"�'�
 L1���!UI"�
��#(
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ñ��c-3F�ò�C�-�ô��e-¨û�/,�[ô.ð0/XC��À/RóÙ-0+Bö�+3ð��áôBD�/, ),/h-L_+3ð��TñàD�õ�C�-,-0û�ñ��eúR+.D��À-0ð¨ô.ñ�D�-,ñ��eD�+@-!ô.õEõ��àñ�/Ró[+3DôY�0ñ�D����à/X�×/�ô>�0C�ðÀ/��×/RD8-3��*û�/Xð0/��Bô.ñ�D�ñàD��iñàD�õ�C�-E�eô.ðÀ/�+
� � ��� � �*û�/c�À+BúRô�����/Ró0BÀ/V-(ú´ûçô@ð��3/h�!ó�/,(çD�/Ró
ô��'+

QJ =

∑

particles pκ
L · Q

∑

particles pκ
L

,
ø�-�7.ü

eû�/Vð0/_-0û�/_�ÀC�� ñ��%+!�./Rð�ô>���8ú´ûçô.ð��3/Róßõ�ô.ðÀ-0ñàú���/��%ñàDiô,û�/'�Bñ.�0õ�û�/Vð0/_ô.D�ó
pL

ñ��L-¨ûE/_�à+.D��3ñ�-0C�ó�ñ�Dçô���×+��×/RD8-¨C�� úR+��Bõ�+3D�/VD�-Xeñt-¨ûoðÀ/��0õ�/Rúh-ª-¨+�-¨ûE/;-¨û�ðÀC��À-�ô%��ñ��'�0�*ûE/×+.õE-¨ñ.�Üô��%ú´û�+3ñ�úR/ß+.ö#-0û�/ö�ðÀ/R/(õçô.ð¨ô>�B/h-¨/Rð
κ
ó�/Võ�/VD�ó��K+.D×-0û�/,-L��õ�/,+.ö�ò�5 ûçô.ó�ðÀ+3D×C�D�ó�/Vð_úR+.D��0ñ�ó�/Rð0ô@-¨ñ�+3D;�O�*ûE/Rð0/hö�+3ð0/®ôð0ô.D��3/!+@ö �@ô���C�/��ªø
κ = 0.3, 0.6,∞ ü�ô.ð0/�C/�0/RóÖF�eû�/RðÀ/ª-0û�/X��ô>�À-K+.D�/�úR+3ðÀð0/'�0õ�+3D�ó��*-¨+;-¨ô���ñàD��-0û�/ªú´ûçô.ð��./X+@öd-0û�/ªû�ñ��3ûE/��À- �×+��×/RD8-¨C/� õçô.ðÓ-¨ñ�ú��à/�ñ�D�-¨û�/ªû�/'�Bñ.�0õ�ûE/Rð0/>�

��� � �*û�/��3/RðÓ-¨/���ú´ûçô.ð��3/!ñ.�_úR+.D��À-0ð0C�úh-¨/RóTC��ÀñàD���-¨û�/ �%ð¨ô@ú���)(/V- �@ô���C�/!ô>�*ôiõ�ðÀ+3òçô.ò�ñ.�àñt-L�;ö�+3ð_/Rô.ú´û-0ð¨ô.ú��Ù-0+T+3ð0ñ.�3ñàDçô�-¨/�ö�ðÀ+�� -0û�/�ò�56û�ô.ó�ð0+.DÝóE/Rú�ô3�T�./RðÀ-0/,� � �*û�/ _/Vñ��3û8-¨/VóI�./RðÓ-¨/,�Ýú´û�ô.ð��3/�ñ.�ö�+3ð��B/VóTò*� +
QV =

∑

particles

�dð0ô.ú���),/h- · Q .
ø�-�>8ü

��� � �*û�/ �Àñ��3D�ñ6(çú�ô@D�úR/
QV/σ(QV)

+.ö#-¨ûE/ �./RðÓ-¨/,�oú´ûçô.ð��./×úRô��àúVC���ô�-¨/RóoC/�0ñàD/�
ô�òEñàD�+��×ñ�ô>�d/Vð0ð0+.ð/'�À-¨ñ.�Üô�-¨+3ð'+
σ(QV) =

√

∑

particles

�dð0ô.ú���),/V- · (1 − �dð0ô.ú���),/V- ) .
ø -�93ü

ùS�ªô@DÝ/��Eô��Bõ/�à/i-0û�/ßó�ñ��Ó-¨ðÀñàò�CE-0ñà+3D/�®+.ö#-¨ûE/�BÀ/V-ªú´ûçô.ð��3/;ö�+3ð
κ = 0.3

ô.DEó
0.6

ô@D�óÞ+.ö#-¨û�/2�./RðÀ-0/,�ú´ûçô.ð��3/Xô.D�ó[ñ�-��N�0ñ��.D�ñ.(çúRô.D�úV/ªô.ð0/c�0ûE+!eD[ñàD[=Oñ.�3C�ðÀ/X7;ö�+.ð*óçô@-´ô�ô.DEóV�Àñ��;C��àô@-¨ñ�+3D;�'6Dýô.ó�óEñ�-¨ñ�+3D -¨+�-0û�/Ùú´ûçô@ð��3/
ó�ñ��ÀúRð0ñ.�Bñ�Dçô@-0ñàD��G�@ô.ðÀñ�ô.ò���/��×ó�/��ÀúRðÀñàò�/Róýô.ò�+��3/@F(C/�0/Ùñ.�?�Bô.ó�/[+.ö
� 	�C�ô��àñt-L���;�@ô.ðÀñ�ô.ò/�à/��VFf/�� ����-¨û�/�ð0/VúR+3D/�À-¨ðÀC�úV-0/Ró /VD�/Rð����Þ+.ög-¨û�/"1vú�ô.D�óEñàóçô@-0/�ñàDÞ-¨û�/�û�/'�Bñ.�0õ�û�/Vð0/>��*û�/'�0/iñ�D�õ�CE-����ÀC�õ�õ��6��-¨û�/XD�/h-L_+3ð��Tó�C�ð0ñ�D���-¨û�/ª-¨ð0ô.ñàD�ñ�D��ßõ�ðÀ+�úV/�����eñ�-0û
ñ�DEö�+3ð��Bô@-0ñà+3D�ðÀ/��8ô.ðÀó�ñàD/�-¨ûE/#�àñ.�./'�.�)	�Cçô���ñ�-L� +.ö,-¨û�/
ó�ñ��ÀúRðÀñ��×ñàDçô@-0ñàD��G�@ô.ðÀñ�ô.ò/�à/��VFKô.DEó ô.ðÀ/Ùñ��×õ���/��×/RD8-¨/Vó?ñ�D -0û�/
ö�+3ð�� +.ög/Rñ��.û�-��;-¨+Ù-0û�/�-¨CEð0D�5 +3D �3ð0ô.ó�ñà/VD8-[ø�+3ð � -0/��×õ�/Vð¨ô@-0C�ð0/��ÚüX+.öe-¨û�/Z�Àñ����×+3ñ�óÝö�C�DEúV-¨ñ�+3D C��À/Ró ô��i-0û�/
D�/h-L_+3ð���D�+�ó�/�-¨ð¨ô@D��Àö�/Vðeö�CED�úV-0ñà+3D;��*û�/�-¨ð0ô.ñàD�ñ�D��K+.ö�-¨ûE/�DE/V-Lg+3ð��*�%C��0/'�dôN�Ó-´ô.D�ó�ô.ð0óªö�/R/Vó�5 ö�+3ð�Kô@ð0óXô����.+3ð0ñt-¨û��<�;�*û�/ (çDçô>�3D�/V-Lg+3ð��CE-0ñ��àñ.�0/'��ô@D ô.ðÀú´û�ñ�-0/RúV-0C�ð0/B+.ö �[ñàD�õ�C�-iD�+�ó�/'�RFz+3DE/Bö�+3ðX/�ô.ú´û�+.öK-¨ûE/
�@ô.ð0ñàô.ò���/��ªó�/'(�D�/Ró ô.ò�+��3/@F�ôû�ñ�ó�ó�/RD �àô��./Rð�úV+3D8-´ô.ñ�D�ñàD��T-�2TDE+�ó�/'�ªô.D�óÞ+3D�/�+3C�-¨õ�CE-ªDE+�ó�/>�ß�®C�ðÀñàD���-0û�/;-¨ð0ô.ñàD�ñ�D���F�-¨û�/ß-´ô@ð��3/h-�@ô��àCE/��!ô�-,-0û�/i+3C�-¨õ�CE-®D�+�ó�/�ö�+3ð(+3D�/�û�/��×ñ��Àõ�û�/Vð0/0g/RðÀ/ −1

ö�+3ð,ôBòG	�Cçô@ð��[+3ð
+1

ö�+3ð,ôÜòoô.D8-¨ñ}5	�Cçô.ð�� �ù®D×/,�Eô��×õ��à/e+.ö�-¨ûE/(ûE/��×ñ��0õEû�/RðÀ/(ú´û�ô.ð��3/,),/VC�ð¨ô>��),/V-Lg+3ð��ß+3CE-¨õECE-�F
flav

�����fF8+3D�-¨ûE/��À/���/RúV-0/Róû�ñ.�3ûÞõ�C�ð0ñt-L�Ýòr/,�3/RD8- �¨ô��×õ��à/ßñ.�X�0û�+�eD ñ�DÝ=Oñ��3CEð0/�>�ö�+3ð�-¨û�/�óçô�-´ôT+.öS- � � � � �*û�/×óçô@-¨ô[õ�+3ñàD8-��ô.ðÀ/(úV+��×õçô.ð0/Vó×-0+X-0û�/��0ñ��iC���ô@-0ñà+3D ���*ûE/,úV+3D8-¨ð0ñ�ò�CE-0ñà+3D���ö�ðÀ+�� û�/'�Bñ.�0õ�û�/Vð0/'�gúV+3D8-´ô.ñ�D�ñàD��Xò"	�C�ô.ð��*�ô.D�ó[ô.D8-0ñt5L	�Cçô@ð��*�*ô.ðÀ/X�0û�+�eD<�0/Rõ�ô.ð¨ô@-0/��6�Üö�+3ð_-0û�/X�0ñ.�;C��àô@-¨ñ�+3DB-0+ßñ�����C��À-0ð¨ô@-0/,-0û�/�/,��úR/'����/RD8-eú´ûçô.ð��3/�0/Võçô.ð0ô@-¨ñ�+3D;���*û�/;ó�ñ6:Ö/Vð0/RDEúR/;ò�/V-Lg/R/VDÝó�ô@-´ôBô.D�óG�Àñ��;C��àô@-¨ñ�+3DTñàD[-¨û�/ eñ�óE-¨ûÙ+.öz-¨ûE/;ó�ñ��Ó-¨ðÀñàò�CE-0ñà+3DñàDEó�ñàúRô@-¨/'�Bô ���Bô��.�*ó�ñ.:�/RðÀ/RD�úV/
ñ�D -0û�/
ú´û�ô.ð��3/T-´ô>���3ñàD/�Ý/,H×úRñà/VD�ú'�5eû�ñ�ú´ûDeñ.���Kò�/
óEñ��0úVC����À/Ró ñ�Dó�/h-´ô.ñ.��ñàD
÷�/VúV-¨ñ�+3D��,7 � 4�ô.D�ó
7 � 7 �
j a1*V����"�'�1�� �����
	!� �<X5� 2���V���"����R�:
��<����� ����Cd���)����0
��3���NV�B��B���:*�*��0X�	!���R���>�:
 1��<��" �G��"��X ��"��5$f'>�?�"�� UQV��� �����

���0Ce���)�����
��<�����:
 1��c��� 1 1�V��1e�����!UI"�
�� [

- �



2000
4000
6000
8000

10000
12000
14000
16000
18000

-1 -0.5 0 0.5 1

jet charge kappa=0.3

jet charge

N

2000
4000
6000
8000

10000
12000
14000
16000
18000

-1 -0.5 0 0.5 1

jet charge kappa=0.6
DELPHI

jet charge

0

2000

4000

6000

8000

10000

12000

-4 -2 0 2

vertex charge

vertex charge

N

0

2000

4000

6000

8000

10000

12000

-4 -2 0 2 4

significance (vertex charge)

significance

DATA
simulation

b quark
b anti quark

=Oñ.�3C�ð0/B7 + �j� ���!� ���,� � �$#.� "=� � � � ! �.��"#���S� ���
κ = 0.3

�%�<�
0.6

8�
&�.� �$� � �#� ����: �;�<� �"� � � ���&� �	�
�,� � �,#.� �%�<� " ����� "F#��"�� � �;� �!� 8 ���%+ ��� � �#� � : % �[� �%+ � " ���"� ���!� ! ���3� " ����� 5.����+ �!��� ��������� �.� � �%�<�
� "F! 
�� �.��"#��� � ���	� � �d� ��! " ���d�0��� �$� ��� �.�)� ��� 5� ��� 5 �;�<� �,� � �$#.� � �;#�#.���0%

'6D -¨û�/Ùô.Dçô��6���0ñ��Üô�û�/'�Bñ.�0õ�û�/Vð0/
ñ��Üú´û�ô.ð��3/
-´ô����./Ró�F*ñtöªô=�0/VúR+3DEóçô.ð�� �3/VðÀ-0/,�ýñ.�?�ÀC/H×úRñà/VD8-E�.�g/����Öð0/RúV+3D��Ó-¨ð0CEúV-¨/Vó[-0+�õ�ð0+�ó�C�úV/ªôß),/RCEð¨ô��f)(/V-Lg+3ð���+.CE-¨õ�C�-
flav

�����Tô.D�óTñ�öL-0û�/ªô.ò��À+��àCE-0/S�@ô��àCE/
|flav

����� | /,��úV/R/Ró/�#-0û�/_g+3ð���õ�+.ñàD8-OúVCE-#+.ö�2/� 487;ø�2/� 432®ñàDiú�ô��À/K+.ö8-�� �31 - �34,óçô@-´ô3ü,�O�*ûEñ��Og+3ð���ñ�D��õ�+3ñàD8- _ô��Xú´û�+��0/VDr-0+<�×ñàDEñ��×ñ��0/ª-¨ûE/×/���õ�/VúV-¨/Vó�ðÀ/���ô�-¨ñ.�./;/RðÀð0+3ðª+.ö#-0û�/ �B/Rô��0C�ðÀ/RóÝò�ô>�����
�×/V-0ð��+3D �0ñ.�;C��àô@-¨/Vó[ó�ô@-´ô/�
� N�� QSRUT acTdX[R`egf XGe T�� X��GZ�� X X[RUT V Z�� �ga acTdX����
� q��fq�� �f���%�����Ù�ç�%�ý�L �L�d���Ùw@xL�������Ù����������� � ��������~
�*û�/×),/VC�ð¨ô>��),/h-L_+3ð��oú´ûçô.ð��3/ß-´ô���ñ.��C��0/VóÝ-0+�ð0/RúV+3D��Ó-¨ð0CEúV-X-¨û�/ßú´ûçô@ð��3/ �0ñ.�3Do+.ö�-¨û�/ßõEð0ñ��Bô.ð��Ûò	�Cçô.ð��[+.DoôBõ�/Rð³56û�/'�Bñ.�0õ�û�/Vð0/Xòçô��Àñ����,�®ñ6:Ö/Vð0/RD8-®ú�ô@-0/��3+3ðÀñà/'�®ô.ðÀ/�óEñ��À-0ñàD��.C�ñ��Àû�/RóÙô.úRúV+3ð0ó�ñ�D��B-0+B-0û�/úR+.D/( �3C�ð0ô@-¨ñ�+3DT+.ö%-¨û�/�-Lg+Bú´ûçô@ð��3/a5L�0ñ.�3D�/Vó
û�/'�Bñ.�0õ�ûE/Rð0/'�eñàD[ô.DT/'�./RD8-3�'6D�~����L�����×w@xL�������Ü�����������Û/'�./RD8-E��-¨û�/e+3ðÀñà/RD8-¨ô@-¨ñ�+3Dß+.öÖ-0û�/eõ�ð0ñ.�Üô@ð��0	�C�ô.ð���ô%��ñ.��ñ.��+3òE-¨ô.ñàD�/Vó

-�7



0

2000

4000

6000

8000

10000

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

flavhem

N

data
simulation
b quarks

b anti-quarks

DELPHI

=Oñ.�3C�ð0/(>/+'�)��! � � � " � ���25� ��+ �����2� � ��� �;�<� � "=! 
�� �.��"#��� � ���	��� � � ��! " � �d� �$� � �,� � �$#.� ����# 3 � 
����3�
3 � ��+ � � E � 
� � 
� &

flav
�����<&%� ��� ��� � � �.��� ��� ������ %
����! " � �d� ������� � ����! � � � 5'� ��� � �%� �!���������0��� "F� ��� �

+ ��� � 
����7� & � �$�&
�� ��"F�G# "=� �65 � 
�� " � � ���
90 %

%

ö�ð0+�� -0û�/T�0ñ.�3Dý+.ö�-¨ûE/Û-´ô����./Róýû�/'�Bñ.�0õ�û�/Vð0/�� �T)(/RC�ð0ô���),/h-L_+.ð�� +3C�-¨õ�CE-�� �*ûE/T	�C�ô.ð�� ô%��ñ���ñ.�ö�+3ð�Kô.ðÀóo+3ð0ñ�/RD8-¨/Vó?ø
cos θ~T > 0

ü,ñtö�ôÜö�+3ð�_ô.ðÀóoû�/��×ñ��Àõ�û�/RðÀ/ßñ��®-¨ô����3/VóÛ-¨+�úV+3D8-´ô.ñ�Doô�ò 	�C�ô.ð��
+3ðôBò�ô.ú���Kô.ðÀóoû�/��×ñ��Àõ�û�/Vð0/Xñ��e-´ô����./Ró
-0+ÜúV+3D8-´ô.ñ�DÛôBòÙô.D8-¨ñ}5L	�Cçô.ð�� �(<®-0û�/Rð�eñ��0/X-¨û�/0	�Cçô.ð��[ô%��ñ.�,ñ.�òçô.ú���_ô.ð0ó ø
cos θ~T < 0

