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B0
s → D−

s π
+
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B0
s → D∓

s K
± È ¾�Æ)ÆB·y±ÊÉ�Çe±�Á¸®nËÌÁ�±Í®n±�½e¿¯¾)À�±³®n°�±Ê»�°�Ä�Çn¾)Â�Ç�»VÃ�½nÃ�¿�±Í®@±Í½nÇ

∆ms

Ã�À�Á
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Ã�À�Á
σ(γ + φs) = 10.3◦
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B0
s → D−

s π
+ +-,/. B0

s → D∓
s K

± . �0 + £�021 +3,-, 9¢ 4 )5)�)5)5)�)5)�)5)5)5)5)5)�) 6
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s → D∓
s K
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s → D−
s π

+ +-,/. B0
s → D∓

s K
± +-,/. �W1�/U \ 0/1 +]\Cs _0º	 ,� ¡ s-+ ��qX¶	 . p4��

r	U�¢g¢��� ¡24{ . U , �W1�3�¼�����-�� [  \ UNX% , �B��	���9� \�+ 0�� ∆ms � �W1� B0
s − B̄0

s

X + 4 4 . U uß \  , 0Í�� +-,/.	O4 02U ¢ ¢ + �HU 	 , ^ \ ���¡� , 0º£�� +-,/. �W1�³�z� +3,2s ¢  γ + φs

)��	1�-� rz	 0/1 +-,-, �¢ 4 1 + j� 4e j� \�+ ¢ [ 1~£24WU 0 4��¡ +-, �HU �HU p4�U , 0º	�X5X¶	 , � +-,/. U .  , �HU 0 + ¢V��	 [ 	�¢ 	 s U p4c) T9	 \ �W1OU 4 \  + 4{	 , ��	��W1lX¶	 . p4 +]\  +-,/+ ¢ £24{ .4WUNX�¡�¢ � +-, �	�¡24�¢ £ U ,{+ 0Í	PX$�OU ,  .�� � )
�	1OU 4 , 	��� . p4 0 \ U���p4���	�£��Ö	 , ��¨� +/\ ¢ 	����¯���84e , 4iU �HU jOU �4£ 4��^¡ . U c4z�W1 + � r" \  [  \ ^G	 \ X¶ . ¡24iU ,2s�W1� Sy	¼	�TPU � 4e	�^ � r +/\  [/+ 02a +2s  ���"!�)$#%� [  \ UNX% , � + ¢ [/+]\�+ X¶º�� \ 4�	��~� + U ,  . ^ \ 	PX + ^�¡�¢g¢B�������

	'& U ,  4{�¢ �0��HU 	 , 4��^¡ . £(����! r" \  ¡24e . U , �W1�¯��	~£��¯�)�+*�,.-/,;cj� , �A£OU �¢ . 4 � � + 0/a s�\ 	�¡ ,/. ¢  j��¢ �
\ �0Í	 , 4{� \ ¡/0º�� . B0

s

X + 4 4 . U 4�� \ U ��¡~�HU 	 , � º� 0�)0�c)� , 4ep0º�HU 	 , �F�W1� B0
s
. p0 + £F1��¡ + �HU 	 , 4 +]\  s U j� , +-,/. �W1� X%Í�W1�	 . ��	���9� \�+ 0��Q�W1� \ 9¢ cj +-, �

[ 1~£24WU 0 4 [/+]\�+ X¶º�� \ 4lU 4�4 1�	�r , )N� , 4{�0��HU 	 , R �W1� 4iU�X$¡�¢ + �HU 	 ,J[/\ 	 sP\�+ X U 4 [/\ p4{ , �� . +3,/. �W1�¢bUNa^9¢?UN1�	�	 . ^�¡ , 0��HU 	 , �� [ ¢ + U ,  . )2�q1� \ p4�¡�¢ �k4 +]\  �',/+ ¢ ¢ £ \  [ 	 \ �� . U , 4{�0º�HU 	 , ��)
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B0

s → D−
s π

+ «?>A@
B0

s → D∓
s K

± @AB/¬ß«
C ¬ED¶«F>A>GB�H�§
�	1� \ 9¢ + �HU 	 , 4B��º� r"� , �W1� B0

s

�dX¶c4e	 , X + 4 4*/U s  , 4�� + ��c4 � |BH,L〉 � +3,/. �W1�2U \ z + j�	¼¡ \ 2U s  , �4�� + ��c4 � |B0
s〉 +3,/. |B̄0

s 〉 � 0 +-, ��2�� [/\ c4 4{ . U , �� \ Xv4B	]^*¢bU ,  +/\ 0º	¼JI
02U  , �k4 p +-,/. q K
|BH,L〉 = p|B0

s〉 ∓ q|B̄0
s〉 . L mNM

O  .  �I, 2�W1� . U u_ \  , 0Íc4 U , X + 4 4 +-,/. . p0 + £ \�+ �� + 4 K
∆ms = mH −mL , ∆Γs = ΓH − ΓL . L x'M

�	1� + j� \�+2s oX + 4 4 +3,/. . �0 + £ \�+ �� +]\  .  �',  . �º£ K
ms =

mH +mL

2
, Γs =

ΓH + ΓL

2
. L 6PM

�	1� . �0 + £ \�+ �� + �*�HU�X¶ t 	]^ +-, 	 \ U s U ,/+ ¢g¢ £ []\ 	 . ¡/0º . |B0
s〉
��	 +Q�I,/+ ¢&4{� + �� f U 4 s U j� , �Í£ K

ΓB0
s→f(t) = |〈f |T |B0

s(t)〉|2 , L n%M
rq1� \  T U 4H�W1�A� \�+3, 4WU �HU 	 , X + � \ U �?�¢ /X¶ , � )��'UNXYU�¢ +]\ �� [/\ p4 4WU 	 , 4=��3U 4{�V^G	 \ B̄0

s
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�q1�¨�HU�X¶A j�	�¢ ¡~�HU 	 , 	�^��W1� z + j�	�¡ \ /U s  , 4�� + ��p4 |B0
s 〉 +3,/. |B̄0

s〉 +]\
¨�W1� ,os U j� , �Í£��W1� ^G	�¡ \

. �0 + £�1��¡ + �HU 	 , 4

ΓB0
s→f(t) = |Af |2(1 + |λf |2)

e−Γst

2
·

(

cosh
∆Γst

2
+Df sinh

∆Γst

2
+ Cf cos ∆mst− Sf sin ∆mst

)

, L�� M

ΓB̄0
s→f(t) = |Af |2

∣

∣

∣

p

q

∣

∣

∣

2

(1 + |λf |2)
e−Γst

2
·

(

cosh
∆Γst

2
+Df sinh

∆Γst

2
− Cf cos ∆mst+ Sf sin ∆mst

)

, L Z%M

ΓB̄0
s→f̄(t) = |Āf̄ |2(1 + |λ̄f̄ |2)

e−Γst

2
·

(

cosh
∆Γst

2
+Df̄ sinh

∆Γst

2
+ Cf̄ cos ∆mst− Sf̄ sin ∆mst

)

, L `PM

ΓB0
s→f̄(t) = |Āf̄ |2

∣

∣

∣

q

p

∣

∣

∣

2

(1 + |λ̄f̄ |2)
e−Γst

2
·

(

cosh
∆Γst

2
+Df̄ sinh

∆Γst

2
− Cf̄ cos ∆mst+ Sf̄ sin ∆mst

)

, L e%M
rq1� \ 

Df =
2Reλf

1 + |λf |2
, Cf =

1 − |λf |2
1 + |λf |2

, Sf =
2Imλf

1 + |λf |2
,

Df̄ =
2Reλ̄f̄

1 + |λ̄f̄ |2
, Cf̄ =

1 − |λ̄f̄ |2
1 + |λ̄f̄ |2

, Sf̄ =
2Imλ̄f̄

1 + |λ̄f̄ |2
. L�� M

Af
+3,/. Āf̄

+]\ A�W1� . �0 + £ + X [ ¢bU �^¡ . c4 �+*N, -/, Af = 〈f |T |B0
s〉
� +-,/.

λf ≡ q

p

Āf

Af

, λ̄f̄ ≡ p

q

Af̄

Āf̄

.

� , �W1OU 4 +-,/+ ¢ £24iU 4	r" +]\  U , �� \ p4��� . U , �W1� . �0 + £24 B0
s → D−

s π
+ +-,/. B0

s → D∓
s K

± ) �q1�
T9º£ , X +-,�. U +/sP\�+ X 4 ^G	 \ ��	��W1 . p0 + £24 +]\  s U j� , U , TPU s )Q�-)

T9	 \ �W1� B0
s → D−

s π
+ 0/1 +-,-, �¢�	 , ¢ £�	 , �� \ Í . U +2s�\�+ X ��3U 4��k4{4�¡/0/1��W1 + � + B0

s

0 +-, 	 , ¢ £
. �0 + £LU , 4{� +-, � +3, Í	�¡24�¢ £LU , ��	 D−

s π
+ �I,/+ ¢'4{� + �� � rq1OU�¢ F�W1� . �0 + £KU , ��	 D+

s π
− 0 +3, 	 , ¢ £-	�0c09¡ \

+ ^ �� \ XYU �3U ,2s ) �	1� . �0 + £ B0
s → D−

s π
+ U 4
�W1� \  ^G	 \ _z + j�	�¡ \ 4 [ �02U � 0 � ¢  +]. U ,2s ��	 Af̄ = Āf = 0 ��W1�¡24

λf = λ̄f̄ = 0
)2�q1OU 4vU , �^¡ \�, ¢  +/. 4'��	?�W1� [/+]\�+ X¶º�� \ 4 Df = Sf = 0 +-,/. Cf = 1

)
�q1� [/+]\�+ X%Í�� \ ∆ms

0 +-, ���	��~� + U ,  . ^ \ 	�X �W1�
B0

s → D−
s π

+ 0/1 +-,-, �¢'jOU + �W1� z + j�	�¡ \
+ 4�£-X5X¶º� \ £ � .  �',  . + 4

Aflav =
ΓB̄0

s→f − ΓB0
s→f

ΓB̄0
s→f + ΓB0

s→f

= −D · cos(∆mst)

cosh(∆Γst
2

)
, L m��%M

r	U �W13�W1� + 4 4�¡-X [ �HU 	 , ∣

∣

∣

p
q

∣

∣

∣
= 1

)
D

U 4 + . U�¢g¡~�HU 	 , ^ + 0º��	 \ r	U �W1K0Í	 , � \ U���¡~�HU 	 , 4{^ \ 	PX r \ 	 ,2s B0
sz + j�	�¡ \ � +/s�s U ,2s � 1 − 2ω � rv1� \  ω U 4B�W1�5r \ 	 ,2s � +/s ^ \�+ 0º�HU 	 , � +-,/. �� [  \ U�X¶ , � + ¢ . �0 + £?�HUNX%
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 T1 �!* �  + ��


, �&�  #-��	�� B̄0
s → D−

s K+  �'�(��������������
 T2 �!* �  + ��
.�+�/��0  #&13240����+5 *�6 "��'�87(�(��� T1
09���:� , ���+�;���


����	��  5����  09��	 T2
��5��  �  0��<���>=?���'��	  7(��5�" , �/	��@7(��	��  ��	  �A1

b̄

s
B

0
s

s

c̄

D
−

s

W+
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π
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V ∗
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s
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V ∗
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0
s
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+

W− s
D

−

s
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\ p4{	�¢ ¡~�HU 	 , 4p)-B 4iU ,2s Aflav
	 , {0 +3, 	��~� + U , ∆ms � ω +-,/. 	 [ �HU 	 ,/+ ¢ ¢ £ ∆Γs

^ \ 	�X �W1� . �0 + £ \�+ ��c4
ΓB0

s→f
+-,/. ΓB̄0

s→f � +3,/. 4WUNXYU�¢ +/\ ¢ £�^ \ 	�X ΓB0
s→f̄

+-,/. ΓB̄0
s→f̄

)
�84oa + 	 , 4Y0º	 , � + U , +-, s ��¡ +]\ a � � rz	3� \ � . U +2s�\�+ Xv4 ^G	 \ U , 4�� +3, � +-, �	¼¡24 . �0 + £-��3U 4�� ^G	 \ �W1�

B0
s → D∓

s K
± 021 +3,-, 9¢ 4���4{�JTPU s )��W�c) �

B0
s

X%p4{	 , � + 4{rz�¢g¢ + 4 + B̄0
s � 0 +-, . �0 + £ . U \ �0��^¢ £� rqU �W1�	�¡~�%	O4d0�U�¢g¢ + �HU 	 , 4_�B��	 D−

s K
+ 	 \ ��	 D+

s K
− � �W1� \  ^G	 \ ?�W1OU 4 . p0 + £ 0/1 +-,-, �¢IU 4 , 	��qz + j�	�¡ \4 [ p02U � 0�)DCH¡�¯��	 �W1� . U u_ \  , ��0Í	¼¡ [ ¢?U ,2s 0Í	 , 4�� +3, �k4$�W1�-� r"	Ê� \ Í . U +2s�\�+ Xv4 T1

+3,/. T2

1 + j�
. U uß \  , � X +/sP, U �^¡ . p4c) �	1� [/\ 	P0Íc4 4 B0

s → D+
s K

− �r� \ � . U +2s�\�+ X T2

�}U 4�E{� + �OU�����	 4�¡ [-[]\ p4 4e .8F
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)
�84z + 021 . �0 + £�U 4 . 	�XYU ,/+ �� . �º£ + 4iU ,2s ¢  . U +/s�\�+ X � ^G	 \ B0

s → D∓
s K

± rz 1 + j� |Af | = |Āf̄ |
+-,/. |Af̄ | = |Āf |

)GB 4WU ,2s �W1� + 4 4�¡-X [ �HU 	 , ∣

∣

∣

p
q

∣

∣

∣
= 1

�W1OU 4 s U j�p4 |λf | = |λ̄f̄ |
)V�84 + B0

s
+3,/. + B̄0

s0 +3, ��	��W1 . p0 + £ U , 4�� +3, � +-, �	�¡24�¢ £ + 4 D−
s K

+ �W1� \  U 4 +-, U , �� \ ^G \  , 0º-��º� r"� , �W1� B0
s
. �0 + £24

rq1� \ A�W1� B0
s

1 + 4Q	 \ 1 + 4 , 	��H	O4 02U�¢g¢ + �� . ) � + a/U ,2s U , ��	 + 0c0Í	�¡ , �*�W1� ��¡ +]\ a [/\ 	P0Íc4 4{p4 U , j�	�¢ j� . ��W1�{U , �� \ ^G \  , 0Í + u_�0��k4 +]\ A�� [ p0º�� . ��	���$¢ +]\Cs O)2�	1�¨�� \ X 4 λf
+3,/. λ̄f̄

+]\ ¨�W1� , 0 + ¢ 0�¡�¢ + �� .�º£ K
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p
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=
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VtbV ∗
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)(VubV
∗
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)
∣

∣

∣
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∣

∣
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ei∆T1/T2 = |λD−

s K+|ei(∆T1/T2−(γ+φs)) ,
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λ̄D+
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=
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q
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ĀD+
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=
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∗
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V ∗
tbVts

)(V ∗
ubVcs

VcbV ∗
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)
∣

∣

∣

A2

A1

∣

∣

∣
ei∆T1/T2 = |λD−

s K+|ei(∆T1/T2+(γ+φs)) , L mOmWM

rq1� \  |A2/A1|
U 4��W1� \�+ �HU 	A	�^V�W1� 1 +/.�\ 	 , U 0 + X [ ¢bU �^¡ . c4 � ∆T1/T2

U 4��W1� 4�� \ 	 ,2so[ 1 + 4{ . U u_ \  , 0Í��º� r"� , T1 +3,/. T2 � +-,/. γ + φs

U 4=�W1�5rz + a [ 1 + 4e�)r�	1�54{� \ 	 ,2s +-,/. �W1�5r" + a [ 1 + 4{p4v0 +-,��A��9� \�+ 0º�� . ¡24iU ,2s �W1� \ �¢ + �HU 	 , 4 K
γ + φs =

1

2
[arg(λ̄f̄) − arg(λf)] ,

∆T1/T2 =
1

2
[arg(λ̄f̄) + arg(λf)] . L m2xPM

�q1�{4 X + ¢g¢ φs
+3,2s ¢ Ö	 \ U s U ,/+ ��p4 ^ \ 	�X B0

s

XYU �3U ,2sl+3,/. 0 +-, �� X% + 4º¡ \  . . U \ �0º�^¢ £ � ^G	 \ �� + X [ ¢ ¡24iU ,2s �W1� . p0 + £ B0
s → J/ψφ

� R !�) �q1���� [ �0��� . ��0Í	�X��OU ,  . �o4e , 4iU �HU jOU �r£K^ \ 	�X 4{cj� \�+ ¢��_�
. �0 + £24 U 4��*) ����� \�+]. ^G	 \ � ^�� −1 	�^ .-+ � + �g�'! )���	�X��OU , U ,2s 4�¡/0/1�X¶ + 4�¡ \ /X¶ , �8r	U �W1¶�W1� [/\ c4e , �� .
X¶º�W1�	 . 	�^H��9� \�+ 0º�HU ,2s γ + φs

^ \ 	�X B0
s → D∓

s K
± U 4 + �W1�Í	 \ Í�HU 0 + ¢ ¢ £~09¢  +-, r + £-��	 X¶ + 4�¡ \ �W1�Ö���?� X + � \ U � +-,2s ¢  γ )T9	 \ �W1�F��9� \�+ 0º�HU 	 , 	]^ γ + φs

�W1��j + ¢ ¡�p4v^G	 \ ∆ms � ∆Γs
+-,/. ω +]\  , Í .  . )��	1�p4{ 0 +-,�� . º�� \ XYU ,  . ^ \ 	PX �W1�

B0
s → D−

s π
+
0/1 +-,-, �¢ � + 4 4 1�	�r , + ��	�j��) � , 	 \�.  \ ��	 s º�¯�W1���c4{� \ p4{	�¢g¡~�HU 	 , 4F	 , �W1� . U u_ \  , � � � [/+]\�+ X%Í�� \ 4 +3,/. ��	Ø� + a^L0Í	 \ \ �¢ + �HU 	 , 4 U , ��	 + 0p0Í	¼¡ , � � +4iU�X$¡�¢ � +3, Í	�¡24 � ��U 4
X +]. ¯	 , ��	��W1 B0

s → D−
s π

+ +-,/. B0
s → D∓

s K
± . �0 + £ \�+ ��p4c) �	1OU 4�U 4

� ¡24{�HU �  . 4WU , 0ºH�W1�'� rz	 . �0 + £v0/1 +-,-, �¢ 4 +]\ H��	 [ 	¼¢ 	 s U 0 + ¢ ¢ £_4iU�X5U ¢ +]\ � +3,/. �W1�Hcj� , � 4{�¢ p0º�HU 	 , U 4��W1�4 + X%����0Í [ � ^G	 \ �W1� \ ���¡OU \ ]X% , �k42	�^ [/+]\ �HU 09¢ ~U .  , �HU � 0 + �HU 	 , �n����CF�¶	 , �W1��� + 0/1�9¢ 	 \	[/+]\ �HU 09¢ � [ U 	 , 	 \ a + 	 , ���2)9�	1� r \ 	 ,2s � +/s ^ \�+ 0º�HU 	 , j + ¢g¡� � ω � U 4 + 4 4�¡-X¶ . ��	$��H1��¡ + ¢c^G	 \ ��	��W1q0/1 +-,-, �¢ 4 �
+ 4wr + 4	0Í	 ,N�'\ X% . U ,o+ ��������� +2sOs U ,2s~[  \ ^G	 \ X +3, 0º54��^¡ . £ �?y'! )

� � 		� ��
	� �
	c��� �����  	��{��
J	 5 �
��� ���l���V�
	c��� � 	c��		� 	����Y�
	 ���

�r;+= ��������� © § ����� H�«"© ��� >
�¦��	~£��Ö	 , ��?� +]\ ¢ 	 4��^¡ . £or + 4 [  \ ^G	 \ X% . U , 	 \�.  \ ��	 4{�^¡ . £?�W1��4e , 4iU �HU jOU �4£�^G	 \ ∆ms

+-,/.
γ+φs

)9�	1�vS_	�	�TPU � []\ 	 s�\�+ X r + 4�¡24e . ^G	 \ X%	 . 9¢?U ,2s�[/\ 	�� + �OU�¢bU �r£ . U 4�� \ U ��¡~�HU 	 , ^�¡ , 0��HU 	 , 4F�n��C_T24��
4º¡/021 + 4¶�W1� . �0 + £ \�+ ��p4 � �W1� \ �0Í	 , 4{� \ ¡/0º�� . B0

s

X + 4 4 . U 4{� \ U���¡~�HU 	 , � Í� 0�)�#3j� , � . U 4�� \ U ��¡~�HU 	 , 4rz \  .  �I,  . U , �HUNX% +3,/. X + 4 4 . U�X¶ , 4iU 	 , 4c) #&j� , �k4Yrz \  s  ,  \�+ �� . + 0p0º	 \�. U ,2s ��	Ê�W1� +-[ �
[]\ 	 [/\ U + ��Ì� C_T24 +3,/. � ���� . � + 0/alr	U �W1 �W1�K4 + X% � C_T/4c) O  1 + j� ¡24e . + Sy	¼	�TPU � ��¡OU�¢ ���dU ,
U , �� \ ^ + 0Í5rq1OU 0/1 0Í	 ,-, �0º�k4{S_	�	�TPU �H��	¯�W1� ���,�)B�� � X5U , UNXYU � + �HU 	 ,~[/+ 0/a +2s  �"!�! ) �	1� ���$#VSI� C
X5U , UNXYU � + �HU 	 , X¶º�W1�	 . 	�^<���,�)B�� � r + 4A¡24{ . ^G	 \�+ ¢ ¢34��^¡ . U c4 [/\ c4e , �� . U , �W1OU 4 , 	���O)

%�&sfWX�'bk"^jfWXVYdJgs\bkJgqe[`Y^V0X g[X)( XgjZ e]d e[fWX2abUbkJV Zoejk�e[X \�k�g]e]` ^TVYX9e[fbk�e cWd1X_ZsUWd�e
d"g]`YlJ`YUbk�e]X*( g]d"p e]fWX
Ds

+



�r;[: � >�� � ©��¨«zª�« � Bß© B�ª�§�� � ª © DGB § ��� � H�«z© �)� >
�	1� s  ,  \�+ �HU 	 , 	�^¨��C_T24Yrq1OU 0/1;X + � 021 + 4�0�¢ 	O4{�¢ £ + 4 [ 	O4 4iU ��¢ F�W1�-�� [ �0��� . �¼����� .-+ � +

. U 4{� \ U���¡~�HU 	 , 4 , � . 4Y0º	 \�\ p0º� + 4 4º¡-X [ �HU 	 , 4A	 , �W1� [ 1~£24WU 0 4 +3,/.l. º���0º��	 \q[/+]\�+ X%Í�� \ 4p)��	1�{^�¡�¢g¢
4{Í�H	�^ [/+/\�+ X¶º�� \ 4Q�W1 + �Vr" \ F¡24{ . ^G	 \ �W1�2��	~£ �¯� 4��^¡ . £ +/\ ?¢?U 4{�� . ��9¢ 	�r )�	1� [ 1~£24iU 0c4 [/+]\�+ X%Í�� \ 4A¡24{ . U , �W1�Y4WUNX�¡�¢ + �HU 	 ,o+]\  K

• B0
s

X%p4{	 , X + 4 4 mB0
s

= 5367.5 MeV/c2 +-,/. B0
s

¢?U ^GÍ�HU�X¶
τ = 1.46 ps �

• B0
s

	O4 02U ¢ ¢ + �HU 	 , ^ \ ���¡� , 0º£ ∆ms = 17.5 ps−1 � ∆Γs/Γs = 0.1 �

• |λf | = 0.37 � r" + a [ 1 + 4{ γ+φs = 60◦ +-,/. 4�� \ 	 ,2s [ 1 + 4e ∆T1/T2 = 0◦
¡ , ¢ c4 4 4 [ �0�U �  .	��W1� \ r	U 4e )

�	1�?���z�c���� [  \ UNX% , ��� \ �¢ + �� .~[/+/\�+ X¶º�� \ 4*�W1 + � +]\ �¡24e . U , �W1�¨��	~£��¯� [/\ 	 s�\�+ X +]\ ¶�W1�
\ p4�¡�¢ ��	�^ + ^�¡�¢g¢�	�& U , v4e9¢ �0��HU 	 , 4��^¡ . £¨�W1 + �8r + 4 [  \ ^G	 \ X% . � ¡24WU ,2s �W1�¶	'I�02U + ¢�������� 4WUNX�¡�¢ + �� .
.-+ � + �4�W1��4e	�� 0 + ¢ ¢  . C*����� .-+ � + 4 + X [ ¢ N� +3,/. 4e	]^ � r +]\  [/+ 0/a +/s c4p)_� ^�¡�¢g¢ \  [ 	 \ �Q	�^"�W1�$	'& U , 
4{�¢ �0º�HU 	 , 4��^¡ . £ U 4o^G	�¡ ,/. U , ���b! ) �	1� �� [  \ U�X¶ , ��� \ �¢ + �� . [/+]\�+ X¶º�� \ 4Ö�W1 + � +]\ Ø¡24{ . U , �W1�
4WUNX�¡�¢ + �HU 	 ,{+]\  K

• #&j� , �*£OU 9¢ . 4 ^G	 \ +3, U , �� s�\�+ �� . ¢ ¡-XYU , 	O4WU �r£Ö	�^ 2 fb−1 K 140
a¶cj� , �k4 � B0

s → D−
s π

+ � +-,/.
6.2

aA j� , �k4 � B0
s → D∓

s K
± � ) O  .  �',  2 fb−1 + 4Q	 , ¨£Í +]\ 	�^ .-+ � + � + a2U ,2s )

• B0
s

XYU 4�� +/s ^ \�+ 0º�HU 	 , ω = 0.328 +-,/. � +2sOs U ,2s "I�02U  , 0º£ εtag = 0.5812
�
B0

s → D−
s π

+

+-,/. B0
s → D∓

s K
± �c)

• � + 02a s�\ 	�¡ ,/. ����	9� 4WU s�,/+ ¢ \�+ �HU 	 K B/S = 0.2
�
B0

s → D−
s π

+ � � +-,/. B/S = 0.7�
B0

s → D∓
s K

± �c)

• S_�0º	 , 4�� \ ¡/0º�� . B0
s

X + 4 4 \ p4{	�¢ ¡~�HU 	 , σ(mB0
s
) = 14 MeV/c2 ) �q1� \ p0Í	 , 4�� \ ¡/0��� . B0

s. U 4{� \ U���¡~�HU 	 , [ ¢ 	��k4 ^ \ 	�XN�W1��	�& U , Y4{�¢ p0º�HU 	 , 4��^¡ . £ +]\  s U j� , U , TPU s ) ��)

• #P4��HUNX + �HU 	 , 	�^��W1� B0
s
\ �0º	 , 4�� \ ¡/0º�� .K. p0 + £��HUNX% � [/\ 	 [  \ �HU�X¶��% \ \ 	 \ ∆τrec

) �q1� . U 4��� \ U���¡~�HU 	 , 	�^ [  \ �� j� , � [/\ 	 [  \ �HUNX%� \�\ 	 \ 4	^ \ 	�X �W1��	'& U , �4{�¢ �0º�HU 	 , 4��^¡ . £ +-,/. U �k4 [ ¡�¢g¢
. U 4{� \ U���¡~�HU 	 ,L+]\  s U j� , U , TPU s ) R ) �q1� . U 4{� \ U���¡~�HU 	 , 1 + 4 + X% +-, j + ¢g¡�-	�^ 33fs +-,/.G+
X%	O4�� [/\ 	¼� + ��¢ oj + ¢g¡�?	�^ 30fs