ü_+3ð0ñ�/RD8-¨/Vó;�<!D�/#D�/R/Vó��f-¨+*ó�ñ.�À-¨ñ�D��3C�ñ.�0û!-Lg+eú�ô@-0/��3+3ðÀñà/'�f+.ö�/'�3/VD8-E�%ñ�ö�ò�+@-¨ûªû�/��×ñ��Àõ�û�/Vð0/��Lô@ð0/�ú´ûçô.ð��3/�-´ô����3/Ró;��*û�/K�Àñ�-¨C�ô@-¨ñ�+3D ñ�� �0ñ��×ñ��àô.ð�-¨+T�ÀñàD�����/Üû�/'�Bñ.�0õ�ûE/Rð0/�/,�3/VD�-��"eûE/RD +3D�/�û�/'�Bñ.�0õ�ûE/Rð0/Üñ��i-¨ô����3/Vó ô��	�Cçô.ð���ô.DEó -¨û�/�+@-¨û�/Vðßô��ßô.D8-0ñt5L	�Cçô@ð��[�o&,/Vð0/Ü-0û�/�/,�3/RD8-×+3ðÀñà/RD8-¨ô@-¨ñ�+3D�ñ.�ió�/h-¨/Rð��Bñ�D�/Ró�ò*��/Rñt-¨û�/Vðû�/'�Bñ.�0õ�û�/Vð0/@FEò�CE-_-¨û�/®ô.ó�ó�ñt-¨ñà+.Dçô��[�0/VúR+3D�ó�ûE/��×ñ��0õEû�/RðÀ/!ú´ûçô.ð��3/®-´ô>�;ñàD�úVð0/Rô��0/'�_-¨û�/®õ�ð0+3ò�ô.ò�ñ���ñ�-L�;-0+ñàóE/RD8-¨ñtö �×-0û�/ �Àñ��3D�+@öf-¨û�/X	�Cçô.ð��Bú´û�ô.ð��3/®úR+3ðÀð0/Rúh-E�6���# �3/VD�-��eñàDÜ-0û�ñ��gú�ô@-0/��3+3ð���ô@ð0/!úRô�����/Ró �%�%������� �~������o�%��L�O����ú´û�ô.ð��3/�-´ô����3/Ró;�O1A��úR+3D8-¨ð0ô��À-RF3/'�./RD8-E��ö�+3ð8eû�ñ�ú´ûßò�+.-0û;û�/'�Bñ.�0õ�û�/Vð0/'��ô.ð0/�-´ô����3/Rói-0+úR+.D�-¨ô.ñàDY	�Cçô@ð��*�!ø�+3ðzò�+.-¨û×ô.D8-0ñt5L	�Cçô@ð��*�´üOó�+ªD�+@-#ûçô3�3/(ô�õ�ð0/hö�/Rð0ðÀ/Ró×+3ð0ñ�/RD8-´ô�-¨ñà+.D;�8�*û�/��À/®������� �¨~������/'�./RD8-E�®ô.ð0/�C/�0/Ró[-¨+ �×/�ô��ÀC�ð0/�-¨ûE/Xú´û�ô.ð��3/�-¨ô����3ñ�D��ßõ�ð0+.òçô.ò�ñ.�àñ�-L���
� q��fq�� � xL�Û��O~R��������� �ç~ �L� �r�������
�*û�/�ó�ñ6:Ö/Vð0/VD�úR/�ò�/V-Lg/R/VD -0û�/�D�C��;ò�/Rðß+.öeö�+3ð�Kô.ðÀó ô.D�ó òçô@ú��*_ô.ðÀó?/,�3/RD8-��BD�+.ð��Bô��àñ.�0/RóÝ-¨+Û-0û�/�0C/� ñ��*-¨ûE/!ö�+3ð�_ô.ð0ó�56òçô.ú���_ô.ð0óÙô������"�B/h-¨ð���� �*û�C��,ö�+.ðN�0ñàD/���à/!ûE/��×ñ��0õEû�/RðÀ/ª-¨ô���/'�./RD8-E�'+

Aobs
FB =

N − N

N + N
=

∑

f=d,u,s,c,b

(2 · wf − 1) · Af
FB · pf · ηf ,

ø�-��3ü
eû�/Vð0/

-�>



N �
D�C��iò�/Vð(+@öO�ÀñàD�����/�ú´ûçô.ð��3/�-´ô����./Ró�ö�+3ð�_ô.ðÀó
/,�3/RD8-��RF

N �
D�C��iò�/Vð(+@öO�ÀñàD�����/�ú´ûçô.ð��3/�-´ô����./RóTòçô.ú���_ô.ð0ó
/'�3/VD8-E���

÷�ñ.�Bñ.��ô.ð��.�;ö�+3ðK-0û�/ªó�+3C�ò/�à/ªú´ûçô.ð��3/�-´ô����./RóT/'�./RD8-E�'+

AD,obs
FB =

ND − ND

ND + ND
=

∑

f=d,u,s,c,b

(2 · wD
f − 1) · Af

FB · pD
f · ηf ,

ø�-��3ü
eû�/Vð0/

ND �
D�C��;ò�/Rðe+.ödó�+3C�ò/�à/�ú´ûçô.ð��3/�-´ô����3/RóTö�+3ð�_ô.ðÀó[/,�3/VD�-��RF

ND �
D�C��;ò�/Rðe+.ödó�+3C�ò/�à/�ú´ûçô.ð��3/�-´ô����3/Ró[òçô.ú���_ô.ð0ó
/'�3/VD8-E���

�*û�/�+3ò/�0/Rð��3/Vó?ô>�����
�×/V-0ð��Ýñ��X-¨û�/
�0C�� +.ö*-0û�/ÜúV+3D8-¨ð0ñ�ò�CE-0ñà+3D��Xö�ð0+�� ò /,�3/VD�-���ô.D�ó�ö�ðÀ+�� úô.D�ó[C�ó��eòçô@ú����.ð0+3C�DEóÙ/'�./RD8-E�'�
Af

FB

ñ��K-0û�/�ö�+3ð�_ô.ðÀó�56òçô@ú��*_ô.ðÀóÛô���� �"�×/V-¨ð��3F
pf

ô.D�ó
pD

f

ô.ð0/�-0û�/ö�ð¨ô@úV-¨ñ�+3D��;ö�+3ð�/Rô.ú´ûDW�ô3�.+3C�ð×ñàD -¨û�/ �0ñ�D�����/
ô@D�ó?óE+3C�ò���/[CED��àñ.�./h5M�0ñ.�3D -´ô����./Ró /'�3/VD8-�ú�ô�-¨/��.+3ð0ñ�/�����*û�/
η
5 -0/Rð��Iô.úVúR+3CED�-��®ö�+3ð(-¨û�/ió�ñ.:�/RðÀ/RD8-E�6�V�Àñ��3DE/Róoú´ûçô.ð��3/ßô������
�×/V-0ð0ñà/'�RF

ηf = −1
ö�+.ð®C�õ�5 -L��õ�/	�Cçô.ð����,ô.D�ó

ηf = 1
ö�+3ð*ó�+�eD�5 -L��õ�/$	�Cçô.ð��*�'�

wf

ô.DEó
wD

f

ô.ð0/�-¨û�/�õ�ðÀ+3òçô.ò�ñ.�àñt-¨ñà/'�*-¨+Tñàó�/VD8-¨ñ�ö �[-¨ûE/Y�0ñ��.Do+.ö#-¨û�/ 	�Cçô.ð��Ùú´ûçô.ð��3/ßúR+.ð0ð0/VúV-��.�Ûñ�D�0ñ�D�����/�ô.D�óTó�+3CEò��à/!-¨ô����3/VóK�0ñ��iC���ô@-0/Ró�/,�3/RD8-����g=�+.ðN�0ñ��iC���ô@-0/Ró�/,�3/VD�-��(-0û�/'��ú�ô.D[ò�/�óE/V-¨/Vð��×ñàD�/Vóó�ñ�ð0/Rúh-E�6��ò�� /���õ��à+3ñt-¨ñ�D��
-0û�/�-¨ðÀCE-¨û ñàD�ö�+3ð��Bô@-¨ñ�+3D�F8eû�/V-0û�/Rðß-0û�/Z�0ñ.�3D +.öe-¨ûE/�C�D�ó�/Vð��.��ñ�D��T	�Cçô.ð��ú´ûçô.ð��3/ªñ��*úV+3ð0ðÀ/RúV-��.��ðÀ/RúV+3D��À-0ð0C�úh-¨/VóÙò���-¨û�/ªú´ûçô@ð��3/�-´ô>���#=ç+3ð �0ñ�D�����/!-´ô����./RóT/'�./RD8-E�'+

wf =
N̂f + N̂f

Nf + Nf

,
ø 1.23ü

eû�/Vð0/
Nf(Nf)

ñ.�!-¨û�/�D�C��;ò�/Rðª+.ög/'�./RD8-E�X-´ô����3/RóÝô��c	�Cçô.ð�� ø�ô.D8-0ñt5L	�Cçô@ð���ü®ò��o-¨û�/ �0ñ�D�����/;û�/��×ñt5
�0õEû�/RðÀ/�õ�ðÀ+���ñ�ó�ñàD/�;-¨û�/

flav
�����T+3C�-¨õ�CE-��

N̂f(N̂f)
ñ.�K-¨û�/�D�C��iò�/Vð(+@öd/,�3/VD�-��RF�ñàDZeû�ñ�ú´û[-0û�/c	�Cçô.ð��ø�ô@D�-0ñt5M	�C�ô.ð���ü_ûçô��eò�/R/VD
úV+3ð0ðÀ/RúV-��.��ñ�ó�/RD8-0ñ.(ç/Vó;�=ç+3ð�C�D���ñ��./a5L�Àñ��3Dý/,�3/RD8-��
-¨ûE/Ûö�ð¨ô.úh-¨ñà+.Dý+.öi/,�3/VD�-��RFªñàD eûEñàú´ûåò�+.-0û 	�C�ô.ð��ýô@D�ó ô@D�-0ñt5M	�C�ô.ð��ú´ûçô.ð��3/��®ô.ð0/ªúV+3ð0ðÀ/RúV-��.�Tñ�ó�/RD8-¨ñ6(ç/RóÖFçñ��eó�/'(�D�/Róoô@Dçô��à+��3+3C����.�Ü-0+×-0û�/$�0ñàD/���à/�ú´ûçô@ð��3/ª-´ô����3/Ró[/'�./RD8-E�ô��i-0û�/�ð0ô@-¨ñ�+Ù+.öeúV+3ð0ðÀ/RúV-��.�Þ-´ô>���3/Róýø

N̂D
f , N̂D

f

üª+!�./Rð�ô��.�#ó�+3C�ò���/h5 -´ô����./Ró C�D/�àñ��@/h5M�0ñ��.Dýø
ND

f , ND
f

ü/'�./RD8-E�'+

wD
f =

N̂D
f + N̂D

f

ND
f + ND

f

.
ø 1 -�ü

�d+D�B/Rô��0CEð0/Þ-¨û�/Ýò 	�Cçô.ð�� ö�+3ð�_ô.ðÀó�56òçô@ú��*_ô.ðÀó ô������"�B/h-¨ð��åô���� 	�Cçô@D�-0ñ�-0ñà/��
ô.õ�õ�/�ô@ð0ñàD/� ñ�D 	�Cçô@-¨ñ�+3D���-��iô@D�óG-��ªûçô3�3/®-0+iò�/,óE/V-¨/Vð��×ñàD�/Vó;� �*û�/,ð¨ô@-0/��
N
F
N
F
ND

F
ND

ô.ðÀ/,+3ò�-´ô.ñ�D�/Ró×ö�ð0+��-¨ûE/ßóçô@-´ô �X�*û�/
b
õ�C�ð0ñt-L�3F

pb

Ffô.DEóÛ-¨û�/ßõ�ðÀ+3òçô.òEñ��àñt-L��-¨+�úV+3ð0ðÀ/RúV-��.�
ñàó�/VD8-¨ñ�ö �T-0û�/ßòT	�Cçô.ð��
ú´ûçô.ð��3/ú�ô@DÞô����À+�ò�/i/,��-¨ð0ô.úV-0/RóÞó�ñàðÀ/Rúh-E�.�Tö�ðÀ+�� óçô@-´ô?eñt-¨ûÛ+.D��.�<�×ñàD�ñ.�Üô��fñ�D�õ�CE-,ö�ð0+�� �Àñ��;C��àô@-¨ñ�+3D;���*û�/ó�/h-¨/Rð��Bñ�Dçô@-0ñà+3D[+.ö
pb

_ô��!óEñ��0úVC����À/RóÞñàD#�0/Rúh-¨ñ�+3D � � � F�-0û�/ �×/�ô>�0C�ðÀ/��×/RD8-�+.ö
w

(D)
b

ô.D�ó
w(D)

c

ô.ðÀ/ó�ñ.�0úRC/���0/Vó ñàD�-0û�/�D�/���-2�0/Rúh-¨ñ�+3D;�Ý÷ �Bô����#úV+3ð0ðÀ/RúV-0ñà+3D/�ió�C�/B-¨+T�àñ.�3û8-$	�C�ô.ð��ròçô.ú��*�3ð0+.C�D�ó ô.D�ó -0+û�/'�Bñ.�0õ�û�/Vð0/ªúR+.ð0ð0/'��ô@-0ñà+3D/�ªø@�À/R/i÷�/Rúh-¨ñà+.D�� � � 1�ô@D�óÛ7�� � üKô@ð0/ªòçô��À/Ró[+3DV�Àñ��;C/��ô@-0ñà+3D;�
� N�� QSRUT�� � e V4Z VU^ 
�^�X[^�T � X[e ^�fUT _ X[^ � � X[RUT V�� �`Z �	�	� R`Z � \]T �de ��� T � X�
 �
=ç+3ðÜ-0û�/oú�ô��À/Þ+.ö�ò 	�Cçô.ð��*��-¨ûE/oõ�ð0+3ò�ô.ò�ñ���ñ�-0ñà/��VF

w
(D)
b

F,-¨+ ñ�ó�/RD8-0ñ�ö � -¨û�/Þú´ûçô.ð��3/oúR+.ð0ð0/VúV-��.� úRô.Dò�/#�×/�ô��ÀC�ð0/Vóýó�ñàðÀ/RúV-��.� ö�ð0+�� -0û�/Ùó�ô@-´ô=��/�ô.óEñàD��Ý-¨+ ô=�À/��tö�56ú�ô>�àñàòEð¨ô@-0ñà+3D +.ö�-0û�/oô.D�ô��.���0ñ.��� �*û�/
-�9



õ�ðÀñàD�úVñàõ���/*ñàó�/Rô�+.ö�-¨û�/��B/h-¨û�+�óÜñ.��-¨ûçô@-�-¨ûE/,C�D/�àñ��@/h5M�0ñ��.DÜô.DEó?�àñ.�./a5L�0ñ.�3D�ó�+3C�ò/�à/e-´ô����./Ró×/'�3/VD8-E�*ô.ðÀ/õ�ðÀ+3õ�+.ðÀ-¨ñ�+3Dçô���-¨+�+
ND + ND ∝ [w2

b + (1 − wb)
2] ,

ø 131.ü
N same ∝ 2 · wb · (1 − wb) .

ø 1.43ü
eû�/Vð0/

N same �
D�C��;ò�/Rðe+.ödó�+3CEò��à/!-¨ô����3/Vó<��ñ��@/h5L�Àñ��3D�/,�3/VD�-����

Re/��0+��.��ñàD��;-0û�/c	�Cçô.ó�ð0ô@-¨ñ�úX/'	�Cçô@-¨ñ�+3D��eô.DEó[-¨ô���ñàD���ñàD8-0+�ô.úRúV+3C�D8-®ò�ô.ú��*�3ð0+3CED�óV��/�ô.ó/�e-0+�+

wb ·
√

1 + δ =
1

2
+

√

√

√

√

1

4
− 1

2
· N same · psame

b

[ND + ND ] · pD
b + N same · psame

b

,
ø 1 � ü

wD
b ·

√

1 + β =
wb

2 · (1 + δ)

wb
2 · (1 + δ) + (1 − wb ·

√
1 + δ)2

.
ø 137.ü

ùåó�/V-¨ô.ñ���/Ró×ó�/RðÀñ.�@ô@-¨ñ�+3D�+.ö�-0û�/��À/®/�	�Cçô�-¨ñà+.D��gúRô.DÜò�/eö�+3C�D�óBñàDB-0û�/,ô.õ�õ�/RD�ó�ñ � �
pD

b

ô.D�ó
psame

b

ô.ðÀ/-¨ûE/Üò õ�CEð0ñ�-0ñà/'��ó�/h-¨/Vð��×ñàD�/Vó�ñàDEó�ñ.��ñàóECçô����6�Ùö�+3ðª-¨ûE/ÜC�D���ñ��@/h5L�Àñ��3D�ô.D�ó9�àñ��@/h5M�0ñ��.DrúRô@-¨/'�3+3ð0ñ�/���C��0ñ�D��/�	�Cçô�-¨ñà+.D��#-�-Ûô.D�ó -�1 � �*û�/oô.óEó�ñ�-0ñà+3Dçô>�K-¨/Rð��
� √
1 + δ

ô.D�ó √
1 + β

ô��.�à+� ö�+3ðBû�/��×ñ��Àõ�û�/Vð0/ú´ûçô.ð��3/ªúR+3ðÀð0/'��ô@-0ñà+3D��Kô.D�ó
ô.ð0/�ó�ñ.�0úVC����À/RóÛñ�DK�0/Rúh-¨ñ�+3DÛ7�� � �'6DÙ=dñ��3C�ðÀ/X9i-¨û�/c�×/�ô��ÀC�ð0/VóÙõ�ðÀ+3òçô.ò�ñ.�àñt-¨ñà/'��ö�+.ðN�0ñàD/���à/ªô.DEó
ó�+.C�ò��à/!-¨ô����3/Vó
/,�3/VD�-��!ô.ðÀ/X�0û�+�eDô��®ôBö�C�D�úh-¨ñà+.DÙ+.ö�-0û�/;õ�+���ô.ð(ô.D/���à/ªö�+3ð,-0û�/0�./�ô.ð -�� � � ���*û�/;ðÀ/��ÀC���-��®+3DÛó�ô@-´ô�ô@ð0/iúV+3ð0ðÀ/Rúh-¨/RóÛö�+.ðòçô.ú��*�3ðÀ+3C�D�ó�úV+3D8-¨ðÀñàò�CE-0ñà+3D/�gô@D�ó�ô.ðÀ/®úR+��Bõçô@ð0/Ró×-¨+X-¨û�/,õ�ð0/Vó�ñàúh-¨ñà+.DBö�ð0+�� �0ñ��iC���ô@-0ñà+3D �d'6D�óE+3C�ò���/-´ô>���3/RóÙ/'�3/VD8-E�
wD

b

ñ.�,ö�+3CED�óÙ-¨+�ò�/;ô@ò�+��3/
93 %

ô.D�óoó�ðÀ+3õ��®-0+
83 %

ö�+3ðS�àô.ð��./
cos θ~T

D�/Rô.ð®-0û�//Ró/�3/�+.ög-0û�/�ó�/V-0/Rúh-¨+3ðXô.úVúR/Rõ�-´ô.D�úV/���ù �0ñ.�Bñ.��ô.ð��0ûçô@õ�/Yeñ�-0ûÝô �Bô%��ñ��iC�� +@ö
80 %

ñ��!ö�+3CED�óoö�+3ð-¨ûE/S�0ñ�D�����/(-¨ô����3/Vó�/'�./RD8-E�'�A�*û�/,õ��à+@-_�Àû�+� �K-¨ûçô@-�-¨ûE/!ð0/'��ô@-0ñ.�3/(ó�ñ.�0úRðÀ/Rõçô@D�ú'�Bò�/h-L_/V/RD �0ñ.�;C��àô@-¨/Vóô.D�ó �×/�ô��ÀC�ð0/Vó
w

(D)
b

ñ��eô@-_-¨û�/ªõ�/Rð0úV/RD8-��à/,�3/���F�����ñ��3û8-��.� �@ô.ð���ñàD/� eñt-¨û�õ�+���ô@ð*ô.D�����/�� �*ûEñ��*+��3/Vð¨ô��.�-¨/VD�ó�/VD�ú'�;-0+�õ�ð0/Vó�ñàúh-z-¨ûE/*ð0/�ô>�Eú´ûçô.ð��3/K-´ô>���3ñàD/�®õ�+!g/Rð�ô ��ñ�-0-��à/�-¨+�+�û�ñ.�3û _ô���+3ò��À/Rð��./Ró×ð0/'�8ô.ð0ó/�à/����+.ö*ò[õ�C�ðÀñ�-L�
_+3ð���ñàD��×õ�+.ñàD8-*+3ðN�3/Rô.ð��
� N"M QSRUT �<e � � T 
�Z X[^�e0_ �

δ
Z]_`f

β�*û�/;õEð0+3òçô@ò�ñ���ñ�-¨ñ�/��K-0+�ñàó�/VD8-¨ñ�ö �T-0û�/2	�Cçô.ð��
ú´ûçô@ð��3/�úR+3ðÀð0/Rúh-E�6�Ûô.ðÀ/ió�/Vó�C�úV/Róoö�ð0+�� ó�+.C�ò��à/�ú´ûçô.ð��3/-´ô>���3/Ró<�àñ.�./a5L�0ñ.�3DTô.D�ó
C�D���ñ��./a5L�Àñ��3DT/'�./RD8-E�'�(:_+3ð0ðÀ/��àô@-¨ñ�+3D��Kò�/V-Lg/R/VDÛ-¨û�/�-Lg+Üû�/'�Bñ.�0õ�û�/Vð0/Xú´ûçô.ð��3/-´ô>���×ô>:Ö/VúV-×-¨û�/ �×/�ô��ÀC�ð0/'�B/VD8-�ô.DEó?D�/V/Ró -0+rò�/�-´ô��@/RD?ñàD8-¨+rô.úRúV+3C�D8-3�D�*û�/T-¨/Rð�� √
1 + δ

ñàD 	�Cçô@-¨ñ�+3Dr1 � ô�����+! �,ö�+3ðX�0C�ú´ûrúR+3ðÀð0/'��ô@-0ñà+3D�� eûE/RDÝú�ô���úRC��àô@-¨ñ�D���-¨û�/ �ÀñàD�����/i-´ô>���3/RóÝõ�ðÀ+3òçô.ò�ñ.�àñt-L�3F
wb

F.C��0ñ�D��®-¨ûE/_ó�+3CEò��à/�-´ô����./Ró;/,�3/RD8-���� �*û�/KõEð0+3òçô@ò�ñ���ñ�-L�!-0+!ñàó�/VD8-¨ñ�ö ��-0û�/ 	�Cçô.ð���ú´û�ô.ð��3/gñàD;óE+3C�ò���/-´ô>���3/RóiC�D��àñ.�./a5L�0ñ.�3Di/,�3/VD�-��RF
wD

b

F3ñ��d+3òE-¨ô.ñàD�/Vó�ö�ðÀ+��
wb

C��0ñ�D��! 	�Cçô@-0ñà+3Dß137 �z&(/RðÀ/_-¨û�/_ô.ó�ó�ñt-¨ñ�+3Dçô��-¨/Vð�� √
1 + β

ô�����+! �gö�+3ðK-¨û�/ªó�ñ6:Ö/Vð0/VD�-(úV+3ð0ðÀ/���ô�-¨ñà+.D��KñàDTó�+.C�ò��à/!-¨ô����3/VóTC�D��àñ.�./a5L�0ñ.�3DT/'�./RD8-E�'��*û�/®úV+3ð0ðÀ/��àô@-¨ñ�+3D;-¨/Vð��"� √
1 + δ

ô.D�ó √
1 + β

ô.ð0/(+3òE-¨ô.ñàD�/Vó×ö�ðÀ+�� �Àñ��;C��àô@-¨ñ�+3D;C��ÀñàD��iò?	�Cçô.ð��/'�./RD8-E�'�T=ç+3ð�-¨ûçô@-Xõ�CEð0õ�+��0/@Fd-¨ûE/×ðÀ/��ÀC���-�+.ö_-0û�/�ð0ñ.�3û8-�û�ô.D�ó=�Àñàó�/�+.öK 	�C�ô@-¨ñ�+3D 1 � ñ.�XúV+��×õçô.ð0/Vó-¨+[-¨û�/×-¨ðÀC�/B-¨ô����3ñ�D��
õEð0+3òçô@ò�ñ���ñ�-L�Ûö�+3ð$�0ñ�D�����/�-¨ô����3/Vó /'�./RD8-E�iú�ô���úRC��àô@-¨/Vó�C��ÀñàD��[-¨û�/
�0ñ��iC���ô@-0ñà+3D-¨ðÀCE-¨û �_�*û�/Xð¨ô@-0ñà+�+.öOò�+.-0û
ðÀ/��ÀC���-��,ñ.���.ñ.�3/VD
ò��T-¨ûE/ª-0/Rð�� √
1 + δ

�*÷�ñ��×ñ���ô@ð��.�ß-0û�/ª-¨/Rð�� √
1 + βñ��®ó�/Ró�CEúR/Róoö�ðÀ+�� -0û�/ßð¨ô�-¨ñà+B+.ö#-¨û�/ið0/��ÀC���-®ö�ð0+�� -¨û�/ið0ñ��.û�-!ûçô.D�óT�Àñàó�/;+@ö_ 	�Cçô@-0ñà+3Do137�ô.D�óÛ-0û�/-¨ðÀCE-¨ûÜñàDÜóE+3C�ò���/,-´ô>���3/RóBC�D���ñ��./a5L�Àñ��3DB/'�3/VD8-E���#'6DT=Oñ.�3C�ðÀ/ �X-¨û�/,úR+3ðÀð0/��àô@-¨ñ�+3D��

δ
ø�C�õ�õ�/Rð_õ��à+.-´ü�ô.D�ó

β
ø �à+�_/Vð,õ/�à+.-´üKô.ð0/$�0û�+�eDoô>�®ôßö�C�D�úh-¨ñà+.D
+.öd-¨û�/Xõ�+���ô.ðeô@D����à/

cos θ~T

ö�+3ð*-¨ûE/�ó�ñ6:Ö/Vð0/VD�-��3/Rô.ð��,+.öóçô@-¨ô;-´ô���ñàD/����� ñ�-0û�ñàD�/Vð0ð0+.ð��*-¨û�/ªúV+3ð0ðÀ/���ô�-¨ñà+.D��*ô.ðÀ/X�À-´ô@ò��à/Xô��eôßö�C�D�úh-¨ñà+.D[+@öd-0û�/ªõ�+��àô.ð*ô.D/���à/>�
-��



$d+����0ñ�ò��à/��0+3C�ðÀúR/'�K+.ö�-0û�/®û�/'�Bñ.�0õ�ûE/Rð0/(ú´ûçô.ð��3/®úV+3ð0ðÀ/��àô@-¨ñ�+3DBû�ô��./!ò�/R/RDÜñàD��3/'�À-¨ñ.�8ô@-0/RóÜñ�DÜó�/h-´ô.ñ.�&�'6DÝ+3ð0ó�/Vð!-¨+TC�D�óE/Rð��Ó-´ô.DEór-¨ûE/ß+3ð0ñ.�3ñàDÛ+@ög-0û�/�úR+3ðÀð0/��àô@-¨ñ�+3D��VF�/,��õ�/Rð0ñ.�B/VD8-´ô��zñ�D�õ�CE-X�@ô.ðÀñ�ô.ò/�à/���_/Vð0/úR+.D��0/VúRCE-0ñ.�3/'�.��ó�ñ��Àú�ô.ðÀó�/RóXö�ð0+�� -0û�/gú´û�ô.ð��3/�-´ô����3ñàD��,),/VC�ð¨ô>�E)(/V-Lg+3ð��[� � ñt-¨û�-0û�/�ú´ûçô.ð��./g-´ô>���3ñàD/��×+�ó�ñ6(ç/RórñàD�-0û�ñ��$Kô3�.F#-0û�/Z�×/�ô��ÀC�ð0/'�B/VD8-2Kô>�ßð0/Rõ�/�ô�-¨/Ró �Ý<�D/�.�Þö�+3ði-0û�/�ú´ûçô.ð��3/�D�/h-L_+.ð��rö�+.ðeû�ñ�ú´ûÜ-¨û�/ BÀ/V-_ú´ûçô.ð��./,ö�+3ð
κ = 0.3

Kô>�K+��×ñ�-0-0/Ró Kô>�*ô0�Àñ��3D�ñ6(çú�ô@D�-J�@ô.ð0ñàô@-¨ñ�+3D�ñàD×-¨û�/,úR+3ðÀð0/��àô@-¨ñ�+3D+3ò��À/Rð��3/Ró �V�*û�/?�B/Rô.Dr+@öK-¨û�/BúR+3ðÀð0/'��ô@-0ñà+3D�� 〈δ〉 ô.D�ó 〈β〉 úRô��àúVC���ô@-0/Ró eñ�-0ûr-¨ûEñ��c�3/Rð��0ñ�+3D�+.ö_-¨û�/ú´ûçô.ð��3/g-¨ô���ô.ðÀ/_�Àû�+�eD�ô��Oóçô>�0û�/VóY�àñàDE/��%ñàD;=dñ��3C�ðÀ/ � � �*û�ñ.�OúRô.Dßò�/gúR+��×õçô.ðÀ/RóX-¨+®-0û�/_ó�/Võ�/VD�ó�/VD�úR/+.ö�-0û�/iúV+3ð0ðÀ/���ô�-¨ñà+.D[ö�+3ð(-¨û�/Xö�C����d),/VC�ð¨ô>�O)(/V-Lg+3ð��Ùô��!ôBö�CED�úV-0ñà+3D
+.ö�-¨û�/�úRCE-!+3DÙ-¨ûE/iú´ûçô.ð��3/i-¨ô��+3CE-0õ�CE- |flav
����� | F eû�ñàú´û[ñ��N�Àû�+�eDÛô��*õ�+3ñàD8-�����ùS�.�B+��À-*D�+�úV+3ð0ðÀ/���ô�-¨ñà+.D�ö�+3ð 〈δ〉 ô.D�ó 〈β〉 ð0/'�Üô@ñàDô@ö¹-0/Rð*ð0/'�B+���ñàD/��-0û�/_BÀ/V-eú´ûçô@ð��3/XñàDEö�+.ð��Bô@-¨ñ�+3D
eñt-¨û�-¨û�/c��+!g/��Ó-

κ
õçô.ð0ô��B/h-¨/Vð���*û�/ �0+3CEð0úR/Ý+.öXû�/'�Bñ.�0õ�û�/Vð0/Þú´ûçô.ð��3/ÞúR+3ðÀð0/'��ô@-0ñà+3D��×ö�+3ð�-¨ûE/ZBÀ/h-Tú´ûçô.ð��3/Ýô.Dçô��6� �Àñ���û�ô��Tò�/V/RD�À-0C�ó�ñ�/RóÜñ�DBðÀ/Vö�/Vð0/RDEúR/24 1%7 �z' -JKô���ö�+3C�D�ó×-¨ûçô�-�-0û�/(ó�+��×ñàDçô.D8-J�0+.C�ð0úV/��_+@ö�úR+.ð0ð0/'��ô@-0ñà+3D/�#ô.ð0/(ú´ûçô.ð��3/úR+.D��0/Vð��@ô@-¨ñ�+3D ñàD -0û�/�/,�3/RD8-Bô.D�ó � :K�á/':�/Rúh-E�ßñàD8-0ð0+�ó�C�úR/Vó ò*�=���àCE+3D ð¨ô@ó�ñ�ô@-0ñà+3D �T�*û�/�ú´ûçô.ð��3/úR+.D��0/Vð��@ô@-¨ñ�+3D /':�/Rúh-
ñ.��ö�+3C�D�óý-0+ ò�/ �B+��À-�õ�ðÀ+3D�+3CED�úR/Vóåö�+3ð

κ = 0.3
F eû�ñàú´û �3ñ6�3/��Tû�ñ.�3û�/'�À-g/Rñ��.û�-��O-¨+S�0+.ö¹-z-0ð¨ô.ú��*����-0û�/ �0ô��B/gò�/Vûçô3��ñà+3C�ðdñ��%ö�+3C�D�ó;ö�+3ð%-¨û�/gú´ûçô.ð��3/_-´ô>���3ñàD/�!),/VC�ð¨ô>��),/h-L_+.ð��[��*û�/Bû�/��×ñ��Àõ�û�/RðÀ/Bú´û�ô.ð��3/BúR+3ðÀð0/'��ô@-0ñà+3D��

δ
ô.DEó

β
ô.ðÀ/Üô>���0+<�0/VD��0ñt-¨ñ6�3/B-0+V���àC�+3DÝð¨ô@ó�ñ�ô@-0ñà+3D �
�*û�ñ.�ò�/Rûçô3��ñà+3CEð(ñ.�eñ�����C��À-0ð¨ô@-0/RóTñàD[=Oñ.�3C�ðÀ/ �Bò��[ô.õ�õ��6��ñàD��×ô�úRCE-,+3DT-¨û�/ª-¨û�ðÀC��À-��@ô��àCE/X+@ö |~T | > 0.9

-¨+-¨ûE/X/,�3/VD�-��®ò�/Vö�+3ðÀ/�/RD8-¨/Vð0ñ�D��Bò�+.-0û �./Rð��0ñà+.D��,+@öd-0û�/X),/V-Lg+3ð�� �=çC�ðÀ-0û�/RðBõ�+����0ñ�ò��à/V�0+3C�ðÀúR/'��+.öªúR+.ð0ð0/'��ô@-0ñà+3D/�×û�ô��./oò�/V/RDýñ�D*�./��Ó-¨ñ��3ô@-¨/Vó;� �*û�/Ùò�/Rô�� �0õ�+.-�ñ.��0ûEñ�ö¹-¨/Vó9eñt-¨û�ðÀ/��Àõ�/VúV-;-0+
-¨ûE/BúV/RD8-¨ðÀ/�+.öK-0û�/Ü�® �"L$#&,'ªó�/h-¨/VúV-¨+.ð��
=�CEðÀ-¨ûE/Rð��×+3ðÀ/×ñt-E�Xó�ñ��×/RD/�0ñà+.Dó�ñ6:Ö/Vð��XñàDG��ô.D�ó �Þò*�I�×+3ð0/ß-0ûçô.D�+.D�/B+.ð0ó�/VðX+@öN�Üô>�3D�ñ�-0C�ó�/>�Bùlõ�+����0ñ�ò��à/
φ
�À-0ð0C�úh-¨C�ðÀ/Üñ�DÝ-0û�/�×/�ô.D úV+3ð0ðÀ/���ô�-¨ñà+.D�� 〈δ〉 ô.DEó 〈β〉 ûçô��ßò�/R/RD ñ�D*�./��Ó-¨ñ��3ô@-¨/Vó ò���úR+��×õçô.ðÀñàD��ÛðÀ/��ÀC���-��;ö�+3ð;ó�ñ6:Ö/Vð0/RD8-ñàD8-0/Rð��@ô��.�*+.ö%-¨û�/�-¨ûEð0C��Ó-®ô �Rñ��iCE-¨ûçô>��ô.D����à/.F

φ~T

�#),+"�0ñ.�3D�ñ6(çú�ô.D8- �@ô.ðÀñ�ô@-0ñà+3DÜûçô��eò�/V/RD[ö�+3C�D�ó;�
� N � QSRUT�� � e V4Z VU^ 
�^�X[^�T � X[e ^�fUT _ X[^ � � X[RUT � � �`Z�� � � R`Z � \]T �de � �GT � X�
 �
�*û�/Xú´ûçô.ð��3/ �À/Rõçô.ð0ô@-¨ñ�+3DTö�+3ð*-¨û�/Xòçô.ú��*�3ðÀ+3C�D�ó
+.özú´ûçô@ð�� /'�./RD8-E�,ó�/V-0/Rð��×ñàDE/��(ó�ñàðÀ/RúV-��.��-0û�/Xòçô.ú��35�3ðÀ+3C�D�ó ô>�����
�×/V-0ð��rúR+3ðÀð0/VúV-¨ñ�+3D;�#1_/RúRô.C��0/�-0û�/�úÜô������"�B/h-¨ð��r/RD8-0/Rð���-¨û�/Z�×/�ô>�0C�ðÀ/��×/RD8-2eñ�-0û+3õ�õ�+��Àñ�-¨/?�0ñ��.D5eñt-¨û ðÀ/��0õ�/Rúh-�-¨+o-¨û�/�ò ô������
�×/V-0ð��3F#ñt-ßñ��ßôoõ�+.-¨/VD8-¨ñ�ô>���.�Þñ.�Bõ�+3ðÓ-´ô.D8-2�À+3C�ðÀúR/T+.ö�����Ó-¨/��Bô@-0ñàú�/RðÀð0+3ð'�?�*û�/Vð0/Vö�+.ð0/�-¨û�/×ú´ûçô.ð��3/Bñ�ó�/RD8-0ñ.(çúRô@-¨ñ�+3Doõ�ð0+.òçô.ò�ñ.�àñ�-L�
ûçô��Xò�/R/RD9�B/Rô��0CEð0/Róró�ñt5ð0/VúV-��.� ö�ðÀ+�� óçô@-´ô C��ÀñàD�� ô)�À/V-T+.ö�/,��ú���C��0ñ6�3/'�.� ðÀ/RúV+3D��À-0ð0C�úh-¨/Vó � �B/'�0+3D /,�3/RD8-���� =Oñ.�3C�ð0/=-�2ñ��.�àC��Ó-¨ð0ô@-¨/'�(-0û�/2�0/VD��0ñt-¨ñ6��ñt-L�
-0+Ü-¨ûE/ßú´ûçô.ð�� ú´ûçô.ð��3/;-´ô>���3ñàD/�Üõ�ðÀ+3òçô.ò�ñ.�àñt-L���®' - �0û�+� �!-¨ûE/;õ�ð0+�ó�C�úh-+.öd-¨û�/Xû�/��×ñ��Àõ�û�/Vð0/Xú´ûçô.ð��./X-¨ô��

flav
�����#�;C/��-¨ñ�õ��àñ�/Ró?eñt-¨ûT-¨û�/$�0ñ.�3D[+.öO-0û�/

D∗
ð0/VúR+3D/�À-¨ðÀC�úV-0/RóÛñ�D-¨ûE/(+.õ�õ�+��0ñ�-0/*û�/��×ñ��Àõ�û�/Vð0/.F8ö�+3ð�-0û�/*ö�+3C�ðzö�C��.�.�;ðÀ/RúV+3D��À-0ð0C�úh-¨/VóÜó�/Vú�ô3� �B+�ó�/'�

D∗+ → (K−π+)π+ F
D∗+ → (K−π+γγ)π+ F D∗+ → (K−π+(π0))π+ F D∗+ → (K−π+π−π+)π+ �gù*ó�óEñ�-¨ñ�+3Dçô�� �0/'�à/Rúa5-¨ñ�+3D�úRðÀñ�-0/Rð0ñàô0g/Rð0/Xô.õEõ��àñ�/Ró�-¨+;-0û�/X�0úRô��à/Vó[�v/VD�/Rð����3F

XE = 2ED∗/
√

s
F�ô.D�ó�-¨û�/�/,�3/VD�-

b
5
tag

-¨+ð0/LBÀ/Rúh-
b → c → D

ö�C�ðÓ-¨û�/Vð���ù®DÝô.D8-0ñt56úV+3ð0ðÀ/��àô@-¨ñ�+3DÛò�/V-Lg/R/RDÝ-¨û�/�úV+3D8-¨ð0ñ�ò�CE-0ñà+3D��!ö�ðÀ+��Iú×ô.DEóÝò	�Cçô.ð����(ñ��*ñ�D�ó�ñ�ú�ô@-0/Ró�ò���-¨û�/ªúV+3ð0ðÀ/��0õ�+3D�óEñàD�� �0û�ô.õ�/'�,+@öd-0û�/c�0ñ��iC���ô@-0/Ró�/,�3/RD8-��®ñàD[=Oñ.�3C�ðÀ/2-�2/��d+)�À/Rõçô@ð¨ô@-0/Û-¨û�/ÛúV+3D8-¨ðÀñàò�CE-0ñà+3D/�Bö�ð0+�� úoô@D�óýòý/'�./RD8-E�T+3D -0û�/Ûóçô@-¨ô�-¨û�/'�
�À/��6�3/��VF®ô�-Lg+ó�ñ.�B/VD��0ñ�+3Dçô��8(�- _ô��ªõ�/VðÀö�+3ð��B/VóoC��0ñ�D���-¨ûE/ß�|/RD�/Vð����Þô@D�óÛ-¨û�/ßòo-¨ô����3ñ�D��Üñ�DEö�+3ð��Bô@-0ñà+3D[ñàDÛ-0û�/
� û�/'�Bñ.�0õ�ûE/Rð0/Bô��0�0/Rõ�ô.ð¨ô@-0ñàD�� �@ô.ð0ñàô.ò���/����K�*ûE/?��ô�-0-¨/VðXô��.+3ñàó/�;ô
õ�+����0ñàò/�à/�úR+3ðÀð0/'��ô@-0ñà+3DÞò�/V-Lg/R/RD-¨ûE/XûE/��×ñ��0õEû�/RðÀ/XòT-´ô>���3ñàD/��ô.D�ó�-¨û�/ªû�/'�Bñ.�0õ�ûE/Rð0/ªú´ûçô@ð��3/�-´ô>���3ñàD/�ßñàD�-¨û�/ªû�/'�Bñ.�0õ�ûE/Rð0/ª+3õEõ�+��Àñ�-0/-¨+
-¨û�/