) �q1� [/+/\�+ X¶º� \ U � + �HU 	 , �W1 + �	r + 4 � ���� . ��	 �W1�~1OU 4{��	 sP\�+ X
+-,/. r + 42¡24{ . ��	³��¡OU ¢ .~+ [/\ 	 [  \ �HUNX%� \ \ 	 \ � C_TLU , �W1� S_	�	�TPU � 4WUNX�¡�¢ + �HU 	 , U 4 \  [ 	 \ �� .
U , � + �&)'� +-,/.l[ ¢ 	����� . U , TPU s ) R )

• � 0c0Í [ � +3, 0º{^�¡ , 0º�HU 	 , � .  �I,  .~+ 4	4{�¢ �0º�HU 	 , "I�02U  , 0º£�j� \ 4�¡24B�W1� []\ 	 [  \ �HU�X¶�)r�	1� + 0^�0º [ � +-, 0Í�	��~� + U ,  . ^ \ 	�XÞ�W1� C*�/���Ø	'& U ,  4e9¢ �0��HU 	 , 4��^¡ . £ U 4{4i1�	�r , U , TPU s )Ø��) �	1�
�



[/+]\�+ X%Í� \ U � + �HU 	 , �W1 + �}r + 4 ^G	�¡ ,/. ^G	 \ �W1� + 0p0º [ � +-, 0Í . U 4{� \ U���¡~�HU 	 ,o+-,/. r + 4%¡24{ . ��	�4iU�XB�¡�¢ + ��oU �wr	U �W1OU , �W1� S_	�	�TPU �V4{�^¡ . £ � + ¢ 4{	 \  [ 	 \ �� . U , �W1� �Ps ¡ \ N�vU 4 s U j� , �Í£ K
A(τrec < 0 ps) = 0 ,

A(0 ps < τrec < 15 ps) =
(0.98 · τrec)

2.11

1 + (0.98 · τrec)2.11
· (1 − 0.066 · τrec) ,

A(15 ps < τrec) = 0 .

�q1�$�HUNX% .  [  ,/.  , 0Í�	�^��W1� + 0c0Í [ � +3, 0º
^�¡ , 0��HU 	 , U 4 + 4 4º¡-X% . ��	 �� U .  , �HU 0 + ¢�^G	 \ Dsπ
+-,/.

DsK
cj� , �k4p)

� ½nË�»y±�½'®n¾�¿�±A±�½e½nË�½QÁ�¾)Çe®n½n¾�·�É�®@¾)Ë�À�»VÃ�½nÃ�¿¯±º®@½e¾��uÃ9®@¾�Ë�À
∆τrec � Ã�Æ)É�± L ps

M � ¾�Ç{®@½e¾�·�É�®n¾�Ë�À L ∆τrec

M
∆τrec < 0.005 0

0.005 < ∆τrec < 0.03
m�6

� �
x�� ²
Ã�À�ÁVÃ�É

(∆τrec, 0.029, 0.0062)

0.03 < ∆τrec < 0.1
x&m�6O6�m�� Ú2Ã�É�ÇnÇe¾pÃ�À

(∆τrec, −0.015, 0.0217)

0.1 < ∆τrec 0
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CH¡����	 ¢ 	�r 4{� + �HU 4��HU 0 4 � �W1��	'& U , {4e9¢ �0��HU 	 , 4��^¡ . £ \  [ 	 \ �k4¶	 , ¢ £�¡ [-[  \ ¢?U�X5U �k4¶	 , �W1� B/S
\�+ �HU 	O4 ^G	 \ 0º	�X$�OU ,/+ ��	 \ U + ¢ +-,/. 4 [ �02U � 0A� + 0/a s�\ 	�¡ ,/. ) T9	 \ �W1OU 4}4��^¡ . £vrzv0/1�	�4e=��	?¡24e=�W1�q0Í , � \�+ ¢
j + ¢g¡�Ê	�^2�W1�G4 [ �0�U � 0Ì� + 02a s�\ 	�¡ ,/. � rq1OU 021 sO+ j� �W1� 1OU s 1� \ B/S \�+ �HU 	Z��º� r"� , �W1�Ê� r"	 � �£OU 9¢ . U ,2s �W1� , ¡-X��� \ 4 \  [ 	 \ �� . + ��	�j�O)8� 4�¡-X�X +]\ £$	�^��W1�{U ,-[ ¡~� [/+]\�+ X%Í�� \ 4'�W1 + � +]\ ?¡24e . U ,�W1�A��	�£ �¯� Sy	¼	�TPU � 4WUNX�¡�¢ + �HU 	 , U 4 s U j� , U , � + �&)"�*)

�r; � 	 ��
 B�H � D ��� @ � � >¶¬�© �)� > @AB/§¼¬yª � �%© �)� >
�q1�q4e , 4iU �HU jOU �4£Y4��^¡ . U c4 \  [ 	 \ �� . U , �W1OU 4 , 	���	^G	�¢g¢ 	�r []\ cjOU 	�¡24V4��^¡ . U c4*�W1 + � rz \  [  \ ^G	 \ X¶ .

U , j�	�¢ jOU ,2s �W1�p4{ . p0 + £~0/1 +-,-, �¢ 4���� �� ! )GT�	 \ �W1�¯��	~£(�¯� 4��^¡ . £��W1�
^G	�¢ ¢ 	�r	U ,2sK+-[-[]\ 	 + 0/1 r + 4
UNX [ ¢ /X¶ , �� . )�#&j� , �k4 +]\  s  ,  \�+ �� .K+ 0p0º	 \�. U ,2s ��	��W1�Ö��	�£ �¯�AX%	 . 9¢�	�^ �W1� B0

s → D−
s π

+

+3,/. B0
s → D∓

s K
± . �0 + £24 + �'�W1���¼�����F�� [  \ U�X¶ , � )�C + � + +/\ o0º	�¢ ¢ �0��� . ¡24iU ,2s �W1� , 	PX5U ,/+ ¢

j + ¢g¡�p4 s U j� , U , 4{�0��HU 	 , R )g� +-,/. r	U �W1 + 0Í \ � + U , 0Í	 ,N��s ¡ \�+ �HU 	 , �r�W1� . U uß \  , � 0Í	 ,N�Ps ¡ \�+ �HU 	 , 4 +]\ �� [ ¢ + U ,  . U , 4ep0º�HU 	 , � �c) � ,  j� , �oU 4 . c4d0 \ U��� . �º£ +~s  ,  \�+ �� .J\ p0Í	 , 4�� \ ¡/0��� .�[]\ 	 [  \ �HU�X¶
(τrec)

+3,/.
+{s  ,  \�+ �� . B0
s
\ p0Í	 , 4�� \ ¡/0��� . X + 4 4 (mrec)

)8� , �� [  \ U�X¶ , � + ¢V¡ , 0º \ � + U , �r£Ö	 , �W1�
[]\ 	 [  \ �HUNX% (∆τrec)

U 4 + 4 4WU sP,  . ��	F + 021Öcj� , � )
�
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� ¾)Ò�É�½e± x$��� �(7(��	��  �+5�7  �(� B0
s


���'� ��� �  �+� * 5  � ��	 �!�'��
  0��)� 5 ,/, �����/	��<�'� , �(7  � ��	 �  5����;%��/	�7 , 5����/	��
�+�/��	9� , ��	��-
���/	 * ��7��8���'��5�	�� 7(��	  �+� * 5  � ��	�� � �'��" ���  �(�:� �  ���  �+�/���;��� #&1�� � �  ��������
�� ���'��	����+
� , �	�A�(�
� ��� ��	��<�;�A��� ��� ���  �  �����/	�� � 2 fb−1

#&1 2 ��"�
��'�(7(��	��  �+5�7  �(� B0
s


���'� � �'��

B0

s → D−
s π+

���(7A�(���A1
� �  + ��

��'�(7(��	��  �+5�7  �(� B0

s


���'�-� �'��

B0

s → D∓
s K± ���(7A�(���A13240����+
� ,/,4, �������G"?�A��� ��	  0��

�+�/��0  � � ��5��  � 
:� �+� ����	  ���9�(� B0
s → D−

s π+
���(7A�(���A1�� , �  �  ���;��	 � �'��
������ 1
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20000 Gaussian fit
 0.002± = -0.112 µ

 0.002± = 1.224 σ

� ¾�Ò�É�½n± 6 � � �'��"?���  �/
�� ���+�'���" , �  � � 	��  �+�/���;������"�" , � �(�9#&1 2 ��"�
 "��'��" ���  �/
�� ���+�'���@�(�  �/
�  �
��� �  �+� * 5  � ��	 �!�'��
 �!5 ,/, � ��� * �'� , �(7  � ��	 �  5����;1�240�� �  + �(� 7�5����;� � �  0�� ��� � ��� �  � � 5����(� �/	  0��
�'��	��'�  ���8�  �G�  5���� �(� 1 � �  + ��

 "�5 ,/, ��� �  �+� * 5  � ��	����  0�� "��'��" ���  �/
�� ���+�'���A%;� 1 ��1 (τrec−τtrue)/∆τrec�  + �(� � �  0 �
	 ��5��'�'����	 ��� �  �+� * 5  � ��	 14240��<�+�/��
�:���  0�� "�5 ,/, ��� �  �+� * 5  � ��	 �'0���� �  09�   0��<���+�'���'�
���'� 5�	������'�(�  �/
�  �(� 1�240�� 0�� �  ��������
�� ���'�  ���;��	 � �'��
 ��� � 1

��



Ý�Ë~Ä;Ó µ ¾�À�»�É�®=»VÃ�½nÃ�¿¯±º®@±Í½nÇ
� Ã�½@Ã�¿�±Í®n±�½ ��À�»�É�® � Ã�Æ�É�±

σ(mB0
s
) (MeV/c2) 14

∆Γs/Γs 0.1

∆ms ( ps−1) 17.5¿¯¾)Çe®@Ã�ÒÖÑG½@Ã�Âº®@¾)Ë�À
ω 0.328®@Ã�Ò�Ò�¾)À�Ò?±���ÂÍ¾�±�À�ÂÍÄ
εtag 0.5812

|λf | 0.37

γ + φs (◦) 60

∆T1/T2 (◦) 0

B0
s → D−

s π
+
± � ±�À�®BÄ¼¾)±�Æ)Á L m Ä�±uÃ�½ M 140 �

B0
s → D∓

s K
± ± � ±�À�®¶Ä�¾)±�Æ�Á L m Ä�±uÃ�½ M 6.2 �

B0
s → D−

s π
+ B/S

½@Ã�®n¾�Ë
0.2

B0
s → D∓

s K
± B/S

½@Ã�®n¾�Ë
0.7

Ý�Ã�·�Æ�± x9� ��À�»�É�®B»VÃ�½nÃ�¿¯±º®@±Í½ � Ã�Æ�É�±ÍÇ'ÑGË�½'®@°�±A®nË�Ä3ÓÊµÕÇe¾�¿ÖÉ�Æ�Ã�®@¾)Ë�À »�½eË�Ò�½nÃ�¿ Î
�	1� [  \ ��cj� , � [/\ 	 [  \ �HU�X¶H \�\ 	 \D. U 4�� \ U ��¡~�HU 	 , +3,/. U �k4 [ ¡�¢g¢ . U 4�� \ U ��¡~�HU 	 ,v+]\  4i1�	�r , U , TPU s ) R )�	1� [ ¡�¢g¢O4i1�	�r 4 �W1 + �z�W1� []\ 	 [  \ �HUNX%¶ \�\ 	 \ 4V^ \ 	�X �W1�q^�¡�¢ ¢ �¯�;4WUNX�¡�¢ + �HU 	 ,5+]\ �¡ ,/.  \ c4{�HU�X + �� .

+-,/. 4�¡�uß \ ^ \ 	�X + 4iU s�, U � 0 +-, �¨�OU + 4c)A� , �W1����	~£��¯� rz{0Í	 \�\ �0��_^G	 \ �W1�F¡ ,/.  \ c4{�HU�X + �� .  \�\ 	 \ 4�º£ \ º��4d0 + ¢bU ,2s �W1�� \�\ 	 \ 4 rqU �W1 + 4 0 + ¢  ^ + 0º��	 \�� )2�	1�Ö�OU + 4 r + 4 , 	�� 4iU�X$¡�¢ + �� . U , �W1�A��	~£��¯�8)
� + 0/a s�\ 	¼¡ ,/. cj� , �k4 +]\  s  ,  \�+ �� . r	U �W1 + ¢?U ^GÍ�HU�X¶Ê�W1 + �~U 4L1 + ¢ ^A�W1� B0

s

X¶c4e	 , ¢bU ^GÍ�HU�X¶ U ,	 \�.  \ ��	 4WUNX�¡�¢ + ��or \ 	 ,2s + 4 4{	�0�U + �HU 	 , 4¶	�^*� \�+ 02ap4A	 \ U s U ,/+ �HU ,2s ^ \ 	�X �W1� [/\ U�X +]\ £ j� \ ����-��	��W1�
\ �0Í	 , 4{� \ ¡/0º�� . B0

s
. p0 + £p)?�	1�2cj� , �k4 +/\ ?¡24e . ��	lX + �3UNXYU �º + ¢?U�a^�¢bUN1�	�	 . ^�¡ , 0º�HU 	 , (L)

rq1OU 0/1
U 4 s U j� , �º£ K

LB0
s→f(~α, ~β) =

Bs→Dsπ
∏

i

� ½nË�·
(τrec, mrec,∆τrec|~α, Ssig, Sbg, ω)

×
Bs→DsK

∏

i

� ½eË�·
(τrec, mrec,∆τrec|~β, Ssig, Sbg, ω) , L m�6%M

r	U �W1
~α = (Γs,∆ms,∆Γs)

+-,/. ~β = (λf , λ̄f̄ ,Γs,∆ms,∆Γs)
�W1�Yj��0���	 \ 4=	�^ [ 1~£24WU 0 4 [/+/\�+ X¶���� \ 4¨¡24{ . ^G	 \ �W1�2cj� , � s  ,  \�+ �HU 	 , )

��� XGZ]^+k�VYX<e]fWXAXg[g]d"g[Z2h�`0e]f�k ( kJ^ e[dJg
	Jt�	���Wi h�fW` ^jf k�e e]fWXre]`Yp XAh k"Z e[fWXrg[X\'dJg]e]X+c���kJV0nWX ( dJgFe[fWX \bnWV0VZq`YlJp kbt � `0e]f k UWX+h��2kJnbZ]Z]` k�Urabe�e]fWX \WnbV0V Z]`YlJp k h k"ZsVYk�e]XgsnW\PcWk�e]X+cGe[d�	Jt�������t
� �
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0 2 4 6 8 10 12

A
cc

ep
ta

n
ce

0

0.2

0.4

0.6

0.8

1 )τ × 
high

 (1+s⋅ n)τ × 
low

1+(s

n)τ × 
low

(s
 ∝) τA(

-10.02)ps±=(0.98lows

-10.002)ps±=(-0.066highs

0.04)±n=(2.11

� ¾�Ò�É�½n± n?��� 7(7(��"  ��	�7(�@�!5�	�7  � ��	 �;���'�+5��  0��@"��'��" ���  �/
���� �'��
  0��� 5 ,/, �����/	�� �'� , �(7  � ��	 �  5����
� � ��������  �;# ��	��  0�� "9������
��  �+�	� �  � ��	  09�  �4��� �  + �(�  ���  1�240�� ��7(7(��"  ��	�7(� � � �'��" ���  �(� � �  ���
 �+�/���;���A1�� , �   ���;��	 � �'��
 ��� � 1

�q1�F� C_T/4 +]\  s U j� , �º£ K
� ½nË�·

(τrec, mrec,∆τrec|~α, Ssig, Sbg, ω) =
∫ ∞

0

{[

(1 − fbg)Msig(mrec)Γsig(t|~α, ω)
]

· A(t) ·Gsig(t− τrec,∆τrec, Ssig)

+
[

fbgMbg(mrec)Γbg(t)
]

·A(t) ·Gbg(t− τrec,∆τrec, Sbg)
}

· dt , L m�n M
r	U �W1��W1� . U uß \  , � . U 4�� \ U ��¡~�HU 	 , 4 .  �',  . �Í£ K

• �DU s�,/+ ¢ . p0 + £ \�+ �� K Γsig(t|~α, ω) = (1 − ω)ΓB0
s→f + ωΓB̄0

s→f

r	U �W1
ω
�W1� r \ 	 ,2s � +/s

^ \�+ 0��HU 	 , )

• � + 0/a s�\ 	�¡ ,/. . p0 + £ \�+ �� K Γbg(t) = 2Γse
−2tΓs

)

• �DU s�,/+ ¢ \ p0Í	 , 4�� \ ¡/0��� . B0
s

X + 4 4 K Msig(mrec) = 1
(σm

B0
s
)
√

2π
e
−(mrec−m

B0
s
)2/2(σm

B0
s
)2 �

r	U �W1
σm

B0
s

= 14 MeV +-,/. mB0
s

�W1�
B0

s

X%p4{	 , X + 4 4p)

• � + 0/a s�\ 	�¡ ,/. \ �0Í	 , 4{� \ ¡/0º�� . B0
s

X + 4 4 K Mbg(mrec) =
0Í	 , 4�� +-, � )

�&�



• � 0c0Í [ � +3, 0º K A(t)
U 4¨�W1� [/\ 	 [  \ �HU�X¶ .  [  ,/.  , � + 0c0Í [ � +-, 0Í
^�¡ , 0º�HU 	 ,~+ 4 . Í�� \ XYU ,  .

^ \ 	�X �W1� ^�¡�¢ ¢y�¼�����o4WUNX�¡�¢ + �HU 	 , ) �dTPU s )"� � )
• �'U s�,/+ ¢ . �0 + £��HUNX%�4iX¶ +]\ U ,2s r	U �W1 + [  \ ��cj� , �' \ \ 	 \ K

Gsig(t− τrec,∆τrec, Ssig) =
1

(∆τrec · Ssig)
√

2π
e−(τrec−t)2/2(Ssig ·∆τrec)2 .