D
ñàD9eûEñàú´û

wc

ñ.��-¨+Ùò�/
�B/Rô��0C�ðÀ/Ró;�#�d+oô>���à+� ö�+.ðiô.D�/,��õ�ð0/'���Àñ.�3/ �×/�ô��ÀC�ð0/'�B/VD8-�FO-0û�/ô.Dçô>�.���0ñ.�K-¨+×ó�/V-0/Rð��×ñàDE/ª-0û�/Xú$	�Cçô@ð���ú´ûçô.ð��3/ª-´ô����.ñàD��ßõ�ðÀ+3òçô.òEñ��àñt-L�Üñ.�eõ�/VðÀö�+3ð��B/Vó
+3DT-¨ûE/ªö�C/���P�0/h-+.ö �!ó�ñ6:Ö/Vð0/RD8-�/���ú��àC/�0ñ.�./(� ó�/RúRô��2�B+�ó�/��OC��0/Vó×ò����® �"L$#&,'L-¨+X�×/�ô>�0C�ðÀ/K-¨û�/*ú´ûçô@ð�� ô>�����
�×/V-0ð��4 - � 7 ��'6D
ô@ó�ó�ñ�-0ñà+3DÖF�-0û�/ªð0/�	�C�ñ�ð0/'�B/VD�-��Kö�+3ðeô;ú´ûçô.ð��3/�-´ô���ô>�*C��0/Vó
ñ�D�-¨û�/ªð0/'�À-e+.ö%-¨ûEñ��Kõçô@õ�/Vð _/Vð0/����ñ��3û8-��.�T�×+�óEñ.(ç/Vó�FLñàDr-0ûçô@-X-¨û�/ �������	�ÞúRCE-$_ô��;ð0/'��ô%��/Vór-¨+
b
5
tag > −0.7

ö�+.ðX-0û�/Üõ�CEð0õ�+��0/B+.ö
-��



õ�ðÀ/��0/Vð���ñàD/�
/VD�+3C��3ûrú´ûçô.ð�� /'�./RD8-E��ñàDo-¨û�/ (�-À-¨/RóI�¨ô>�Bõ���/��ß' -Xûçô��ªò�/R/VD�ú´û�/Vú��./Ró -0ûçô@-�-0û�/RðÀ/Bñ.�D�+V�0ñ��.D�ñ.(çúRô.D8-iú´û�ô.D��3/�ñ�D
wc

eûEñ��à/ �×+���ñ�D��
-0û�/ �������	� g+3ð���ñ�D��Ùõ�+3ñ�D�-Xö�ð0+��
pb = 90 %

-0+Ûô
pb

+@ö(ô.ò�+.CE-
75 %

�o:_+��;ò�ñ�D�ñàD��T-¨ûE/�ñàD�óEñ.��ñàó�C�ô��#ð0/��ÀC���-��iö�ð0+��kô>���#D�ñàDE/Üó�/Vú�ô3� �×+�óE/��;ô@D�ó ô����ö�+3C�ð��3/Rô.ð��2- � �81�5 �87�F�-¨ûE/;ú´ûçô.ð�� ú´û�ô.ð��3/�-´ô����.ñàD��×õ�ð0+.òçô.ò�ñ.�àñ�-L�?Kô��,ö�+3C�D�óÙ-0+�ò�/ió�ñ6:Ö/Vð0/RD8-,ö�ð0+��-¨ûE/0�Àñ��;C��àô@-¨/Vó
+.D�/�ò��[ô�ö�ô.úV-0+3ð
0.944 ± 0.030

ô����0ûE+!eDÙñàD
=Oñ��3CEð0/ -�-�� �*ûEñ����B/Rô.D��*-¨ûçô�-,-0û�/ú´ûçô.ð�� ú´ûçô.ð��3/�-´ô����3ñàD��ßñ.�*ñàD�ö�ô.úh-N_/Rô��./Vð,-¨û�ô.DTõ�ð0/Vó�ñàúh-¨/Ró[ñàD �Àñ��;C��àô@-¨ñ�+3D;�'6DX-0û�/ (�-L-¨+
Ab

FB

F@ 	[��-��,ô@D�ó -��EF
wc

/VD�-0/Rð�����ñ�ôK-0û�/#ó�ñ���CE-¨ñ�+3D®ö�ô.úh-¨+3ð
2wc−1

� �*ûE/A�Àñ��;C��àô@-¨/Vóó�ñ.�àCE-0ñà+3DÙö�ô@úV-¨+.ð�ñ��®-0û�/RDI�0úRô��à/Vórò��Û-0û�/�óçô@-´ô�-0+<�Àñ��;C/��ô@-0ñà+3D
ð¨ô@-0ñà+�+3òE-¨ô.ñàDE/RóÛö�+3ð
2wc − 1

ö�ð0+��-¨ûE/$�À/V-(+.ödð0/VúR+3D��Ó-¨ðÀC�úV-0/Róo�v/'�./RD8-E�VF
0.71 ± 0.15

�
� � c�H N HeS

ZLY
MOHeN HeQßJ U�W

Ab

FB�*û�/[ó�ñ.:�/RðÀ/RD8-¨ñàô��Kô>�����
�×/V-0ð�� ñ.�ßñàD��À/RD��Àñ�-0ñ.�3/�-0+Ýú´û�ô.D��3/'�Bñ�D -0û�/Tó�/V-0/Rúh-¨+3ð�/'H×úVñà/RDEú'� ò�/V-Lg/R/RDó�ñ6:Ö/Vð0/RD8-Üò�ñàD��BñàD?õ�+��àô.ð×ô.D�����/��å&,/VD�úR/
-¨û�/V�B/Rô��0C�ðÀ/��×/RD8-�+.ö®-¨û�/
òýô������"�B/h-¨ð��?ñ.�BóE+3D�/Ùñ�DúR+.D��0/VúRCE-0ñ.�3/×ñàD8-0/Rð��@ô��.�!+.ö
cos θ~T

�iù*úRúR+.ð0ó�ñ�D���-¨+�-¨û�/�ó�ñ6:Ö/Vð0/VD�-��!� �À/V-Ó56C�õ��VFL/Rñ��.û�-ª/'	�C�ñàó�ñ.�À-¨ô.D8-ò�ñ�D��ªúR+��3/Vð0ñàD/�
cos θ~T ∈ [0.0, 0.825]

ô.ðÀ/×ú´ûE+��0/VD�ö�+3ð -�� �81Tô.D�ó -�� �.4EF%ô.D�ó�DEñàD�/�ò�ñ�D��ªúR+��3/Vð0ñàD/�
cos θ~T ∈ [0.0, 0.925]

ö�+3ð
-�� � � -¨+Þ1@23232/�T'6D /Rô.ú´û ò�ñàDÝ-¨û�/B+3ò��À/Rð��./Ró ô���� �"�×/V-¨ð��Þñ��0�3ñ.�./RD ò��ð0/Võ���ô@úRñàD/�e-0û�/#ö�+3ð�_ô.ð0ó�56òçô.ú���_ô.ð0ó;ô������"�B/h-¨ð��
Af

FB

ñàD� 	�Cçô@-¨ñ�+3D��J-��(ô.D�ó?- �(ò���-¨ûE/gó�ñ6:Ö/Vð0/VD�-0ñ�ô��ô���� �"�×/V-¨ð�� +

Af,diff
FB (cos θ~T ) =

8

3
· Af

FB · cos θ

1 + cos2 θ
.

ø 1.>3ü
�d+B/,��-¨ð0ô.úV-

Ab
FB

ô�����õ�ô.ð¨ô��×/V-0/Rð��,+.öz 	�C�ô@-¨ñ�+3D��$-��Bô@D�ó=-���D�/V/Ró
-0+Bò�/Xó�/V-0/Rð��×ñàDE/RóÙòEñàD[ò*�ò�ñ�D;�O�*û�/,õ�ð0+.òçô.ò�ñ.�àñ�-0ñà/'�
wb

ô.D�ó
wD

b

-¨+Xñàó�/VD8-¨ñ�ö �i-¨û�/eò?	�Cçô@ð��ßú´ûçô.ð��3/(úR+3ðÀð0/Rúh-E�6��ô���ôªö�CED�úV-0ñà+3D×+.ö-¨ûE/*õ�+��àô.ðdô.D�����/Ag/Rð0/eó�ñ.�0úVC����À/Ró×ñàD�÷�/VúV-0ñà+3D×7 � 4/� �*û�ñ��zñ�D�ú���C�ó�/'�zúR+3ðÀð0/VúV-¨ñ�+3D��Oö�+.ðO-¨û�/_û�/��×ñ��Àõ�û�/RðÀ/úR+.ð0ð0/'��ô@-0ñà+3D/�Öö�+3ð�/Rô.ú´û�òEñàD;���*û�/#ú 	�Cçô.ð��®òçô.ú��*�3+3C�DEó
w(D)

c

ñ.��ú�ô>�àñàòEð¨ô@-0/Ró�ò��X�×/�ô.D��f+@öE/��Eú'�àC��Àñ.�./��.�ð0/VúR+3D/�À-¨ðÀC�úV-0/Róo�vû�/'�Bñ.�0õ�û�/Vð0/'�,ó�/'�0úVð0ñàò�/Ró
ñàD
÷�/VúV-¨ñ�+3D
7 � 7 �A�*ûE/XõEð0+3òçô@ò�ñ���ñ�-L�B+.özñ�ó�/RD8-¨ñtö ��ñàD��;-0û�/	�Cçô.ð��;ú´ûçô.ð��3/e+3Dß-¨û�/N���Üô��.��ô��×+3C�D8-#+.ö �àñ.�3û8- 	�Cçô.ð��;òçô.ú��*�3ðÀ+3C�D�ó×ñ���/'�À-0ñ��Bô@-¨/Vó;ö�ð0+�� �0ñ��iC���ô@-0ñà+3DC��ÀñàD��× 	�Cçô@-¨ñ�+3D
1.2;ö�+3ðK-¨ûE/$�ÀñàD����à/!-´ô>���3/Ró[ô.DEóÙ 	�Cçô@-0ñà+3D
1 -�ö�+3ðK-0û�/ªó�+3C�ò���/!-´ô����3/Ró[/'�./RD8-E�'��*û�/G�À/��à/VúV-0ñà+3D +@öª/'�3/VD8-E��ñàDU�0ñàD/���à/
ô.D�ó óE+3C�ò���/Ùú´ûçô.ð��3/Ù-¨ô����3/Vó ú�ô@-0/��3+.ð0ñà/'�?�×+�óEñ.(ç/'�×-0û�/�×/�ô.D�ñ�D���+.ö�-0û�/2�À/��à/VúV-0ñà+3Do/,HBúVñà/VD�úRñ�/��ªô.D�óGWçô��.+3C�ð®ö�ð0ô.úV-0ñà+3D/�®ú�ô>�àúRC/��ô@-0/RóÛñ�DÝ÷�/Rúh-¨ñà+.D � � � �c�*û�/(çDçô>���0/'�à/Rúh-¨ñ�+3D;/'H×úVñà/RDEúRñà/'��-´ô��@/*ñàD8-¨+�ô@úRúR+.C�D8-�-¨û�/*úV+��Bõ/�à/V-0/ �0/'�à/VúV-¨ñ�+3D;-¨û�ô@-�ð0/'	�C�ñàðÀ/���ò�+.-¨û
b
5
tagô.D�ó
ú´ûçô.ð��3/X-¨ô��Üñ�DÙô �3ñ6�3/RD
ò�ñàD[ñàD

cos θ~T

�_�*û�/i/'	�C�ô@-¨ñ�+3D��$-�-iô@D�ó=-�1ßú�ô@DÙò�/�C��À/RóÙ-0+Ü/���-0ð¨ô.úh--¨ûE/ßòo/'H×úRñ�/RD�ú,�Þô.D�óoõ�CEð0ñ�-L�
ö�+3ð,-0û�/2(çDçô>� �0/'�à/Rúh-¨/VóI�0ô��×õ��à/'���c�*û�/�úR+��iò�ñàD�/Vóoóçô@-¨ôZ�¨ô��×õ��à/�+.ö�0ñ�D�����/Bô@D�ó�C�D/�àñ��@/h5M�0ñ��.DÝóE+3C�ò���/Bú´ûçô@ð��3/�-´ô����3/Rór/'�3/VD8-E�;úV+3D8-´ô.ñ�D��iô@D�ô3�3/Vð¨ô��./Üòrö�ð0ô.úV-0ñà+3D
pb

+.öú���+��0/�-0+
90 %

ô@ö¹-0/RðK-¨ûE/XúV+��×õ��à/h-¨/X�0/'�à/VúV-¨ñ�+3D;�'6D =Oñ.�3C�ðÀ/<-�1�-0û�/
cos θ~T

ó�/Võ�/VD�ó�/VD�úR/�+@ö_-¨ûE/ÜòÝ/'H×úRñ�/RD�úVñà/��
εb
ô.D�ó

εD
b

ô.D�óròrõEC�ð0ñt-¨ñà/'�
pbô.D�ó

pD
b

ñ�� �Àû�+�eD;� �*û�/eò�õ�C�ðÀñ�-L�
psame

b

+.ö�-¨ûE/���ñ��@/h5L�Àñ��3DßóE+3C�ò���/K-´ô����./Ró�/'�./RD8-E�gñ���ô��.�0+ªñàDEú��àCEó�/Ró�Fô��!ñt-®ñ.�!ñ��×õ�+3ðÀ-¨ô.D8-(ö�+.ð,-¨ûE/Y�0/��tö#ú�ô���ñàò�ð0ô@-¨ñ�+3D<�B/h-¨û�+�óo 	[�f1 � � 1_+.-¨ûo/,H×úRñà/VD�ú'�Ûô.D�óoõ�CEð0ñ�-L�
ô.ðÀ/�À-¨ô.ò���/ÜñàDÝ-¨û�/BúR/VD�-0ð¨ô���ð0/'�3ñà+.D�+.ö*-0û�/Üó�/h-¨/VúV-¨+.ð��ÙùK- ��ô.ð��3/
cos θ~T

-0û�/Üõ�CEð0ñ�-L�Ýñ�D�úRðÀ/�ô��À/��2���à+� �.�ö�+3ð*ò�+.-¨ûTúRô@-¨/'�3+3ð0ñ�/��*+.ö �0ñ�D�����/�ô.D�ó[ó�+3C�ò/�à/!-´ô>���3/RóT/,�3/RD8-����_ùK-e-0û�/X�¨ô��×/�-¨ñ.�B/®-0û�/ªòT/'H×úRñ�/RD�ú,�ó�/VúRð0/Rô��0/'�2eñ�-0û ô[ö�ô>�À-�ó�ð0+3õÝö�+3ð
cos θ~T > 0.7

�<�*ûEñ��i/,:Ö/VúV-iñ��Xó�C�/B-0+Ûô[ó�/RúVð0/�ô>�0ñàD/�Ûó�/V-0/Rúh-¨+3ðõ�/RðÀö�+.ð��Bô.D�úR/!ö�+.ðK-¨û�/ªòT-´ô����.ñàD��;úRô.C��ÀñàD��×+3D��6��/'�./RD8-E��eñ�-0û
ôßú'�à/�ô@ð*òV�Àñ��3Dçô�-¨C�ðÀ/!-¨+�ò�/�-¨ô����3/Vó;�=ç+3ðA�ÀñàD����à/*-´ô���/'�./RD8-E�VF�-¨û�/��B/Rô��0C�ðÀ/Ró�/,H×úRñà/VD�ú'�Üô.D�óBõ�C�ðÀñ�-L�Bô.ð0/�_/'����õ�ðÀ/Ró�ñ�úV-¨/Vó�ò��?�Àñ��;C/��ô�5-¨ñ�+3Dß/��Àõ�/VúRñàô����6��ñ�D;-¨û�/eúV/RD8-¨ð0ô���ð0/'�3ñà+.Dß+.ö�-¨û�/eó�/h-¨/Rúh-¨+3ð'� �*û�/eð¨ô�-¨/���+@ö ��ñ��@/h5%ô.DEóßC�D��àñ.�./a5L�0ñ.�3Dßó�+3C�5ò���/�-¨ô����3/Vó;/'�./RD8-E��õ�ðÀ+���ñ�ó�/_�À/RD��Àñ�-0ñ.��ñ�-L��-0+
w

(D)
b

ô�� _ô��zó�ñ.�0úVC����À/Róßò�/Vö�+3ðÀ/_ñàDX-¨û�/A�0/'��ö�56úRô��àñ�ò�ð¨ô�-¨ñà+.D�F
1.2



 	[�Ö1 � �_'6DÙ=Oñ��3CEð0/�9ß-0û�/$�0ñ��iC���ô@-0ñà+3DZ_ô����0û�+�eDÙ-0+Bò�/ª-¨+�+B+3õ�-¨ñ��×ñ��Ó-¨ñ�ú®ñàD[õ�ðÀ/Ró�ñ�úV-¨ñ�D��
w

(D)
b

ò*�ô;ö�/' õ�/Vð0úR/VD8-3�J�*û�ñ��eñ��*ðÀ/'Wç/VúV-0/RóÙñ�D
1 %

ó�/,��ñàô@-¨ñ�+3D��*ñ�D
pD

b

ô.DEó
psame

b

��*û�/!òçô@ú����.ð0+3C�DEó�ö�+3ð�_ô.ð0ó�56òçô.ú���_ô.ð0ó[ô������
�×/V-0ð0ñà/'��ö�+.ðgó�F�C�ô.D�ó?� 	�Cçô.ð��×/'�./RD8-E�eô@ð0/S�À/V-K-0+-¨ûE/(÷�-´ô.DEóçô.ð0ó (
+�ó�/�� �.ô>�àC�/'�RF�ô.D�óßö�+3ð�ú*/,�3/VD�-���-0û�/*ö�+3ð�_ô.ðÀó�56òçô@ú��*_ô.ðÀóÜô������
�×/V-0ð��;ñ.� �0/h-�-¨+ªñ�-���×/�ô��ÀC�ð0/VóÛ"L #$ �@ô���C�/Bø
Ac

FB(91.260 � /�� ) = 0.0641 ± 0.0036
�K' -®ñ.�e/,��-¨ð0ô.õ�+���ô@-0/RóÙò�� �×/�ô.D/�+.ö ��	��������[-¨+�-¨ûE/®�! #"L$#&,'zúV/RD8-¨ðÀ/h5 +.ö�5L�Bô����#/VD�/Rð��3ñà/'�RF*�3ñ.��ñ�D��®5³2/� 23434��EF�2/� 23>8139!ô.DEóÜ2/�6-�1 � -eö�+.ðõ�/�ô��35Ó1�F�õ�/Rô���ô.DEó
õ�/�ô�� -ª1 � üK46-�-.FP-�1!7 �

1 -



0.66

0.68

0.7

0.72

0.74

0.76

0.78

0.8

0.82

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

w
b

wb  b-simulation

wb  DATA

single tagDELPHI

0.82

0.84

0.86

0.88

0.9

0.92

0.94

0.96

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

cos(Θthrust)

w
bD

wb
D  b-simulation

wb
D  DATA

double tag

=Oñ.�3C�ð0/;9 + �j�0� � � �[5�� 5 " � "�� � � � ""���� ��"=�F� 5 �.
 � � E � ����� ���!������� � ��� � � ��� �%�<� � "=! 
 � �.��"����H� ��� �"� �
���� � ������ %��j� � 
&�� ��� � �#� � �$� �%+ � �"� �	� �$�&
�� � � ���'� "F�G# ��� ���;#�# �7� ��� ���0��� & �"� �	���%+ ���g� ���U�.� 
 5 �#�
����#�#.�7� � �����0���&% � �!� ��� � �]� ���U�� ��� " � �!%

131



-0.025

0

0.025

0.05

0.075

0.1

0.125

0.15

0.175

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

δ

-0.025

0

0.025

0.05

0.075

0.1

0.125

0.15

0.175

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

cos(Θthrust)

β

1992
1993

1994
1995 1996-2000

δ correlation (single tag)

β correlation (double tag)

DELPHI

=Oñ.�3C�ð0/ �/+ �)��� � ��� �.��"#��� ��� � "=�G# �#� �%�<� �� 
 5 �#� � �;#�#.��� � "=! 
 � �.� �7� �������0���4� ��� �"� �O�.� � � � ������ � �
������ %

1.4



0

0.02

0.04

0.06

0.08

0.1

0.12

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

<δ
>

<δ>
<δ> thrust>0.90

<δ> no jetcharge with κ=0.3

<δ> thrust>0.90 + no jetcharge

<δ> correlation (single tag)

-0.02

0

0.02

0.04

0.06

0.08

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

 cut on |flavhem|

<β
>

<β>
<β> thrust>0.90

<β> no jetcharge with κ=0.3

<β> thrust>0.90 + no jetcharge

<β> correlation (double tag)

DELPHI

=Oñ.�3C�ð0/ � + �j� � ! � �%� ��� ��� � ����� ����� � ��"�� ��
δ
�%�<�

β
� ������� � "=! 
�� �.��"���� � �)� ��
%� ����"���� ��� ��� � � 
�

��� �"� � �,� � �,#.� � �;#�� 
� � 
� |flav
����� | %��	��� ""��$� ��� �?��
�� �j� ��! " � �d� �$� � �,� �3�$#.��� � ��+ � � E 8 � � "=�0����:

� �$�&
�� ��� 
�� "=�G#6! �>� " � ���6� � ��+ ���$E �A+ " ��� � 
� ���0� �!���	�,� �3�$#.� "F� � 
� � � �
κ = 0.3

�%�<� 5.� ��� + " ���
�%� �B� � "���"#��� � � ��
.� � � �"� � ����!
��&�#� � � 
 �7& |~T | > 0.9

& � � � �$� �%+ ��%A� ��� ��" �!��"#� � � 
'� �!�$�&� � "=�0��"#��� ���
���0� � "=� �$�	� � �	� � " #��0����� "=�0��� ��� � ��� + " ��� � �$��� �!� � � � �"� � � � "=�0���!%

1 �



0

50

100

150

200

250

300

350

400

450

-1 -0.5 0 0.5 1

Data 1994-95

c → D*

b → D*

Background

DELPHI

flavhem * Q(D)

N
(e

ve
nt

s)

=Oñ.�3C�ð0/�-�2/+ �j� ��� � �>�0
 � ����� ��� � �,� � �$# � ����#�# "=�[#43���
��$� �G3�����+ ��� E � 
� � 
� ��"=! ���)�"� � �,� �3�$#.��� � �
� ���!���.�&���!
 ��� �7�

D∗+ "=� �"� �	� �� ��� " ��� � ��! " � �d� ������%�� �� � � �&
 5 � � �)��� �"� �g��
 � � ���%!�� �#��� " �)� � �%+ �
� �$� � � ��� " � ��
 �&���$�.��"#��� � 
���� ��������� �j� �.� �.��������! � � " �����'�"� � � � 
�� �.�!� �@� �,� �%� � �$� �

D∗+ → (X)π+ &
+ � �$� �

X
� �;� 5.�

K−π+ &
K−π+γγ

&
K−π+π−π+ ���

K−π+(π0)
& � ��� �"� �O�.� � � ��������;� ��� %��j� �

c → D∗
� �$� ����"���� + �3��"=� �$� � �3� �7� 5@� � � �.
�" � "F�G#

XE > 0.45
�%�<� �"� � � �����0�

b
�
tag

"F� ��� � �$�%�G#.�
−0.7

���
1.0

% �j� ��5 �.
 � �$E �%�<� �!� !65 "=� �.����� " � �L5 � �,EB# � � 
'� � " � �!��� � ���������+
 � "=�[#��"� �O! � � �!
�� ���
� " �&��� " 5.
.��"�� ��� � ��! � � �� � ��� ����� ������������"���� ��� ��� � �$�%! �?� �.��� ���;! � �#���!%

137



0.75 1 1.25 1.5

0.944 ± 0.030

1.037 ± 0.083

0.977 ± 0.089

0.889 ± 0.065

0.811 ± 0.069

1.391 ± 0.241

0.803 ± 0.183

1.029 ± 0.099

0.918 ± 0.151

0.962 ± 0.086

D*+→(K-π+)π+

D*+→(K-π+γγ)π+

D*+→(K-π+(π0))π+

D*+→(K-π+π-π+)π+

D*+→(K-e+ν)π+

D*+→(K-µ+ν)π+

D0→K-π+

D0→K-π+(π0)

D+→K-π+π+

Average

wc ratio 1992-95

=Oñ.�3C�ð0/<-�-�+ �j�0� ���.��"�� ���'� ��� �.� �.��� � � � "=! 
�� �.��"#��� "=� �"� � � �
 � � E �,� � �,#.� ""�.���0��"�� � �.��"����
wc� ����� " ��7� 5@���

flav
� � � ����# "=� ��� ��! " � �d� �$� ��� �� ��� "����	� ���!������&���&
 � ������� % �j�0� � � � � �����!
���� " �

����!��!�� � � �7� "=� �"� � � � "=C���� ���0� �.�!� �@� �,� �;� � ��� � 
�� ��� "=� �����  %

1.>



0

0.1

0.2

0.3

0.4

0.5

0.6

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

<ε
b>

<εb> DATA

<εb
D> DATA

<εb> simulation

<εb
D> simulation

0.84

0.86

0.88

0.9

0.92

0.94

0.96

0.98

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

<p
b>

<pb> DATA

<pb
D> DATA

<pb> simulation

<pb
D> simulation

DELPHI 1992-2000

0.88

0.9

0.92

0.94

0.96

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

cos(Θthrust)

<p
bsa

m
e >

<pb
same> DATA

<pb
same> simulation

=Oñ.�3C�ð0/"-�1 + �j� �A5 ��� ��"���� ��"#���
εb

�%� �
εD
b

�%� � ��� �'� 
�� "���"#���
pb

�%�<�
pD

b

� ��� � "=�G# ��� �%�<� �.� 
 5 �#�

'�� "=E � ��� "F#�� � �;#�#.��� ��� ���0��� � � �6��
'� � ��"�� � ��� ��� � � ��� � � �;�G# ��� % �j� ��� 
�� " � �

psame
b

� � � �.� 
 5 �#�
� "FE ����� " #�� ����#�#.�7� � �����0��� " �'�����#��� �%�0� � ���g! � � �!
�� "F�G# ��� � �,� � �,#.� ���;#'# "=�G# � � �[5 �G5 " � "�� ��&

w
(D)
b

%

139



� N$P QSRUT�� ��� �de � �GT � X[^�e]_
�*û�/0�B/Rô��0C�ðÀ/��×/RD8-!+@öz-¨û�/XòG	�Cçô.ð���ö�+3ð�_ô.ð0ó�56òçô.ú���_ô.ð0óÛô������"�B/h-¨ð��Tñ.���À/RD��Àñ�-0ñ.�3/X-¨+ � :K� úR+3ð³5ð0/VúV-0ñà+3D��e-¨+�-¨ûE/0	�Cçô.ð��Z(çDçô��8�Ó-´ô@-0/�� �*û�/XúR+.ð0ð0/VúV-0ñà+3DT-´ô��@/��,ñàD8-¨+Bô.úRúV+3C�D8-����àC�+.D
ð0ô.ó�ñ�ô�-¨ñà+.D�ö�ð0+��-¨ûE/Bõ�ðÀñ��Bô.ð��#	�Cçô.ð��oõ�ô.ñàðªô.DEór-¨ûE/Bô@õ�õ�ð0+3��ñ��Bô@-0ñà+3Do+.ög-¨û�/×ñàDEñ�-¨ñàô��O	�Cçô@ð��oó�ñ�ð0/Rúh-¨ñ�+3DÞò*�o-0û�/×/,��5õ�/Rð0ñ.�B/VD8-´ô��.�.�0�B/Rô��0C�ðÀ/RóÜ-0û�ð0C/�À-_ô%��ñ����O�*û�/®/,:Ö/VúV-E�g+.ö;���àC�+3D×ð¨ô@ó�ñ�ô@-0ñà+3Dßû�ô��./!ò�/R/RDBú�ô���úRC��àô@-¨/Vó×-0+�0/VúR+3DEóo+3ð0ó�/Vð,ñ�D

αs

ö�+3ð��Bô������à/'����	�C�ô.ð��*�RF�ô.D�ó
ö�+.ð®ô.DÛô������"�B/h-¨ð��Tò�ô��0/VóÛ+3DÙ-0û�/iõçô@ðÀ-¨+.D#�à/,�3/'�-¨ûEð0C��Ó-*ô%��ñ��'� �*û�/,ð0/��Bô.ñ�D�ñàD��ªúV+3ð0ðÀ/RúV-0ñà+3D�ö�ð0+�� -¨û�/,õçô.ðÀ-0+3D�-¨+�-0û�/®û�ô.ó�ð0+.D?�à/,�3/'��-0û�ð0C��Ó-Kô!�Eñ.�gû�ô��ò�/R/RD[ó�/h-¨/Rð��Bñ�D�/Ró[ò��K�×/�ô.D��e+.ödûçô.óEð0+3D�ñ.�¨ô@-0ñà+3D?�B+�ó�/��.�*ñàD (
+3D8-0/i:Kô@ð��à+Y�Àñ��;C/��ô@-0ñà+3D;�ùáð0/Rô��àñ.�À-¨ñ�ú?�×/�ô��ÀC�ð0/'�B/VD8-�ûçô���ôoð0/Vó�C�úR/Vó?/���õ�/Vð0ñ��×/RD8-¨ô�� �0/VD��0ñt-¨ñ6��ñt-L�r-0+o-¨û�/ � :K�á/':�/Rúh-E�ò�/Rú�ô@C��0/e+.ö�ò�ñ�ô>�0/���ñ�Dß-¨û�/eô.D�ô��.���0ñ.�#ô��8ô.ñ�D��À-z/'�3/VD8-E�Ceñ�-¨û�ûçô@ð0ó ���àCE+3Dßð¨ô.óEñ�ô@-0ñà+3D;�L'6D�-¨û�ñ.��ô.Dçô>�.���0ñ.�-¨ûE/*ú´ûçô.ð��./e-¨ô����3ñ�D���ô.DEóBô>���0+,-¨û�/eòß-´ô����3ñàD��®ñàD8-¨ðÀ+�ó�CEúR/*ô�ò�ñàô���ô��8ô@ñàD��Ó- � :K�å/,:Ö/VúV-E�'� �*û�/Vð0/Vö�+.ð0/-¨ûE/ � :K�vúR+3ðÀð0/VúV-¨ñ�+3DTú�ô.D[ò�/ceðÀñ�-À-¨/RD[ô��$4 -�7%7 +
Ab,QCD

FB = (1 − Cb)A
b,noQCD
FB = (1 − sb Cb

QCD)Ab,noQCD
FB .

ø 139.ü
&,/Vð0/

Ab,noQCD
FB

ñ��d-0û�/*ô������
�×/V-0ð��X+.öç-¨ûE/KñàD�ñt-¨ñàô��8òY	�Cçô.ð��*�Oeñt-¨û�+.CE- ����C�+3D;ð0ô.ó�ñàô@-¨ñ�+3D�F�eû�ñàú´ûßúRô.Dò�/Kú�ô���úRC��àô@-¨/Vó�ö�ðÀ+�� -0û�/ �×/�ô��ÀC�ð0/Vó�ô������"�B/h-¨ð��
Ab,QCD

FB

-¨ûEð0+3C��.û;-¨û�/KúV+3ð0ðÀ/Rúh-¨ñà+.D;úR+�/'H×úRñ�/RD8-
Cb
��*û�ñ.�,úV+3ð0ðÀ/RúV-0ñà+3D
úR+�/'H×úRñ�/RD8-,ú�ô.DÛò�/Xó�/RúV+��Bõ�+��À/RóÛñ�D�-0+Üô×õ�ð0+�ó�C�úh-®+@öO-¨ûE/�ö�C��.� � :K� úR+3ðÀð0/Rúh-¨ñ�+3D

Cb
QCD

-¨+ß-¨û�/ªò<	�Cçô.ð��Tô>�����
�×/V-0ð��?�B/Rô��0C�ðÀ/Ró
C��0ñ�D��ß-¨û�/�-¨ûEð0C��Ó-,óEñàð0/VúV-0ñà+3D[ô.D�óT-¨ûE/$�À/RD��Àñ�-0ñ.��ñ�-L�
sb

+.öd-0û�/ªñàD�óEñ.��ñàó�C�ô���ô.D�ô��.���0ñ.�_-¨+
Cb

QCD

��*û�/�/,��õ�/Rð0ñ.�B/VD8-´ô��dò�ñ�ô��®ñ�� �Ó-¨C�ó�ñ�/RóÞ+3DT�Àñ��;C��àô@-¨ñ�+3DÙò��G(E-0-¨ñ�D��Ü-0û�/ßó�ñ.:�/RðÀ/RD8-¨ñàô��zô>�����
�×/V-0ð��+.ö#-¨ûE/;òT�0ñ.�;C���ô�-¨ñà+.DÛô@ö¹-0/RðS�À/V-À-¨ñàD/��-¨û�/Y�3/VD�/Rð0ô@-¨/VóÞô������"�B/h-¨ð��Ù+.ö#-0û�/ßñàD�ñt-¨ñàô��fòT	�Cçô.ð��*��ò�/Vö�+3ðÀ/����C�+3Dßð¨ô@ó�ñ�ô@-0ñà+3DX-¨+�-¨ûE/N�Üô%��ñ.�;C�� +.ö
75 %

ø� 	 ��1@>8ü,� �*û�/e+3ò��0/Vð��./RóÜðÀ/��àô@-¨ñ6�3/Kó�ñ6:Ö/Vð0/VD�úR/'��+@ö�-0û�/ô���� �"�×/V-¨ðÀñà/'�_ô.ðÀ/S�Ó-¨C�ó�ñ�/RóZ�À/Rõçô@ð¨ô@-0/��.��ö�+3ðg/�ô.ú´û
cos θ~T

ñàD8-0/Rð��@ô���ô.D�óÜò�ñàDBñàD �������	� �z'6D�=Oñ��3CEð0/$-�4-¨ûE/[úV+�/,H×úRñà/VD8-
Cb

ñ.�Y�0û�+�eD ö�+3ðY�0ñ�D�����/�ô.D�ó ó�+3C�ò/�à/�-´ô>���3/Ró /,�3/RD8-��×ö�+3ð;-0û�/Tó�ñ.:�/RðÀ/RD8-Y�3/Rô.ð��'�ùK-����Bô����
cos θ~T

�@ô��àC�/'�(-0û�/$�0/RD/�0ñ�-0ñ.��ñ�-L��-0+B-0û�/iô>�����
�×/V-0ð��Tñ.�����Üô��.�fô.D�óÙû�/RD�úV/
Cb

ð0/VúR/Rñ6�3/'��ô��ô@ð��3/Vð �À-¨ô@-¨ñ.�À-¨ñ�ú�ô��ÖC�D�úR/VðÀ-¨ô.ñàD8-L���g),+@-¨/!-¨û�ô@-(D�+ �����À-0/��Bô@-¨ñ�úc�@ô.ðÀñ�ô@-0ñà+3DÜ+.ö
Cb

eñt-¨û
cos θ~T

ñ��N�0/V/RDô@-N�àô.ð��./!õ�+���ô.ð_ô.D�����/����#=çðÀ+��l-0û�/ªúR+�/'H×úRñ�/RD8-
Cb

-¨ûE/�/,��õ�/Vð0ñ.�B/VD�-¨ô���ò�ñàô��_ö�ô.úh-¨+3ð
sb
ñ.�*ó�/RóEC�úR/Vó�FC��ÀñàD��Bô"�@ô���C�/"46-�7�7%+.ö

Cb, sim.
QCD = (3.06 ± 0.03)%

-0ûçô@-(ñ�� �Àõ�/VúRñ.(�ú�-¨+�-¨ûE/�õ�û����0ñ�ú��®ô.D�óÙóE/V-¨/VúV-0+3ð�×+�ó�/'����ñàD��BñàDÛ-¨ûE/��! #"%$#&(' �0ñ.�;C���ô�-¨ñà+.D;�c�*û�/Y�.ô>�àC�/'��+.ö
sb
ô3�3/Vð¨ô��./RóÝ+!�./Rðªò�ñ�D���ñàD

b
5
tag

ô.D�óõ�+���ô.ðKô.D�����/ªô.ð0/X�Àû�+�eDÙñàD �dô.ò���/ � ö�+.ðK-¨û�/ªó�ñ6:Ö/Vð0/RD8- �3/Rô.ð��(+.ödóçô@-¨ôß-¨ô���ñàD��/�
�./�ô.ð

sb

4
%
7-�� �81 1.9 ± 9-�� �34 1�- ± �-�� � � -�4 ± 7-�� �87 -�4 ± �- � �3>�5³1.23232 - � ± �

�Oô.ò/�à/ � +0� 
'!A! � ��� ��� 5 " � �g��� ����� � �
sb

+ " ��� ���0��" �'�!���.��" �!��"���� � 
%� �!�$�&���3"=�0� � %

<!D
ðÀ/�ô��fóçô�-´ô;-¨û�/�-0û�/R+3ðÀ/V-0ñàú�ô>��ú�ô���úRC��àô@-¨ñ�+3D�ó�ñ.�0úVC����À/RóÛô@ò�+��3/Xñ��eô@õ�õ��àñ�/Ró�FEô��*-¨û�/ªúRô��àúVC���ô@-0ñà+3Dñ��×/,��õ�/Rúh-¨/Ró -0+�ò�/V�×+3ðÀ/
ô@úRúRCEð¨ô@-0/
-¨û�ô.D?-0û�/#�Àñ��;C��àô@-¨ñ�+3D;�D�*û�/ÙúV+3ð0ðÀ/RúV-0ñà+3D ö�ô.úh-¨+3ð×ûçô��Bò�/V/RDD�/, �.�Ý/��Ó-¨ñ��Bô@-0/RóÝñàD�ðÀ/Vö�/Vð0/RDEúR/T4 -�>%7�FO�.ñ.��ñàD��
Cb, est.

QCD = (3.54 ± 0.63)%
��'6D�-¨û�/�ö�+��.�à+�eñàD��K(�-��

-¨ûE/ÜúR+.ð0ð0/VúV-0ñà+3DrúR+�/'H×úRñ�/RD8-E�
sb · Cb, est.