T�	 \  + 0/1³cj� , � ∆τrec

U 4o4 + X [ ¢  . ^ \ 	�X6�W1� [  \ ��cj� , � []\ 	 [  \ �HUNX%� \�\ 	 \	. U 4�� \ U ��¡~�HU 	 ,	¼�~� + U ,  . ^ \ 	�X �W1�
^�¡�¢ ¢����z�c�~4WUNX�¡�¢ + �HU 	 , �HTPU s ) R �c) �q1� . �0 + £-�HU�X¶~U 4A�W1� , 4 X% +]\  .
r	U �W1 + # + ¡24 4WU +-, r	U �W1 + r	U . �W1�	�^ ∆τrec · Ssig � rq1� \  Ssig

U 4 + 4d0 + ¢ {^ + 0º��	 \ +-[-[ ¢?U  . ��	
4WU sP,/+ ¢� j� , �k4c)

• � + 02a s�\ 	�¡ ,/. . �0 + £��HUNX%Y4 X% +/\ U ,2s r	U �W1 + [  \ �� j� , �H \�\ 	 \ K
Gbg(t− τrec,∆τrec, Sbg) =

1

(∆τrec · Sbg)
√

2π
e−(τrec−t)2/2(Sbg ·∆τrec)2 .

�DUNXYU�¢ +/\ ��	;�W1� 4iX¶ +]\ U ,2s 	�^*�W1� 4WU s�,/+ ¢ . �0 + £��HUNX%¯�� [ ¢ + U ,  .K+ ��	�j����¡~� r	U �W1 + � + 0/a��
sP\ 	�¡ ,/. 4d0 + ¢  ^ + 0���	 \ � Sbg

)

� .  , �HU 0 + ¢ .  �', U �HU 	 , 4o1�	�¢ . ^G	 \ � ½nË�· (τrec, mrec,∆τrec|~β, Ssig, Sbg, ω)
) �	1����	�� + ¢�¢?U�a^�¢bUN1�	�	 . U 4

s U j� , �Í£ K
L(~α, ~β) = LB0

s→f(~α, ~β) · LB̄0
s→f(~α, ~β) · LB0

s→f̄(~α, ~β) · LB̄0
s→f̄(~α, ~β) . L m � M

�	1�-cj� , �k4 +/\  r"/U s 1~�� .G+ 0p0Í	 \�. U ,2s ��	³�W1� ^ \�+ 0º�HU 	 , 	�^=cj� , �k4Yr	U �W1��W1 + ��X + 4 4$�W1 + � +]\ 
4{�¢ �0º�� . U , �W1�¯	'& U , �cj� , � 4e9¢ �0��HU 	 , )��q1OU 4 ^ \�+ 0º�HU 	 , ^G	�¢g¢ 	�rV4Y^ \ 	�X �W1� \ �0º	 , 4�� \ ¡/0º�� . X + 4 4
. U 4{� \ U���¡~�HU 	 ,�+ 4 . Í�� \ XYU ,  . U , �W1�2 j� , � 4{�¢ �0��HU 	 , r	U �W1��W1� ^�¡�¢ ¢y�¼�����o4WUNX�¡�¢ + �HU 	 , �HTPU s )z�%�c)�Ir"	 \ c4e	�¢g¡~�HU 	 , 4 0 + ¢  ^ + 0º��	 \ 4 ^G	 \ 4WU sP,/+ ¢ +-,/. � + 02a s�\ 	�¡ ,/. � Ssig

+3,/. Sbg � +]\ {U , � \ 	 . ¡/0º . U , �W1�¢bUNa^9¢?UN1�	�	 .�+3,/.
+]\ oX$¡�¢ �HU [ ¢?U  . r	U �W1 ∆τrec

)Q� ^ +
\ c4e	�¢g¡~�HU 	 , 4 0 + ¢  ^ + 0º��	 \ U 4 + z¼	 + �HU ,2s [/+]\�+ X%Í�� \
U , �W1� ¢?U�a^�¢bUN1�	�	 . X + �3U�X5U � + �HU 	 , �W1� , U �k4 � ���� . j + ¢ ¡�lX + £ , 	��?�� 0Í	 , 4WU 4��� , �Yr	U �W1GU �k4
U ,-[ ¡~�
j + ¢ ¡� � U ,/. U 0 + �HU ,2s +3,  \ \ 	 \ U , �W1� . º�� \ X5U ,/+ �HU 	 , 	�^
�W1�?¡ , 0Í \ � + U , �4£�	 , �W1� [/\ 	 [  \ �HUNX%O)�	1�¨�HUNX% .  [  ,/.  , � + 0c0Í [ � +-, 0Í ^�¡ , 0��HU 	 , U 4_4i1�	�r , U , TPU s )"��)2�q1� ^�¡�¢g¢y���z�c��4iU�X$¡�¢ + �HU 	 ,
4{�¢ �0º�HU 	 , JI
02U  , 0�£Lr + 4Ö	��~� + U ,  . ^ \ 	�X �W1�l0º	�X$�OU ,  . 4 + X [ ¢ p4�� B0

s → D−
s π

+ +-,/. B0
s →

D∓
s K

± � � + 4'�W1�Y4e9¢ p0º�HU 	 , 4B	]^��W1�A� rz	 . U uß \ 	 , ¢ £
U , �W1�?� + 021��¢ 	 \ [/+]\ �HU 09¢ oU .  , �HU � 0 + �HU 	 , )�	1�
0Í	�X��OU ,  . ¢bUNa^9¢?UN1�	�	 . ^G	 \ B0
s → D−

s π
+ +-,/. B0

s → D∓
s K

± U 4 4WUNX�¡�¢ � +-, �	�¡24�¢ £ X + �3U �
XYU �º . � �W1� z¼	 + �HU ,2s [/+/\�+ X¶º�� \ 4qU , �W1� � � +]\  K |λf |(= |λ̄f̄ |) � arg(λf) � arg(λ̄f̄) � ω +3,/. ∆ms

)
�	1��j + ¢g¡�p4 ^G	 \ �W1�
r" + a +-,/. �W1� 4{� \ 	 ,2s [ 1 + 4{p4 � γ + φs

+-,/. ∆T1/T2 � \ c4 [ �0��HU j��¢ £�� ^G	¼¢ ¢ 	�r^ \ 	�X # ��)Q�~��)

� u



� � �	�
� 
i���

� ;+= ������� H�«"© B�@ B��FB�>*©¼§
� , TPU s )�yJrz [/\ c4e , � +-, �� + X [ ¢ Ø	]^��W1� Sy	¼	�TPU � . U 4�� \ U���¡~�HU 	 , 4 	�^��W1� B0

s → D−
s π

+

+3,/. B̄0
s → D−

s π
+
021 +3,-, 9¢ 4c) �q1� [ ¢ 	��k4 4i1�	�r �W1� . U 4�� \ U ��¡~�HU 	 , 	�^54iU�X$¡�¢ + �� .  j� , �k4 +-,/.

+ 09¡ \ j� \  [/\ c4e , �HU ,2s �W1��X + �3U�X5U �Í . ¢bUNa^9¢?UN1�	�	 . ^�¡ , 0º�HU 	 , []\ 	 � �0º�� . 	 , ��	 �W1� []\ 	 [  \ �HU�X¶
+ �3U 4 � \  [/\ c4e , �HU ,2s � j�2£Í +/\ 4B	�^ .-+ � + � + a2U ,2s �n�~��^�� −1

� ) �	1�$	��24{ \ j� . . U 4{� \ U���¡~�HU 	 , 4%	 \ U s U ,/+ ��
^ \ 	�X �W1�

B0
s
. p0 + £[���¡ + �HU 	 , 4 ��# �O4p) y�� � ��r	U �W1��W1� +3[-[/\ 	 []\ U + �� [ 1~£24iU 0c4 [/+]\�+ X%Í�� \ 4 +-,/.

U , 0�¢ ¡ . U ,2s �� [  \ U�X¶ , � + ¢ \ c4e	¼¢ ¡~�HU 	 , cu_�0º�k4c) �q1� B0
s

	O4d0�U�¢g¢ + �HU 	 , 4 +]\  .-+ X [  . U ,Y+ X [ ¢?U �^¡ .  . ¡���	{XYU 4�� +/sOs  . cj� , �k4 +-,/. 4 X% +/\  .5. ¡�*��	¨�W1� . Í��p0º��	 \ \ c4e	�¢g¡~�HU 	 , 	 , �W1� \ �0º	 , 4�� \ ¡/0º�� . [/\ 	 [  \�HUNX%O)(�q1�-cu_�0º�$	�^=�W1� + 0p0Í [ � +3, 0º~^�¡ , 0º�HU 	 , U 4o4{� , ^G	 \ [/\ 	 [  \ �HUNX%p4{4 X + ¢g¢  \ �W1 +3, 2 ps
)

�'UNXYU�¢ +]\w[ ¢ 	��k4	^G	 \ �W1��� r"	 B0
s → D∓

s K
± +3,/. � r"	 B̄0

s → D±
s K

∓ . �0 + £oz + j�	�¡ \ . U 4�� \ U ��¡~�HU 	 , 4
+]\  s U j� , U , TPU s ) !*)�� , l0 +-, 4eÍ3�W1 + ���W1�~4{� + �HU 4��HU 0 + ¢�zy¡/0º�^¡ + �HU 	 , 4 U , �W1� B0

s → D∓
s K

±
0/1 +-,-, �¢ +]\ -¢ +]\�s  \ �W1 +-, �W1�	O4{ U , �W1� B0

s → D−
s π

+
0/1 +-,-, �¢ � + 4%�� [ �0��� . ^ \ 	PXÔ�W1�Ö	 \�.  \ 	]^

X +2s�, U �^¡ .  . U u_ \  , 0Í~U , 4 + X [ ¢ 
4iU �Íc4p)lTPU s ¡ \ ��~4 1�	�rV4 . U 4�� \ U ��¡~�HU 	 , 4 ^G	 \ �W1� U , j +]\ U +-, ��X + 4 4
+3,/. �W1�=�� [  \ U�X¶ , � + ¢�¡ , 0º \ � + U , �4£{U , �W1� [/\ 	 [  \ �HUNX% � ^G	 \ �~� ^�� −1

	�^ .-+ � + � + a2U ,2s ) �	1�	09¡ \ j�p4
+]\ A�W1�50Í	 \ \ p4 [ 	 ,/. U ,2sl[]\ 	 � �0º�HU 	 , 4Q	�^
�W1��X$¡�¢ �HU . UNX% , 4WU 	 ,/+ ¢_� C_T�)

� ±ÍÀ�Çn¾,®@¾ � ¾,®�Ä ½n±ÍÇnÉ�Æ,®@ÇQÑG½nË�¿ B0
s → D−

s π
+
Ã�À�Á

B0
s → D∓

s K
±

∆ms ( ps−1) ω |λf | γ + φs (◦) ∆T1/T2 (◦)��À�»�É�® � Ã�Æ�É�± 17.5 0.328 0.37 60 0� ¾)®n®n±�Á � Ã�Æ)É�± 17.5 0.3279 0.373 60.3 0.5

σ L�� Ä M 0.003 0.0013 0.029 ± 0.0011 5.7 ± 0.2 5.4 ± 0.2

σ L m Ä M 0.007 0.0030 0.066 12.7 12.1

ÝcÃ�·�Æ�± 6 � � ±�À�Çe¾)®@¾ � ¾)®�ÄF½n±ÍÇnÉ�Æ,®@Ç ÑG½nË�¿ B0
s → D−

s π
+
Ã�À�Á

B0
s → D∓

s K
± ®@Ã�Ò�Ò�±ÍÁ-± � ±�À�®QÇnÃ�¿�»�Æ�±ÍÇ Î

� ;j: � B�>%§ � © � � � ©'C §�© � @ � B/§ ªEB/§ � H�©¼§
T9	 \ 	��~� + U , U ,2s �W1���� [ �0º�� . \ p4{	�¢ ¡~�HU 	 , 4=	 , ∆ms � γ + φs

+-,/. ∆T1/T2

rz [  \ ^G	 \ X¶ . �����
E��� [  \ UNX% , �k4 F rqU �W1� + 0/1�0Í	 , � + U , U ,2s y�£Í +]\ 4H	�^/� +2sOs  . .-+ � +5+ �B�¼�������e�~��^�� −1 � )8��# + ¡24 4WU +-,
. U 4�� \ U ��¡~�HU 	 , r + 4 � ���� . ��	¯�W1�o0Í	¼¢ ¢ p0º�HU 	 , 	�^"�W1�Ö����� � ���� . j + ¢g¡�p4	^G	 \  + 0/1 � ���� .;[/+]\�+ X%Í�� \ )�q1� X¶ +3, +-,/. �W1��4{� +-,/.-+]\�.l.  jOU + �HU 	 , � 4iU s X + �%	�^z�W1� � ���� . # + ¡24 4WU +-, 4 +]\  \  [ 	 \ �� . + 4%�W1�
� ���� . j + ¢ ¡� +3,/. �W1� \ p4{	�¢ ¡~�HU 	 , ^G	 \ �~��^�� −1 U , � + �&) R ) �	1� \ p4{	�¢ ¡~�HU 	 , 4 +]\  + ¢ 4{	 4 0 + ¢  . ^G	 \ �£� +]\ 	�^ .-+ � + � + a/U ,2s +3,/.;\  [ 	 \ �� . U , �W1�Ö� + ��¢ O)7�q1� [ ¡�¢g¢ . U 4�� \ U ��¡~�HU 	 , ^G	 \  + 0/1¯	�^��W1� � ���� .
[/+]\�+ X%Í�� \ 4 r + 4 [ ¢ 	����� . +-,/. ^G	�¡ ,/. ��	3��Y0Í	 , 4iU 4{�� , � r	U �W1 1 + jOU ,2s~, 	��OU + 4 +-,/. + r	U . �W1Ö	�^*�-)
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σ L�� Ä M 0.003 0.0013 0.027 ± 0.001 4.6 ± 0.17 4.6 ± 0.17
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Sigma     0.036± 0.973 
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B0

s →
D∓

s K± 5�	  �����;�(� � �;��	  � 
 240�� ���A���:"�09���'��% γ +φs
% �  + �(� ��� , 5��(� ��� �  �+� * 5  � ��	 �! ��" , �&�  # ��	��:"�5 ,/,

��� �  �+� * 5  � ��	 �! ��" �+�/��0  #&% ��	��  0��@�  �'��	�� "�09������% ∆T1/T2
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� ; � � B/§ � H�©¼§ � � ª @ � �QB�ªEB�> © � > � � © ��«FH � B/§
�'U , 0ºÊ�W1�Ê�W1��	 \ º�HU 0 + ¢ []\  . U 0º�HU 	 , 	 , �W1�G4�� \ 	 ,2sA[ 1 + 4e ∆T1/T2

U 4 , 	���r"�¢ ¢ . º�� \ X5U ,  .
+3,/. �W1� �� [ p0º�� . �� [  \ U�X¶ , � + ¢ B/S \�+ �HU 	 +3,/. X5U 4{� +2s \�+ �� ω 1 + j� ¢ +/\�s  ¡ , 0Í \ � + U , �HU p4 �
+ 4�£24���]X + �HU 0K4{�^¡ . £Gr + 4 [  \ ^G	 \ X% . ��	 4{�J1�	�r �W1�Ê�� [ �0º�� . \ p4{	�¢g¡~�HU 	 , 4 0/1 +-,2s  U ^A�W1�c4e
[/+]\�+ X%Í�� \ 4v1 + j� . U uß \  , �}j + ¢g¡�p4 ^ \ 	�XArq1 + �8r + 4 + 4 4�¡-X¶ . 4e	{^ +/\ )"�'U�X5U ¢ +]\ ¢ £A��	 + ��	�j� � rz \�+-,����� E��� [  \ U�X¶ , �k4 F � U , 09¢g¡ . U ,2s �W1��¡ , � +/s�s  . B0

s → D∓
s K

± � ��¡~�qr	U �W1 . U u_ \  , �5U ,-[ ¡~�qj + ¢g¡�p4^G	 \ �W1�54�� \ 	 ,2s [ 1 + 4e � �W1� B/S \�+ �HU 	
^G	 \ �W1� B0
s → D∓

s K
± 021 +3,-, 9¢ 4 � +3,/. �W1��X5U 4{� +2s \�+ ���)�q1� 4º¡-X5X +]\ U �Í .J\ p4�¡�¢ �k4�	�^'�W1� 4�£24{��/X + �HU 0 4��^¡ . U c4 +/\  \  [ 	 \ �� . U , � + �&)�yL^G	 \ . U u_ \  , �

4{� \ 	 ,2s�[ 1 + 4{qU ,-[ ¡~� j + ¢ ¡�c4 � U , � + �&) !q^G	 \*. U uß \  , � B/S \�+ �HU 	�4�^G	 \ �W1� B0
s → D∓

s K
± 0/1 +-,-, �¢ 4 �

+3,/. U , � + �&)Q� ^G	 \ . U u_ \  , � ω U ,-[ ¡~�_j + ¢ ¡�c4p)2� ^ , 	��Q	��W1� \ r	U 4e X% , �HU 	 ,  . � �W1� U ,-[ ¡~� j + ¢g¡�$	]^�W1� [ 1~£24WU 0c4 [/+]\�+ X¶º�� \ 4 \ /X + U , + 4YU , 4{�0º�HU 	 , ��) R )7� + ��¢ p4qy � ! +-,/. � \  [ 	 \ �=�W1� \ p4{	�¢g¡~�HU 	 , 4	 , �W1� r" + a +3,/. �W1�Y4{� \ 	 ,2s [ 1 + 4{p4c)
� ±ÍÇnÉ�Æ,®@ÇQÑGË�½QÁ�¾��ß±Í½n±ÍÀ�®

∆T1/T2 � Ã�Æ)É�±�Ç
∆T1/T2 (◦) −20 0 +20

σ(γ + φs) (◦) 11.2 10.3 10.4

σ(∆T1/T2) (◦) 10.4 10.3 11.3

ÝcÃ�·�Æ�±
�
� � ±�À�Çe¾)®@¾ � ¾)®�Ä�½n±ÍÇnÉ�Æ,®@ÇcÑGË�½�Á�¾��_±�½e±�À�®zÇ{®@½nË�À�Ò¨»�°VÃ�Çn±Q¾�À�»�É�® � Ã�Æ)É�±�Ç Î � ±�ÇeÉ�Æ)®nÇzÃ�½n±H½n±�»yË�½{®@±�Á