QCD

ô.ð0/×-´ô��@/RD ñ�D8-¨+Ûô@úRúR+.C�D8-iö�+3ðX/�ô.ú´û òEñàD�ñ�Drõ�+��àô.ðXô.D�����/�0/Võçô.ð0ô@-¨/'�.�Tô.DEó[ûE/RD�úV/iô��.�fô���� �"�×/V-¨ðÀñà/'�N	�CE+.-¨/VóÙô.ðÀ/ªúR+3ðÀð0/Rúh-¨/Vó[ö�+3ð � :K�v/':�/Rúh-E���
1��
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C
b

Cb (single tag) DELPHI
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-0.02
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0.06

0.08
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0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

cos(Θthrust)

C
b

Cb (double tag)

1992
1993

1994
1995

1996-2000

=Oñ.�3C�ð0/ -�4 + �j� � � "���� ��� ��� ��� � � �!��� � ������"#��� "F� ��� 
>� "F�G#+�	��� �$� "F! ��� � � �`5 " �3� ��� � � �H��
'� � ��"#���
��� ��� � � ��� � � �;�G# ���+� � ���0� �"��&
��!� � �." �&% � � �"� � 
&�� ��� � ��� � �"� � �!��� � �!� ��"#��� " � � � �%+ � � � �
� "F�G# �#���,� � �$# � ����#�#.�7� ��� ���0���U� � ��! �"� ��� "=C��������0�L�� �3� �&% � � ��� � ���%+ ���)� �#� � ��� � �!��� � �$��� ���<� "F�G#
�!� � � ������"����� � ���	� � �%+ � � ���U�� 
 53�����,� � �,#.� ���;#'#.�7� ��� ���0���!%

1��



� N�� QSRUT��OX e��AX[RUT V � �`Z�� � ��e �	� Z � f���V4Z��	� � Z � f Z�� �.a acTdX ���
�*û�/�òZ	�Cçô@ð��Bö�+.ð�_ô.ð0ó�5 òçô.ú���_ô.ð0óTô������
�×/V-0ð��Bñ��_/���-¨ð¨ô@úV-¨/Vó�ö�ð0+��lô

χ2 5M(E-Kó�ñ6��ñ�ó�ñàD/��-¨ûE/!óçô@-¨ôi+.ö/�ô@ú´û<�./�ô.ð*ñ�D � ñ�D8-¨/Rð��@ô����K+@ö �������	� � �*û�ñ.�*ô��.�à+� �_ö�+3ð_-0û�/ªú´ûçô.D��./�ñàD�òTõ�C�ðÀñ�-L��ô@D�óTñàD�-¨ûE/X�0ñ �V/�+.ö-¨ûE/®û�/'�Bñ.�0õ�û�/Vð0/(úR+3ðÀð0/'��ô@-0ñà+3D���ô��gôXö�CED�úV-0ñà+3DB+.ö �������	� �z'6DÜô.ó�ó�ñt-¨ñà+.D�F�ñ�-�ð0/Vó�C�úR/'�_-¨ûE/,ó�/Võ�/VD�ó�/VD�úR/+3Dß-¨ûE/(ú´û�ô.ð��|ô>�����
�×/V-0ð���ö�ð0+�� ±0.00023
ö�+.ð�ôX�0ñàD/���à/*úVCE-#+3D �������	�i-0+ª-0û�/N�@ô��àC�/_+.ö ±0.00014ô��c	�C�+.-0/RóÝñàDo-´ô.ò/�à/�>/�Y�%/Rú´û�DEñàú�ô>���.�

Ab
FB

ñ���/,��-0ð¨ô.úh-¨/RóÝñàDÞ/Rô.ú´û�ñ�D�-0/Rð��.ô>�Oö�ð0+��Iô
χ2 5&(�-�-¨+�-0û�/(��./�ñ�D�ó�/Rõ�/RDEó�/RD8-(/'�./RD8-!úRô@-¨/'�3+3ð0ñ�/��

N
F
N
F
ND

F
ND

ô.D�ó
N same

ñ�D�ò�ñàD/�(+@öOõ�+���ô@ð*ô.D�����/���*û�/ßó�+3CEò��à/�ú´ûçô.ð��./i-´ô����3/RóÛCED��àñ.�./h5M�0ñ.�3DÙ/,�3/RD8-���ô@ð0/ �À/RD��Àñ�-0ñ.�3/�-¨+Ü-0û�/ßô���� �"�×/V-¨ð��3F�ò�CE-!-0û�/ð¨ô�-¨/��(ô��.�0+ß/VD�-0/RðeñàD8-0+;-¨û�/ªó�/h-¨/Rð��Bñ�Dçô@-0ñà+3D�+@öd-0û�/ªú´ûçô.ð��./!-´ô����.ñàD��ßõ�ðÀ+3òçô.òEñ��àñt-¨ñ�/��
wb

ô.D�ó
wD

b

F�ô��ú�ô@DÙò�/$�À/R/VDÛñàD[ 	�Cçô@-¨ñ�+3D��®1 � ô.D�óÛ137 �J�*û�ñ�� �à/Rô.ó��e-¨+×úR+3ðÀð0/'��ô@-0ñà+3D��_ò�/h-L_/V/RDÛ-¨ûE/XõEð0+3òçô@ò�ñ���ñ�-¨ñ�/��ô.D�ó[-¨û�/0�B/Rô��0CEð0/RóÛô������"�B/h-¨ð��Tñ�DÙ/Rô.ú´ûÛò�ñ�D;�e'6D
-¨ûE/iúR+��;ò�ñàDE/Ró
χ2 5&(�-e-¨+Ü-0û�/$(/�3/;/,�3/RD8-�ð0ô@-¨/'�

N
F
N
F
ND

F
ND

ô.D�ó
N same

-¨û�/'�0/(úR+3ðÀð0/��àô@-¨ñ�+3D��Oô.ð0/*-´ô>�./RD×ñàD8-0+ªô.úRúV+3C�D8-3�]h��0ñàD/�ª-0û�/*/�	�Cçô�-¨ñà+.D��ô.ò�+��3/.F�-0û�/;ð0ô@-¨/'��ú�ô.Doò�/;/,��õ�ðÀ/����0/Ró�ô���ôÜö�C�DEúV-¨ñ�+3DÛ+.ö#-0û�/;òT	�Cçô.ð��
ö�+3ð�Kô.ðÀó�56ò�ô.ú���Kô.ðÀóÝô������ß5�×/V-¨ð��
Ab

FB

F�-¨ûE/�õ�ð0+3ò�ô.ò�ñ���ñ�-L�
wb

ô.DEóT-Lg+×ô.ð0òEñ�-¨ð0ô.ð��×D�+.ð��Bô��àñ.�¨ô@-0ñà+3D�ö�ô.úV-0+3ð��Aeû�ñàú´û[ô.ò��À+3ð0ò�-0û�/+��3/Vð¨ô��.�Ö/'H×úVñà/RDEú'��úV+3ð0ðÀ/Rúh-¨ñà+.D���� �*ûE/��0/ªD�+.ð��Bô��àñ.�¨ô@-0ñà+3D��#ô@ð0/ �À/V-K-0+i-¨û�/Vñàðgõ�ð0+3õ�/RðA�.ô>�àC�/'�_ö�+3ð_/Rô.ú´ûò�ñ�D�ñàDÜ-0û�/ (�-3� �*ûE/XD�C��iò�/VðK+.ö%ó�/��.ð0/R/'�e+.öLö�ð0/R/Vó�+�� ñ��S-�7�ö�+3ð -�� �31 - �34;ô.D�óT-�9�ö�+3ð -�� � � 5Ó1.2.232/��*û�/
χ2 õEð0+3òçô@ò�ñ���ñ�-¨ñ�/��!ö�+3ðX-¨û�/Ü43>V(�-��iñ�Dr-¨ûE/�ó�ñ.:�/RðÀ/RD8-;ñ�D8-¨/Rð��@ô����XñàD �������	��F��3/Rô.ð��ßô@D�ó /RDE/Rð��>�õ�+3ñàD8-E�eûçô3�./iò�/R/RD<�3/Vð0ñ.(�/Ró�F�ô.D�óÙô.DÙô3�./Rð¨ô>�3/

χ2 +@ö -�� 2892Kô��eö�+3C�DEóVeñ�-0ûÙô@DÙð�� �<� �'�ç+.ö�2/� 4 �/�g' -ûçô���ò�/R/VDrúVð0+����Ó5 ú´û�/Rú��@/Ró +3D �Àñ��;C��àô@-¨ñ�+3D
-0ûçô@-!-0û�/2(�-À-¨/RóÞö�+3ð�Kô.ðÀó�56ò�ô.ú���Kô.ðÀó�ô>�����
�×/V-0ð��
Ab

FBð0/Võ�ð0+�ó�C�úV/��®-0û�/�-0ð0C�/Xö�+3ð�_ô.ðÀó�56òçô@ú��*_ô.ðÀóoô������"�B/h-¨ð��
Ab

FB

+.öz-0û�/ �Àñ��;C/��ô@-0/Ró[òG	�Cçô.ð��T/,�3/RD8-�����*û�/T�Ó-´ô@-0ñ��À-0ñàúRô��®õ�ðÀ/RúVñ��0ñ�+3DUeñt-¨û eû�ñ�ú´û -0û�/Û-¨ðÀC�/Þô���� �"�×/V-¨ð�� ñ.��ð0/hö�+3C�D�ó ñ�D -¨û�/Þô@Dçô��.���Àñ���ñ.�
±0.0017

ù®D�+.-0û�/Rð�ú´ûE/Rú��oûçô��X�Ó-¨C�óEñà/RóÞó�ñ�ð0/VúV-E�6�Ûô�õ�+����0ò�ñ.�à/2�Ó-´ô@-0ñ��À-0ñàúRô��Oò�ñàô��!ó�/Võ�/VD�ó�ñ�D��T+3DÛ-¨û�/�0ñ �R/�+.öe-0û�/ �¨ô��×õ��à/'�;ñàD -0û�/Tó�+3C�ò/�à/Ü-¨ô����3ñ�D��Ù-¨/Vú´û�D�ñ.	�CE/��)�*û�/T/':�/Rúh-�+.ö��0C�ú´û?ôoò�ñ�ô��i+3D -¨û�ñ.�ô.Dçô>�.���0ñ.� Kô��*ö�+3CED�ó[-0+�ò�/ªD�/'���àñ.�3ñàò���/��'6D =Oñ��.C�ð0/ - � -0û�/F�×/�ô��ÀC�ð0/Vó ô������"�B/h-¨ð0ñ�/�� eñ�-¨û -¨û�/VñàðU�Ó-´ô@-0ñ��Ó-¨ñàúRô��T/RðÀð0+3ð��ýô.ð0/ �0û�+�eDñàDvñ�D�-0/Rð��.ô>���o+.ö �������	� ö�+3ðÛ-0û�/ ó�ñ.:�/RðÀ/RD8- �3/�ô@ð���� �*û�/ òçô.D�ó ð0/Võ�ð0/'�0/RD8-��r-¨ûE/?+��3/Vð¨ô��.�ßð0/'�0C��t-
Ab

FB(91.231 � /�� ) = 0.0958 ± 0.0032(
�Ó-´ô@-��

)
eñ�-0û ñ�-��?�Ó-´ô@-0ñ��À-0ñàúRô��eC�D�úR/VðÀ-¨ô.ñàD8-L��� =Oñ��3CEð0/I-�7�0ûE+! �g-¨û�/��B/Rô��0CEð0/RóÜó�ñ.:�/RðÀ/RD8-¨ñàô���ô������"�B/h-¨ð��ßö�+3ðA�ÀñàD����à/(ô.D�óBó�+3C�ò���/(-¨ô����3/VóÜ/,�3/RD8-��*ô��Kôªö�C�D�úa5-¨ñ�+3DÛ+.ö

cos θ~T

ô3�3/Vð¨ô��./RóÞ+��3/RðXô��.���./�ô.ð��ª+.ö�óçô@-´ôÜ-¨ô���ñàD��Tô@D�óo+��3/RðXô��.� �������	�ÙñàD8-0/Rð��@ô��.���XùS�8ô@ñàD�F+3D��6�Z�Ó-´ô@-0ñ��À-0ñàúRô��ÖC�DEúR/RðÓ-´ô.ñ�D8-¨ñà/'�(ô.ð0/c�0ûE+!eD
ô.D�óT-¨ûE/Xò�ô.D�ó[ð0/RõEð0/��À/RD8-E�(-¨û�/ª+��3/Vð¨ô��.��ð0/'�0C��t-3�
� q��fq�� � xL�Û�� �%������� �%�E����~R�8��~
�*û�/�óçô�-´ôT�0/h-E��ô@-×1 � /�� ô.ò�+��3/Tô.D�ó ò�/���+! -0û�/<��56õ�+��à/B/�ô.ú´û ûçô3�./
ô@ò�+3C�-�ôÙö�ô.úV-0+3ð (��./ �à/����/'�./RD8-E�!-0ûçô.DÙ-0û�/iúV+3ð0ðÀ/��Àõ�+3DEó�ñàD��B+3D�5 õ�/Rô��Tóçô@-´ô ���*ûE/'�oô@ð0/�ô.Dçô��6� �À/RóÛC/�0ñàD/�Ü-¨û�/0�¨ô��×/$�B/h-¨û�+�óô��*-¨ûE/

91.231 � /�� óçô�-´ôEFçò�C�-Neñ�-¨û[ôßö�/' ô.óçô.õE-0ñà+3D/��+
• �*ûE/�+�:�5 õ�/Rô��×óçô@-´ôi-¨ô��./VDTñàD8-¨/Vð��×ñ�-0-0/RD8-E�6��ò�/h-L_/V/RD[-¨û�/c�Ûõ�/�ô��Bð0C�DED�ñàD��EFED�+ß/���-0ð¨ô εb

�
εcúRô��àñ�ò�ð¨ô@-0ñà+3D
Kô��eó�+.D�/.Fçò�C�-(-0û�/ªõ�/Rô���úV+3ð0ðÀ/RúV-0ñà+3D�ö�C�DEúV-¨ñ�+3D�� g/RðÀ/iô.õEõ��àñ�/Ró;�

• �*ûE/
/VD�/Rð���� ó�/Võ�/VD�ó�/RDEúR/Û+.ö(-¨ûE/[ú´û�ô.ð��3/T-´ô>���3ñàD/�oõ�/VðÀö�+3ð��Üô.DEúR/�ñ��ßDE/�����ñ��3ñ�ò��à/B+!�./Rð�-¨û�ñ.����Üô��.�*ð¨ô.D/�3/
+@ö�úR/VD�-0ð0/a56+.ö�5M�Üô����Ü/VD�/Rð��3ñà/'��� ÷�+r-0û�/Ùõ�/�ô>� ðÀ/��ÀC���-��Bö�+3ð�-¨û�/[-L_+9�3/�ô@ð��Üñ�D	�C�/'�À-¨ñ�+3Doö�+3ð®-0û�/
wb

ô.D�ó
wc

�B/Rô��0CEð0/��×/RD8-��X+.Doóçô@-´ô�ô>� _/'����ô��!-0û�/Y�0ñ.�;C��àô@-¨/VóÛú´ûçô.ð��3/-¨ô����3ñ�D���ñàD�õ�C�-(-0+B-0û�/$(E-�F
wuds

Fç-¨û�/�úR+3ðÀð0/'��ô@-0ñà+3D��
δ
ô.DEó

β
ô.DEó
-¨ûE/ � :K��úV+3ð0ðÀ/RúV-0ñà+3D

Cbô.ðÀ/!-¨ð0ô.D��Àö�/Vð0ðÀ/Ró
-0+ß-¨û�/Vñàð*+�:�56õ�/�ô��Üô.Dçô��6���0ñ��'�
• �*ûE/�D�C��;ò�/Rðe+.ö cos θ~T
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� ��� ��� � ��� � � � � �,� �� �3�	���L� �.��� ���%E "=�[#G&
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�������	�9�3+�+�ó �./RðÓ-¨/,��ñ�D��ÞñàDEö�+3ð��Üô�-¨ñà+.Drñ.�;õ�ð0/'�0/VD�-×ñ�D�-¨û�/�/,�3/VD�-Bô.DEó úV+3D��À/�	�C�/RD8-��.� -0û�/û�/'�Bñ.�0õ�ûE/Rð0/ÜúR+3ðÀð0/��àô@-¨ñ�+3D��iô.ð0/Z���Üô>���&�V�*û�/�úR+.ð0ð0/'��ô@-0ñà+3D/�

δ
ô.D�ó

β
ô���ô
ö�C�DEúV-¨ñ�+3D +.ö*-0û�/

�������	��ñàD8-¨/Vð��@ô��fô.ðÀ/c�0û�+�eD
ô��*-¨û�/�ö�C��.��ó�+.-��(ñ�DT=Oñ��.C�ð0/X1.2 �
4 �
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=Oñ.�3C�ð0/_-��/+ �j� � � � ��
 �$� ��� ��� � � � � ��"#��� �,� �!��� � ������"#��� ��
'� � ��"�� � ���� � "#�7��� ���"� �gò�5 -¨ô�������� � � � " � 5 ���
��� � "=! 
�� �.� �7� � �������0���&% �j� �,� �3� � � � �%+ � � ��� �"� � ��+ � ! ���&� "F! � ���&� �%�0�j���� ��� ��� "��>� � �%�<��� � �
��� ���0��� "F� ��� � �����0���$� � �%� �2� � �7+ � �@� ����# "#���� � � �"� � �� ���!� �����!% 1 � ��� � �,� � ��!����! �.��"�� � � � " �.��"����
��� �.� �%C��!����� ��� ��5 ���;#�# "=�G# ��� � "�5 ��� ��"�� �+��� �`��
'�0����"#����?+ ����� ��� ����� ��� 
�� � ���7�G& �����B� "F�G# ����� � "F#��0�����
� �."=������� � � �!� �$�&% �j� �A! � � "=! � �)�%� � ! "F�"=! � � ����� ���!� ��"�� � � � 
'�<�S� ��� �%�'� � � � " �.��"#��� � ���%� �"� �
��� � ���S5 �%�<� &U� �%! ��� � ��� � ����� � ��
��"���� � � � " �.��"���� �.�ßò�5 -¨ô�������� 5.���#�'+ � %$� �%�<� �"� � ����� ����� � ��"�� �
� � � " �.��"#��� �$� � � + � ������%

ù��ßô��àðÀ/�ô.ó �9�×/RD8-0ñà+3D�/Vó�ò�/Vö�+3ðÀ/.Fz-0û�/ÜúV+3ð0ðÀ/���ô�-¨ñà+.D��iô@ð0ñ��À/?�Bô.ñàD/�.�Ûö�ðÀ+�� ú´ûçô.ð��./�úR+3D/�0/Rð��@ô�5-0ñà+3D
ñàD
-0û�/;/,�3/RD8-ªô@D�óoô.ðÀ/iñàD8-0ð0+�ó�C�úR/VóoñàD8-¨+×-¨û�/iô.Dçô��6���0ñ����Üô@ñàD��6�?��ñ�ôB-0û�/ BÀ/h-!ú´ûçô@ð��3/ßô�-
κ = 0.3

F�eû�ñ�ú´û�ñ��C�0/VD��0ñt-¨ñ6�3/e-¨+�-0ð¨ô.ú��*�Jeñ�-¨û"�à+�U�B+��×/RD8-¨ô/�O�*û�/,õ�+����0ñ�ò�ñ���ñ�-L�iC��0/Vó�ñàDB=Oñ���5C�ðÀ/ ��-0+iðÀ/��×+!�./®-¨ûE/CBÀ/V-_ú´ûçô.ð��3/®ö�ð0+�� -0û�/®ñ�D�õ�CE-��g-0+�-¨ûE/�),/VC�ð¨ô���),/h-L_+.ð��×ûçô��*ô��.�0+�ò�/V/RD/��Eõ/�à+3ñt-¨/Róo-0+T-0/��Ó-�-0û�/ �À-´ô@ò�ñ���ñ�-L�
+.ög-0û�/�úR/VD�-0ð¨ô�� �@ô���C�/ßó�ñàðÀ/Rúh-E�.����=Oñ��.C�ð0/×1.2�ó�ñ.�0õ��àô3� ��-0û�/�×/�ô.DÙû�/��×ñ��Àõ�û�/RðÀ/iúV+3ð0ðÀ/���ô�-¨ñà+.D����./Rð��0C��!-0û�/;ñàD8-0/Rð��@ô��.�,ñ�D �������	�
+3D�úV/iö�+3ðe-¨û�/�ö�C����%),/VC�ð¨ô>�)(/V-Lg+3ð��Þô��XC��À/Rór-0û�ð0+.C��3û�+3C�-X-0û�/×ô.Dçô��6���0ñ��ªô@D�ó�+3DEúR/ßö�+3ð�-¨û�/ �×+�óEñ.(ç/Vór)(/V-Lg+3ð�� ø¹ö�C����-0ð0ñ�ô@D����à/'�´ü�eñt-¨û
QJ(κ = 0.3)

-´ô>�./RDÝ+3CE-���=ç+3ð®-¨ûE/"�×+�ó�ñ.(ç/VóÞ),/VC�ð¨ô��z),/V-Lg+3ð��Û-¨û�/�úR+.ðÓ5ðÀ/���ô�-¨ñà+.D��(ô.ð0/�ú��à+��0/ª-¨+�2/� � û�/VDoC��0ñ�D��B-0û�/2�×+�óEñ.(ç/Vó
û�/'�Bñ.�0õ�ûE/Rð0/�ú´ûçô.ð��3/;)(/V-Lg+3ð���FÖ-0û�/
Ab

FB(91.231 GeV )
ð0/��ÀC���-S�0û�ñtö¹-E�,ò*�

+0.0011
���*û�ñ��,ñ��

0.6σ
+.öz-0û�/;/,��õ�/Rúh-¨/Ró �Ó-´ô@-0ñ��À-0ñàúRô���@ô.ðÀñ�ô@-0ñà+3DTúR+��Bõçô@ð0ñàD/�×-0û�/;óçô@-¨ô
�0ô��Bõ/�à/����0/'�à/Rúh-¨/Vóoò*�[-¨ûE/ �×+�ó�ñ6(ç/RóÙô.D�óÙ-0û�/�ö�C/���Lú´ûçô.ð��3/-¨ô����

4 �
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=Oñ.�3C�ð0/i1.2/+ �j� � �,� �3�$#.�4� ��! " � �d� ����� ����� ����� � ��"�� ��.� ��� �"� � � � � � � �%E � � ��� � � �������%� ������ � ��� �&
��
���0� "F� � ��� ���3�'"=� ò�5 -¨ô�� % �j�0� �����&
 ����� 
�� "=�G# ��� � ��
�� �g� ��! " � �d� ����� �,� � �$#.� ����# 8F��
�� �U�� ���,: � ���
�!� ! ���3� �7� ����� ! �>� " � ��� � ��� � "������ � ��� �O3���
��$� � 3�����+ ��� E 8���� " �;�G# ���$�,: "=�2+ �"��,� �"� � �!��� �,� � �,#.�
+ "��"�

κ = 0.3
+ � � ���%E ��� � 
� %

�*û�/A�0û�ñtö¹-OúV+3ð0ðÀ/��Àõ�+3DEó��d-0+
+1σ

ñàDª-¨û�/A�����À-0/��Bô@-¨ñ�úg/Vð0ð0+.ðO	�C�+.-0/Róiö�+3ðf-0û�/
20 %

CED�úR/VðÀ-´ô@ñàD8-L�ðÀ/���ô�-¨/Ró�-0+�-0û�/ªû�/��×ñ��Àõ�û�/Vð0/ªúR+3ðÀð0/'��ô@-0ñà+3D;�
• '6DK��ñ��3û8-A	�Cçô.ð��B/'�./RD8-E�(ô2����C�+3D?�Àõ��àñt-0-0ñàD���ñàD8-¨+ßô�ú ú!õçô.ñ�ð_+3ðgò ò�õçô.ñ�ð_�3ñ6�3/'�Kð0ñ.�0/®-0+Y�àñ�ö�/h-¨ñ.�B/ñ�DEö�+3ð��Bô@-0ñà+3D ö�ðÀ+��b-¨û�/[ó�/Vú�ô3����+.ö!-0û�/
õEð0+�ó�C�úR/Vó û�/Rô��*�D	�Cçô.ð�� ûçô@ó�ð0+3D/��� ù �@ô.ðÀñ�ô@-0ñà+3D+.ö,-¨û�/<�0õ/�àñ�-À-¨ñ�D��oð¨ô@-0/�� eñ�-0û�ñàD -¨û�/[/RðÀð0+3ð��B+.D?-¨ûE/
õ�ðÀ/��À/RD8-?g+3ð���ó ô3�./Rð¨ô>�3/��

g → ú ú
=

(2.96 ± 0.38) %
ô.D�ó

g → ò ò
= (0.254 ± 0.051) %

46-�9�7zñ.�®ñàDEú��àCEó�/RóÛñ�DÙ-¨ûE/ �����Ó-¨/��Bô@-0ñàú/Vð0ð0+.ð��
• �,/Rú�ô3���z+.ö � 0 ô.D�ó Λ

ñàDcWçñ��3û8-��à/Rô.óª-¨+e-¨ð¨ô@ú�����eñ�-0û0�àô.ð��3/#ñ.�Bõçô@úV-Lõçô.ð0ô��×/V-¨/Vð��Peñ�-0û�ðÀ/��Àõ�/VúV--0+�-¨û�/;õEð0ñ��Bô.ð��<�./RðÓ-¨/,�Þô.D�óoúR+.D��0/'	�CE/RD8-E�6�oú�ô.DT��/�ô.óÛ-0+�ôZ�àñtö�/V-0ñ��×/Xñ�DEö�+3ð��Üô@-0ñà+3D[ñàD#�àñ��.û�-	�Cçô.ð��Ü/,�3/RD8-����_�*ûE/�ð¨ô@-0/!+.ö��0C�ú´û[ó�/Vú�ô3���,ñ�DZ�àñ.�3û8- 	�Cçô.ð���/'�./RD8-E�N_ô��N�.ô@ð0ñà/Vó�ò�� ±10%
-¨+/'�À-¨ñ.�Üô�-¨/!-¨ûE/�/':�/RúV-,+3D�-¨ûE/$��ñ��3û8-N	�Cçô@ð���/,HBúVñà/VD�ú'�

εuds

�
• �*ûE/"�Àñ �V/×+@ö_-¨ûE/ � :K� úR+3ðÀð0/VúV-¨ñ�+3DÞñ��!-0û�/R+3ðÀ/V-0ñàú�ô>���.�V��D�+�eDr-0+
ò�/

0.0354 ± 0.0063
4 -�>%7 ��*û�/e/��Eõ�/RðÀñ��×/RD8-´ô>��ò�ñ�ô>�z+.ö�-¨û�/Kö�C��.��ô.D�ô��.���0ñ.�z+3Dß-¨ûE/ � :K�ýúR+.ð0ð0/VúV-0ñà+3D�ûçô���ò�/R/VDBóEñ��0úVC����À/Róñ�DD�À/RúV-0ñà+3D >/�6-�� �*û�/Vð0/Vö�+.ð0/T-¨û�/V�����À-0/��Bô@-¨ñ�ú
C�DEúR/RðÓ-´ô.ñ�D8-L� ó�C�/
-0+Ý-0û�/ � :K� úR+3ðÀð0/Rúh-¨ñ�+3DðÀ/RúR/Vñ.�./���-Lg+ úR+3D8-¨ðÀñàò�C�-¨ñà+.D��RFe+3D�/V�3ñ.�./RDýò�� -0û�/#�Ó-´ô@-0ñ��Ó-¨ñàúRô��(õ�ð0/VúRñ��Àñà+3DDeñ�-¨ûDeû�ñàú´û -0û�/

� :K� ò�ñàô��0_ô��;/'�À-¨ñ.�Üô�-¨/Ró�+3D �0ñ.�;C��àô@-¨ñ�+3D�FL-¨û�/�+@-¨û�/Vði+3D�/Üñ�� �.ñ.�3/VD ò��r-0û�/Ü-¨ûE/R+3ðÀ/V-¨ñ�ú�ô��/Vð0ð0+.ðN�;C���-0ñàõ���ñà/Vó�ò���-¨û�/ª/��Eõ�/RðÀñ��×/RD8-´ô>��ò�ñ�ô>���
'6D�=Oñ��.C�ð0/ �K-0û�/#û�/��×ñ��Àõ�û�/RðÀ/#úR+3ðÀð0/��àô@-¨ñ�+3D��

β
ô.D�ó

δ
ô.ð0/ �Àû�+�eD0eñt-¨ûXô.D�óceñ�-0û�+3CE-%ô.õEõ��.��ñàD/�ô�úRC�-g+@ö

thrust > 0.9
�O�*û�/,óEñ.:�/Rð0/VD�úR/'��ô.ð0/eó�C�/*-0+�/,:Ö/VúV-E�#ö�ð0+�� ����C�+3D�ð¨ô.óEñ�ô@-0ñà+3D;�%&(/RD�úV/-0û�/�úR+3ðÀð0/VúV-¨ñ�+3D�ö�+3ð_-0û�/�û�/'�Bñ.�0õ�û�/Vð0/!úV+3ð0ðÀ/��àô@-¨ñ�+3D��_ñ�D�ú���C�ó�/'�eô.D�ñ��×õ��àñ�úRñt- � :K� úR+.ð0ð0/VúV-0ñà+3D;�=çð0+�� -0û�/��@ô.ðÀñ�ô@-0ñà+3D×+.öf-0û�/®û�/'�Bñ.�0õ�ûE/Rð0/®úR+3ðÀð0/��àô@-¨ñ�+3DBô��*ô�ö�C�DEúV-¨ñ�+3DÜ+@öf-¨û�/®-0û�ð0C/�À-KúVCE-K-0û�/ò�ñàô��®+.DÛ-¨û�/ � :K�|úR+.ð0ð0/VúV-0ñà+3DÙö�ðÀ+�� û�/��×ñ��Àõ�û�/RðÀ/;úR+.ð0ð0/'��ô@-0ñà+3D/�,ñ.�®/��Ó-¨ñ.�Üô@-0/RóÛ-0+�ò�/

50 %
��*û�ñ.��ô.ó�ó�ñt-¨ñà+.Dçô��EòEñ�ô��zö�ô.úh-¨+3ð#ûçô>�#-0+�ò�/*-´ô��@/RDBñàD8-¨+Xô.úVúR+3C�D8-#ö�+3ð�-¨ûE/������À-¨/'�Üô�-¨ñàúe/Vð0ð0+.ð�óEC�/
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-0+;-¨û�/®-0û�/R+.ð0/V-0ñàúRô��ÖC�DEúR/RðÓ-´ô.ñ�D8-L�3Fçô.óEó�ñàD��
0.00031

-¨+;-0û�/ �@ô��àCE/®+3òE-¨ô.ñàDE/Ró�ö�ð0+��l-0û�/ �À-0C�ó/�-0ûçô@-eC��À/��(+3D��.�B-¨û�/c�Àñ��;C��àô@-¨/Vó � :K� ò�ñàô����
• �*ûE/�úR+3D8-¨ðÀñàò�C�-¨ñà+.DÜ-¨+;-0û�/®-¨+@-´ô���/Rð0ðÀ+3ðKó�CE/!-¨û�/ ��ñ��×ñ�-0/Ró (
+3D8-¨/X:Kô.ð��à+2�0ô��×õ��à/ �Àñ �V/!ú�ô.D�ò�//'�À-¨ñ.�Üô�-¨/Ró�ò���óEð0+3õ�õEñàD��;ö�ðÀ+��l-0û�/

χ2 5M(�-_-¨û�/c�À-¨ô@-¨ñ.�À-0ñàú�ô>��C�DEúR/RðÓ-´ô.ñ�D8-¨ñà/'�Kö�ð0+��l-¨û�/X�Àñ��;C/��ô�5-0ñà+3D;�O' -,ñ.�N	�C�+.-¨/VóV�À/Rõçô@ð¨ô@-0/��.�Üö�ð0+��l-¨û�/ªõ�C�ðÀ/0�Ó-´ô@-0ñ��Ó-¨ñàúRô��Ö/Vð0ðÀ+3ð*+.ö%-¨û�/ªóçô@-¨ô/�
ùS�.��úR+3D8-0ð0ñàòECE-¨ñ�+3D��K-¨+ß-0û�/c�����À-0/��Bô@-¨ñ�úX/Vð0ðÀ+3ðeô.ð0/c�ÀC��
�Bô.ðÀñ��0/Vó�ñàD �dô.ò��à/'�(>×ô@D�ó
9 �
:_+3D8-¨ðÀñàò�C�-¨ñà+.D ��ô.ð0ñàô@-¨ñ�+3D

∆Ab
FB × 102

√
s = 89.449

√
s = 91.231

√
s = 92.990

Rb 0.21624 ± 0.00065 ∓0.010 ∓0.011 ∓0.016
Rc 0.1721 ± 0.0031 ∓0.010 ∓0.014 ∓0.021

Ac
FB 0.0641 ± 0.0036 ±0.019 ±0.014 ±0.018

�dô.ò��à/T> + � ��� ���<���� ��"#��� ���
Ab

FB

� � �"� � ����������� �%+ ���%E ��� �$�%! �����$� �!%��j� � ��C������ ������� � ±1σ� � � " �.��"#��� �����0��� "�5.
� ��� ��� ��� � ���.�!����! �.��"�� 
'� �����&� � "=�0� � % �j� � ! � �3�&
����7� ���3��
 �'���
Ac

FB

� � ��! �����! 
" � � � ������� ��� �.����� ��� �4-���� � � �!���0��� ������� �"! �3� ����� �$�$# "#���`5@� ! ���%�� ��� �
	 ����� �L&B# "�� "=�G#��!� % ����� ��&
� % �������	�;�<��� % � ��� �4� ��� � � �%E>� ��& � ���%E �%�<� � � �%E 	��.%

:_+3D8-¨ðÀñàò�C�-¨ñà+.D ��ô.ð0ñàô@-¨ñ�+3D
∆Ab

FB × 102

�81�5³1.23232
ó�/V-0/RúV-0+3ðeð0/'�0+���CE-¨ñ�+3D �0/V/�-¨/,��- ±0.035û�/'�Bñ.�0õ�û�/Vð0/ �������	�ÜúR+3ðÀð0/��àô@-¨ñ�+3D�� ±20 % ±0.011úªú´ûçô.ð��3/c�0/Rõ�ô.ð¨ô@-0ñà+3D �0/V/�-¨/,��- ±0.025C�ó��eú´ûçô@ð��3/ªñàóE/RD8-¨ñ6(çú�ô@-0ñà+3D ö�C����Ö/':�/RúV- ∓0.048û�/��×ñ��Àõ�û�/Vð0/�ú´ûçô.ð��3/XúR+3ðÀð0/��àô@-¨ñ�+3D�� ±20 % ±0.107���àCE+3DK�0õ���ñ�-À-¨ñàD/�

g → bb̄ 0.00235 ± 0.00051 ±0.005����C�+3D �0õ���ñ�-À-¨ñàD/�
g → cc̄ 0.0296 ± 0.0038 < 0.0001ð¨ô@-0/�+.ö

K0/Λ ±10 % ±0.006/Vð0ðÀ+3ð*+3D � :K� ò�ñàô�� �0/V/�-¨/,��- ±0.022CED�úR/VðÀ-´ô@ñàD8-L�T+.ö � :K�vúR+.ð0ð0/VúV-0ñà+3D �0/V/�-¨/,��- ±0.040�À-´ô�-¨ñ��Ó-¨ñ�ú�ô���/Rð0ðÀ+3ðe+.ö �0ñ��iC���ô@-0ñà+3D ±0.016-¨+.-¨ô��;��� �Ó-¨/'�Üô@-0ñàú�/Vð0ð0+.ð ±0.14

�dô.ò��à/�9 +0����!����! �.��"���
'�0�!���!��� "F�0��"��$� �%�<����� �$" �'"F����
 ��� �!� ��� ��� � �� ���$� ! "=� �.��"������ �
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ò�/ªñàD�ú'�àC�ó�/VóTñàD�-¨û�/ªõ�+��à/!ô������"�B/h-¨ð�� +

A0,b
FB � 0.0978 ± 0.0030(

�Ó-´ô@-��
) ± 0.0014(

��� �Ó-3�
)
�

h��ÀñàD���/'	�C�ô@-¨ñ�+3D��c-Xô.D�óÙ1;ö�+.ðK-¨û�/ª/':�/Rúh-¨ñ6�3/X/��à/VúV-0ð0+�_/Rô��Z�×ñ6��ñàD/��ô.D�����/
sin2θ`

eff

�3ñ.�./��'+
sin2θ`

eff � 0.23230 ± 0.00054

�*û�/A�B/Rô��0C�ðÀ/��×/RD8-zõEð0/��À/RD8-¨/Vó�ñàD�-0û�ñ��%õçô.õ�/Rðdô��3ðÀ/R/'�O_/'����eñ�-0ûiõ�ðÀ/'��ñà+.C��Oó�/h-¨/Vð��×ñàDçô@-0ñà+3D/�%+@ö
A0,b

FBô@-,"L #$ýô.D�óÙúV+3D��À/�	�C�/RD8-��.�<eñ�-¨ûT-¨ûE/�úVC�ð0ðÀ/RD8-�"L #$ýô3�3/Rð0ô��3/c�@ô��àC�/ª+.ö
A0,b

FB = 0.0994 ± 0.00174 4EFç1�F -��>7 ��' -*ñ��×õ�ðÀ+!�./��*+3D�-0û�/�õ�ðÀ/RúRñ.�0ñ�+3D?eñ�-0û�ð0/'�0õ�/RúV-e-0+;-¨û�/!õEð0/'��ñ�+3C��e�! #"L$#&,'_ðÀ/��ÀC���-��*ò*��ôö�ô.úh-¨+3ð*+.ö
1.36

�

� 7
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^aJ
Z
W�UXM

A
0,b
FB

SXQ[j
A

0,c
FB$�ð0/VúRñ��Àñà+3D �×/�ô>�0C�ðÀ/��×/RD8-E�T+.öª-¨ûE/Ýò 	�Cçô.ð��?ö�+3ð�Kô@ð0ó�5 òçô.ú���Kô@ð0ó ô������"�B/h-¨ð�� ô.ð0/o+.òE-´ô.ñ�D�/Róýñ�D�! #"L$#&,'ªö�ð0+�� -¨ûEð0/R/�ñ�D�ó�/Võ�/VD�ó�/RD8- �×/V-0û�+�ó/�RFzó�ñ6:Ö/Vð0ñ�D��#�Bô.ñàD/�.�ÞñàDr-¨û�/?_ô3��-0û�/�ò ú´ûçô.ð��3/�ñ.�ð0/VúR+3D/�À-¨ðÀC�úV-0/Ró;���*û�/,�Ùô@ð0/Xòçô��0/VóÛ+3D[-¨û�/$�à/VõE-¨+3D
ú´ûçô.ð��3/iñ�DV�À/��×ñ��à/VõE-¨+.D�ñàúc1åó�/RúRô����Y4 4>7�F�+3D
-0û�/BÀ/V-×ú´ûçô@ð��3/I4 1%7eñàD ò -´ô����./Ró /'�./RD8-E�B+3ð�+3D -0û�/[),/VC�ð¨ô��e)(/V-Lg+3ð�� ú´û�ô.ð��3/T-´ô>�Ýñ�D -¨û�/[ô.Dçô>�.���0ñ.�õ�ðÀ/��0/VD8-¨/Ró[û�/Vð0/��C�*û�/�ðÀ/��ÀC���-��_ö�+3ðKô>����-¨û�ðÀ/R/X�×/�ô��ÀC�ð0/'�B/VD�-��eô.ð0/®úR+��×õçô.ðÀ/Ró�ñ�DK�Oô.ò/�à/ ��F/�0ûE+!eñ�D��ôY�3+�+�ó �;CE-0Cçô��fô>�3ð0/V/��×/RD8-3�

(
/V-0û�+�ó óçô@-¨ôY�0/V-��
A0,b

FB�à/VõE-¨+.D[ú´û�ô.ð��3/ - � �/-V5 �87
0.1024 ± 0.0051 ± 0.0024BÀ/h-,ú´û�ô.ð��3/ - � �81�5 �87
0.1011 ± 0.0044 ± 0.0015),/RCEð¨ô��L)(/V-Lg+3ð�� -����81�5Ó1@23232
0.0978 ± 0.0030 ± 0.0014

�dô.ò��à/ �/+����$�&
�� ��� � ����! ��� ���"�� ���O! ���!� � ���!��" � �
Ab

FB

! � �3�&
�����! ���0��� � ���$� ��� ! �7� ��� �"� � �4-��i�
�����.� �.��� �.� �"� ��������!� �!��� ��� ������� �"! � � � ��� �$�$# "#���

89.449
&
91.231

�%� �
92.990

%

�*û�/ �B/Rô��0CEð0/��×/RD8-���ô.Dçô��6� �À/�úR+��"�×+3D óçô@-¨ôG�0/h-E�×ô.D�ó /��×õ���+!�9�0ñ.�Bñ.��ô.ðªòçô>�0ñàú�-0/Rú´û�DEñ�	�C�/��VF�0CEú´û
ô>�_-¨û�/®ò�-´ô����.ñàD��iô.D�ó�-¨ûE/JBÀ/V-*ú´û�ô.ð��3/>�#&,/VD�úR/!-0û�/RðÀ/ªô.ð0/ �Ó-´ô@-0ñ��Ó-¨ñàúRô���úR+3ðÀð0/'��ô@-0ñà+3D���ò�/V-Lg/R/RD-¨ûE/;-¨û�ðÀ/R/×ô.Dçô��6���0/��!-0ûçô@-�û�ô��./�ò�/V/RDÝ/'�@ô��àC�ô@-¨/Vóoò*�G�B+3DEñ�-¨+.ð0ñàD/�BúV+��
�×+3DGWçCEúV-¨C�ô@-¨ñ�+3D��!+3Do-0û�/��ô@ð��3/ -�� � � �Àñ��;C��àô@-¨/Vóró�ô@-´ô �0/h-�FO-0ûçô@-cKô>�ió�ñ6��ñ�ó�/RórñàD8-¨+I-�232 �0CEò�5L�0ô��Bõ/�à/��ªö�+3ðª-¨ûçô�-iõ�CEð0õ�+��0/>��*û�/ªð0/'�0C��t-¨ñ�D��Y�.ô>�àC�/'�Kö�+3ðK-¨û�/ªúV+3ð0ðÀ/���ô�-¨ñà+.DTô.ð0/c�0C/�
�Bô.ð0ñ.�0/Vó�ñàD �Oô@ò��à/ �/�
Ab

FB

),)e56ú´û �
Ab

FB

�à/VõE-¨+.D
Ab

FB

)®)*56ú´û;� -
0.29 ± 0.09

Ab
FB

BÀ/V-Ó56ú´û;�
0.53 ± 0.07 0.31 ± 0.09

�dô.ò��à/ �/+ �)��� � �$� �.��"�����U5.����+ �!��� ���0�4� "=C��������0�D! ���"� �[� � 
����7� "=� �4-��
��� � � ������ ���$! "F� � �"� � 5
� � � !A! ����� � %

�*û�/�ô.D�ô��.���0ñ.�#ò*�
�×/�ô.D���+.ö�-0û�/S��/RõE-0+3DÜú´û�ô.ð��3/,ñàD
�0/��×ñ���/RõE-0+3D�ñ�ú 1 ô.D�óÜ� ó�/RúRô3� �*ñ�D��3+��6�3/��_ôúR+.ð0ð0/'��ô@-0ñà+3D!-0+eú´ûçô.ð��<���*û�/RðÀ/Vö�+3ðÀ/#-0û�/#úR+��iò�ñàD�/VóX�! #"%$#&('�ð0/'�0C��t-E�fö�+3ð�-¨ûE/�ò�ô.D�óªú�ô���� �"�×/V-¨ðÀñà/'�ô.ðÀ/!ó�/V-0/��×ñàD�/VóZ�0ñ.�;C��t-´ô.D�/V+3C����.�3F�-´ô>��ñ�D��;ñ�D�-0+;ô.úVúR+3CED�-*-0û�/��À/X�À-¨ô@-¨ñ.�À-¨ñ�ú�ô���úV+3ð0ðÀ/���ô�-¨ñà+.D��Kô��J_/'���Öô��úR+.ð0ð0/'��ô@-0/Ró �����À-¨/'�Üô�-¨ñàú
/RðÀð0+3ð���� �*û�/ÛúÙô.D�óýòýô>�����
�×/V-0ð��D�B/Rô��0CEð0/��×/RD8-��Üö�ð0+�� /��Eú'�àC��Àñ.�./��.�ð0/VúR+3D/�À-¨ðÀC�úV-0/Ró � �B/'�0+3D/� 46- � 7�ô.ðÀ/oô��.�0+ ñàDEú��àCEó�/Ró ñ�D -¨ûE/oúR+��;òEñàDçô@-0ñà+3D �F�*û�ñ��ÜúR+��;òEñàDçô@-0ñà+3D�3ñ6�3/��*-0û�/�ö�+�����+!eñ�D�� �@ô���C�/��eô.DEó[-0û�/Rñ�ðK-¨+.-¨ô���/RðÀð0+3ð��
A0,b

FB = 0.0990 ± 0.0029, A0,c
FB = 0.0706 ± 0.0068

eñ�-0û[ô
χ2 �@DEóEöO+@ö 11.2/(21 − 2)

ô@D�óÙô;-0+.-´ô��ÖúR+3ðÀð0/��àô@-¨ñ�+3D�+.ö −0.050
ò�/h-L_/V/RD[-¨û�/'�V�

� >



� ] KBQ�U�� ^VHej�\XHeN HeQ�J
Z

�r/�ô@ð0/c�3ð0/Rô@-E�6�Üñ�D�ó�/VòE-¨/Vó[-0+B+3CEðK-¨/Rú´ûED�ñàúRô��fúR+��.��ô.ò�+3ð0ô@-¨+3ð��RF�-¨+�-¨û�/c�×/��;ò�/Rð��*+.ö%-¨û�/�:K CR,)*5Ó÷E"�®ñ6��ñ.�0ñ�+3Drö�+3ðª-¨ûE/Ü/,��úV/�����/RD8-ßõ�/RðÓö�+3ð��Bô.D�úV/B+.ö*-0û�/�"L #$vúR+��.�àñàóE/RðXô.D�ó�-0+
-0û�/Üö�C�D�óEñàD��Ùô��3/RDEúRñà/'�ö�+3ðK-0û�/Rñ�ðN�0C�õ�õ�+3ðÓ-,ñ�DTò�C�ñ���ó�ñàD/�ßô.D�ó[+3õ�/Rð¨ô�-¨ñàD/�;-¨û�/X�! #"L$#&,'Kó�/h-¨/VúV-¨+.ð��
�r/�ô@ú���DE+! ��/Ró��./�ñ�D�õçô.ðÀ-0ñàúVC���ô.ðg-¨û�/c�0CEõ�õ�+.ðÀ-(+.öù®C/�À-¨ðÀñ�ô.D[=ç/RóE/Rð¨ô>� (
ñàD�ñ.�À-0ð���+@öz �ó�C�úRô@-¨ñ�+3D�F�÷�úRñà/VD�úR/�ô.D�ó
:_C��t-¨C�ðÀ/.F � �Ý> -�>/� 43> � �31�56'0'À' �31.ô � � �EF=z)�R®÷���= �ý<;Fç= ��ô.D�óE/Rð��*'6D/�À-¨ñt-¨CE-0/�-¨+×/RD�úV+3C�ð¨ô>�3/c�0úRñ�/RD8-¨ñ6(çúXô.D�ó�-¨/Vú´û�D�+���+��3ñ�ú�ô���ðÀ/��À/�ô.ðÀú´ûÙñàD�-0û�/ñàDEó�C��À-0ð��Ýø�' � �(ühF[1_/'���3ñ�C��[F=O'³), �$%F�:K)®$ 	�F�:_ù!$# �÷�F�= h!A�1åô.D�ó[=�ù®$# JR,AEF[1_ð0ô��Rñ.� F: �R/Vú´û+(
ñ�D�ñ��Ó-¨ð���+.öO'6D�ó�C��Ó-¨ð��[ô@D�ó �dð0ô.ó�/.F � ù : Rv1.281����3> �.2 � 7.2;ô.DEó � ù ù �,: R ù0-�2/-�23731 -3F:_+��"�Bñ.���Àñà+3D�+@öd-0û�/X #CEð0+3õ�/�ô.DÙ:_+��"�;C�D�ñt-¨ñ�/��ªø�� ��� 'À'ÓühF�®ñ�ð0/Rúh-¨ñ�+3DTó�/��,÷�úVñà/RDEúR/��(ó�/c��ô (
ô@-¨ñ /̀RðÀ/.F�:K �ùiF�=çð¨ô@D�úR/@F1_C�DEó�/����Bñ�D�ñ��Ó-¨/RðÀñàC��lö

¨
C�ð 1_ñ.�àó�CED���F � ñ.���À/RD��Àú´ûçô@ö¹-�F�=ç+3ð��0ú´û�C�D��BC�D�ó<�d/Vú´û�D�+���+��3ñà/@F � /Rð��Bô.D��3F

� /RD�/Vð¨ô��%÷�/VúRðÀ/V-´ô@ð0ñ�ô�-*ö�+3ð R(/'�0/Rô.ð0ú´ûÙô.D�ó �d/Vú´û�D�+���+����.F � ðÀ/R/RúV/.F)®ô�-¨ñà+.Dçô��e÷�úVñà/VD�úR/Ù=�+.C�D�óçô@-0ñà+3D ø�) � <Xü�ô.D�ó =ç+3C�D�óçô�-¨ñà+.D ö�+.ð
Re/��À/�ô.ðÀú´û +3D (Ùô@-0-0/Rð
ø�=%< (ÛüaF�*û�/X),/h-¨û�/Vð��àô.D�ó��VF),+.ð�g/��3ñàô.D<R(/'�0/�ô@ð0ú´ûo:_+.C�D�úRñ.� F÷�-¨ô@-¨/I:_+��"�Bñt-0-¨/V/áö�+3ð ÷�úRñ�/RD8-¨ñ6(çú Re/��À/�ô.ðÀú´û�F $%+���ô@D�ó�F 1.$#234�1K2.>32/-�7�F 1@$�2.4�1S-�-�-�-�> ô.D�ó÷E$]hS1��.$#234 �.�X��4 ��� �EFA3),'Ó:_����A.C�D8-´ôÜ),ô.úRñ�+3Dçô��Öó�/ª'6D*�./��Ó-¨ñ��3ô	��
.+Ü:_ñà/VD8-�.(�ú�ôß/c�d/VúRD�+�� +́��3ñ�ú�ôEFE$d+3ðÓ-¨C��3ô�� F
�#/RóE/Rú���ô
�3ð0ô.D8-¨+��@ô�ô��3/RD8-0C�ð¨ô (Û÷[÷/RXFç÷ �à+��@ô���ñ�ôEFE),ð'� �37 �37 -��37 � -�4 � F
(
ñ�D�ñ��Ó-¨ð��Ü+.öz÷�úRñ�/RD�úV/�ô@D�óV�%/Rú´ûED�+��à+�����+.ö%-¨û�/$Re/Rõ�CEò��àñ�ú�+.ö�÷��à+��3/VD�ñ�ôEF:_'Ó: �X��F�÷�õ�ô.ñàD�FEù! #) �3>�� -�>3>/-Xô.DEó[ù® #) �3>�5E-�> �/-.F�*û�/�÷�g/Ró�ñ.�0ûÙ)®ô@-0C�ð¨ô��f÷�úRñ�/RD�úV/ Re/��À/�ô.ðÀú´ûo:_+3C�DEúRñ���F$Oô@ðÀ-¨ñ�ú���/ª$#û����0ñ�ú��,ô.D�óTùS�Ó-¨ðÀ+3D�+�� �KR(/'�0/�ô@ð0ú´ûo:_+.C�D�úRñ.� F h �ßF�®/Võçô.ðÀ-��B/VD8-,+@öz �D�/Vð����.F<h®÷�ùiF��® ���= � 281�� � �  CR � 2 �/-�9 �
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� n[noHeQTj�P�^ �

'6D
-0û�ñ�� �×/�ô��ÀC�ð0/'�B/VD8-,/,�3/VD�-���ô.ðÀ/$�À+3ðÀ-0/Ró
ñàD8-¨+Y(��./ió�ñ6:Ö/Vð0/RD8-(ú�ô�-¨/��.+3ð0ñ�/����A�*û�/��À/iúRô@-¨/'�3+3ð0ñ�/��eô.ðÀ/ó�/,(çD�/Ró
ñàD �0/VúV-0ñà+3D
1 +
N =

D�C��;ò�/Rðe+.ö �0ñ�D����à/®û�/��×ñ��Àõ�û�/RðÀ/�-´ô����./Ró�ö�+3ð�_ô.ðÀó
/,�3/RD8-��RF
N =

D�C��;ò�/Rðe+.ö �0ñ�D����à/®û�/��×ñ��Àõ�û�/RðÀ/�-´ô����./RóTòçô.ú���_ô.ð0óÛ/,�3/VD�-��RF
ND =

D�C��;ò�/Rðe+.ödó�+3C�ò/�à/�û�/'�Bñ.�0õ�û�/Vð0/�-´ô>���3/Ró�ö�+3ð�Kô@ð0ó[/'�3/VD8-E�RF
ND =

D�C��;ò�/Rðe+.ödó�+3C�ò/�à/�û�/'�Bñ.�0õ�û�/Vð0/�-´ô>���3/RóTòçô@ú��*_ô.ðÀóÙ/'�./RD8-E�VF
N same =

D�C��;ò�/Rðe+.ödó�+3C�ò/�à/!-´ô>���3/Ró ��ñ��./a5L�Àñ��3D�/,�3/RD8-����
wf

ô.D�ó
wD

f

ô.ð0/ß-0û�/BõEð0+3òçô@ò�ñ���ñ�-¨ñ�/��(-¨+[ñàó�/VD�-0ñ�ö �Û-0û�/"	�C�ô.ð��oú´ûçô@ð��3/×úR+3ðÀð0/VúV-E�6�oñàDI�0ñ�D�����/�ô.D�óó�+3CEò��à/!-¨ô����3/Vó
/,�3/RD8-����g=�+.ðN�0ñàD/���à/®-¨ô����3/Vó
/,�3/VD�-��®ñt-*ñ��*ó�/,(çD�/VóÛô��'+

wf =
N̂f + N̂f

Nf + Nf

,
ø 1��3ü

eû�/Vð0/
Nf(Nf)

ñ.�e-0û�/ªD�C��;ò�/Rðe+.öz/,�3/VD�-���eû�ñ�ú´ûÙúV+3D8-´ô.ñ�D
ô 	�Cçô.ð��Þø�ô.D8-0ñt5L	�Cçô@ð���üKñàD�-¨û�/�ö�+3ð�Kô@ð0ó
û�/'�Bñ.�0õ�û�/Vð0/>�

N̂f(N̂f)
ñ��X-¨û�/�D�C��iò�/Vð;+.öe/'�./RD8-E�ßñ�D=eû�ñ�ú´û -¨û�/Z	�Cçô@ð�� ø�ô.D8-¨ñ}5L	�Cçô.ð���üXûçô��iò�/V/RDúR+.ð0ð0/VúV-��.��ñ�ó�/RD8-¨ñ6(ç/Ró �=ç+3ðfC�D���ñ��./a5L�Àñ��3D!/,�3/VD�-��d-0û�/zö�ð¨ô.úh-¨ñ�+3D�+.ö�/'�3/VD8-E�%ñàD eû�ñ�ú´û�ò�+.-¨ûc	�Cçô.ð���ô.D�óXô.D8-0ñt5L	�Cçô@ð��(ú´ûçô.ð��./��ô.ðÀ/gúV+3ð0ðÀ/RúV-��.�ªñ�ó�/RD8-¨ñ6(ç/Ró�ñ��%ó�/'(�D�/Ró�ô.D�ô��à+��.+3C����6�®-0+,-¨ûE/_�0ñ�D�����/�ûE/��×ñ��0õEû�/RðÀ/�-¨ô����3/Vói/'�./RD8-E�#ô>�%-0û�/ð¨ô�-¨ñà+ß+@öOúV+3ð0ðÀ/RúV-��.��-¨ô����3/Vórø

N̂D
f , N̂D

f

ü_+��3/Vð®ô>���ÖóE+3C�ò���/h5 -¨ô����3/VóTC�D��àñ.�./a5L�0ñ.�3DÝø
ND

f , ND
f

ü_/'�3/VD8-E��+

wD
f =

N̂D
f + N̂D

f

ND
f + ND

f

.
ø�4323ü

�*û�/X�0ñ�D�����/®ô.DEó�ó�+3C�ò���/,-¨ô����3/Vó�C�D��àñ.�./a5�ô.DEóK�àñ��@/h5M�0ñ��.D?�¨ô>�Bõ���/��gð0/RúV/Rñ6�3/�úR+.D�-0ð0ñ�ò�CE-¨ñ�+3D���ö�ð0+��ò /,�3/VD�-��Tô.D�ó ö�ð0+�� ô��.�*+.-¨ûE/Rð
Wçô��.+3C�ð����åùS���*úRô@-¨/'�3+3ðÀñà/��Bô��.�0+ÝñàD�ú'�àC�ó�/[/'�./RD8-E��ö�+.ð eûEñàú´û -0û�/	�Cçô.ð��[ú´û�ô.ð��3/c_ô��S�×ñ��Àñàó�/VD�-0ñ.(ç/Vó;�_�*ûE/Rð0/hö�+3ð0/ª-¨ûE/iD�C��;ò�/Rð(+.öz/,�3/VD�-��!/RD8-0/Rð0ñ�D��Üñ�D[-0û�/Xó�ñ.:�/RðÀ/RD8-ú�ô�-¨/��.+3ð0ñ�/��*ú�ô@D
ò�/ª/,��õ�ð0/'���À/Róoô��'+
N =

∑

f=d,s,b

[Nf · wf + Nf · (1 − wf)] +
∑

f=u,c

[Nf · wf + Nf · (1 − wf)]
ø�4/-�ü

N =
∑

f=d,s,b

[Nf · wf + Nf · (1 − wf)] +
∑

f=u,c

[Nf · wf + Nf · (1 − wf)]
ø�481.ü

ND =
∑

f=d,s,b

[ND
f · wD

f + ND

f
· (1 − wD

f )] +
∑

f=u,c

[ND

f
· wD

f + ND
f · (1 − wD
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