ÑGË�½QË�À�±¨Ä�±uÃ�½BË�Ñ�ÁVÃ�®@Ã?®@Ã � ¾�À�Ò Î

� ±ÍÇnÉ�Æ,®@ÇQÑGË�½QÁ�¾��ß±Í½n±ÍÀ�®
B0

s → D∓
s K

± B/S � Ã�Æ�É�±ÍÇ
B/S 0.0 0.7 2.0

σ(γ + φs) (◦) 9.6 10.3 11.1

σ(∆T1/T2) (◦) 10.9 10.3 11.6

ÝcÃ�·�Æ�± Z � � ±�À�Çe¾)®n¾ � ¾)®�Ä$½n±ÍÇnÉ�Æ,®@Ç�ÑGË�½ B0
s → D∓

s K
± Á�¾��_±�½e±�À�® B/S � Ã�Æ�É�±ÍÇ Î � ±�ÇeÉ�Æ)®nÇzÃ�½e±'½n±Í»_Ë�½{®@±ÍÁ

ÑGË�½QË�À�±¨Ä�±uÃ�½BË�Ñ�ÁVÃ�®@Ã?®@Ã � ¾�À�Ò Î
� , � + �&){y rzF	��24{ \ j�?�W1 + �B�W1�F�� [ p0º�� . \ c4e	¼¢ ¡~�HU 	 , 	 , �W1�orz + a [ 1 + 4e . º�� \ U 	 \�+ ��p4?�º£

∼ 1◦
U ^

∆T1/T2 = −20◦ � rq1OU�¢ �U � + ¢�X%	O4�� . 	�p4 , 	�� 0/1 +-,2s {U ^ ∆T1/T2 = 20◦
)

� , � + �&)*!5rz%	��24e \ j�B�W1 + �z�W1�%�� [ p0º�� .~\ p4{	�¢ ¡~�HU 	 , 	 , �W1�	rz + a [ 1 + 4{qr"	�¡�¢ . U�X [/\ 	]j�$�º£
∼ 1◦

U ^c�W1� \  rz \  , 	;� + 0/a s�\ 	¼¡ ,/. ^G	 \ �W1� B0
s → D∓

s K
± 0/1 +-,-, �¢ 4c) � , �W1��	��W1� \ 1 +3,/. � �W1��� [ �0º�� . \ p4{	�¢ ¡~�HU 	 , 	 , �W1��r" + a [ 1 + 4e{r"	�¡�¢ . . Í�� \ U 	 \�+ ��F	 , ¢ £;�º£ ∼ 1◦

^G	 \ + 1OU s 1;¢  j��¢V	]^� + 02a sP\ 	�¡ ,/. � B/S = 2
�V^G	 \ �W1� B0

s → D∓
s K

± 021 +3,-, 9¢ 4c)�q1�Y4{ , 4WU �HU jOU �4£F	 , ∆ms � �W1�
X5U 4{� +2sL\�+ �� ω +-,/. |λf | \ /X + U , �W1�54 + X% + 4 U , 4{�0��HU 	 , ��) R^G	 \ ��	��W1��W1�p4{E \ 	���¡24�� , p4 4 F 4{�^¡ . U p4c)F�	1� � ���� . j + ¢ ¡�c4 . U .~, 	�� 4i1�	�r +3, £�4�£24{��/X + �HU 0Y4 1OU ^ � )
�D�



� ±�ÇeÉ�Æ)®nÇQÑGË�½QÁ�¾��_±�½e±�À�®
ω � Ã�Æ)É�±�Ç

ω 0.29 0.31 0.328 0.35 0.37

σ(∆ms) ( ps−1) 0.006 0.007 0.007 0.008 0.010

σ(|λf |) 0.049 0.054 0.061 0.066 0.069

σ(γ + φs) (◦) 9.3 10.1 10.3 11.7 12.3

σ(∆T1/T2) (◦) 9.4 10.4 10.3 12.0 12.0

Ý�Ã�·�Æ)± `$� � ±�À�Çe¾)®@¾ � ¾)®�Ä¯½n±�ÇeÉ�Æ)®nÇHÑGË�½*Á�¾��_±�½e±�À�®Q¿�¾�Çe®@Ã�Ò�½nÃ�®@±%¾�À�»�É�® � Ã�Æ)É�±�Ç Î � ±ÍÇnÉ�Æ,®@ÇQÃ�½e±¨½n±Í»_Ë�½e®@±ÍÁ
ÑGË�½QË�À�±¨Ä�±�Ã�½%Ë�ÑcÁVÃ9®^ÃÖ®^Ã � ¾)À�Ò Î
�	1� .  [  ,/.  , 0Í$	�^"�W1���� [ p0º�� . \ p4{	�¢g¡~�HU 	 , 4B	 , �W1� X5U 4{� +2sL\�+ �� ω U 4 [/\ c4e , �� . U , � + �&)� ^G	 \ +J\ 9¢ + �HU j�9¢ £Ì¢ +]\�s  \�+-,2s O) � 4¯�� [ �0��� . � �W1� \ p4{	�¢g¡~�HU 	 , 4~UNX []\ 	�j�~rqU �W1 . �0 \  + 4WU ,2s ω )� X [/\ 	]jOU ,2s ω �º£ ∼ 10%

� \ �¢ + �HU j� ��	��W1� , 	�XYU ,/+ ¢ 0.328
j + ¢ ¡��� \ c4º¡�¢ �k4LU , + 1◦ U�X [/\ 	]j� .

4{ , 4WU �HU jOU �r£%	 , �W1� rz + a +-,/. 4�� \ 	 ,2so[ 1 + 4ec4 � ¢bUNa^irqU 4e'�W1� 4e , 4iU �HU jOU �r£%	 , ∆ms
+-,/. |λf |

UNX [/\ 	�j�c4�º£ + ��	¼¡~� 10%
)

� ;�� � B/§ � H�©�§ � � © D�� � «z© � >�� §�¬ß«FHTB �^«�¬y© � ª
� z¼	 + �HU ,2s 4 0 + ¢ 5^ + 0���	 \ U , �W1�-¢bUNa^9¢?U�1�	¼	 .�� �q0 +-, ��¯¡24{ . ��	LU ,/. U 0 + ��Yrv1�º�W1� \ �W1� []\ 	 [  \�HU�X¶$ \�\ 	 \ 4 +]\ �¡ ,/.  \ c4{�HU�X + �� . � 0Í	 \�\ �0º�B	 \ 	]j� \ c4{�HU�X + �� . )5T�	 \ ¡ ,/.  \ p4��HUNX + �� . [/\ 	 [  \ �HUNX% \�\ 	 \ 4¯�W1� � ���� . 4d0 + ¢ K^ + 0º��	 \ r	U�¢g¢H��[¢ +]\Cs  \ �W1 +-, U �k4lU ,-[ ¡~�
j + ¢ ¡� � ^G	 \ 0º	 \�\ p0º�^¢ £�c4{�HU�X + �� .

[/\ 	 [  \ �HUNX%F \ \ 	 \ 4¨�W1�
4 0 + ¢ �^ + 0���	 \?� ���� . j + ¢g¡��4 1�	¼¡�¢ . ��?���¡ + ¢���	GU �k4{U ,-[ ¡~�vj + ¢g¡� +3,/. ^G	 \	�j� \ c4{�HU�X + �� .K[/\ 	 [  \ �HUNX%$ \�\ 	 \ 4%	 , Yr"	�¡�¢ . s Í� + � ���� . 4 0 + ¢ 5^ + 0���	 \ 4iX + ¢ ¢  \ �W1 +3, U �k4 U ,-[ ¡~�
j + ¢ ¡��) Ot1� , \ ¡ ,-, U ,2s r	U �W1? j� , �k4_^ \ 	�X + \  + ¢¼�� [  \ UNX% , � 4º¡/021 + 0/1��02a�0 +-, �� j� \ £-¡24{c^�¡�¢ �rq1OU�¢ lU ,l+ �¯� 4{�^¡ . £3	 , ¯�� [ �0��k4���	 �',/.G+ � ���� . 4d0 + ¢  ^ + 0º��	 \ 0º	 \�\ c4 [ 	 ,/. U ,2s ��	³�W1�lU ,-[ ¡~�
j + ¢ ¡��) T�	 \V+ ¢ ¢ \ p4�¡�¢ �k4 [/\ c4e , �� . 1OU �W1� \ ��	3�W1��4WU s�,/+ ¢D4d0 + ¢ �^ + 0���	 \ � Ssig � +-,/. �W1��� + 02a s�\ 	�¡ ,/.4 0 + ¢ ;^ + 0º��	 \ � Sbg � �W1 + � +]\ JU , 09¢g¡ .  . U , �W1�Ì¢?U�a^�¢bUN1�	�	 . ^�¡ , 0º�HU 	 , ��# ��) � R � \ ]X + U ,  . � �� .
[/+]\�+ X%Í�� \ 4 U , �W1� � � )�	1�Øcu_�0º�-	�^ + �', U �� [/\ 	 [  \ �HUNX% \ c4e	�¢g¡~�HU 	 , U 4¯��	 .-+ X [ �W1� B0

s

	O4 02U ¢ ¢ + �HU 	 , 4p)Ô�_¡/0/1
.-+ X [ U ,2s5+ ¢ 4e	 +]\ U 4{p4}^ \ 	�X U , 0Í	 \ \ �0�� . �0�U 4WU 	 , 4 U , z + j�	�¡ \ � +2sOs U ,2s )9�	1� \ c^G	 \  . º�� \ XYU , U ,2s ��	��W1�W1�Y4WU s�,/+ ¢34d0 + ¢  ^ + 0���	 \ ^G	 \ �W1� []\ 	 [  \ �HUNX%2 \�\ 	 \ 4 � Ssig � +-,/. �W1��XYU 4�� +/s ^ \�+ 0º�HU 	 , ω � \ 9¢?U c4Q	 ,�W1�~X% + 4º¡ \ ]X% , �2	�^*�W1� + X [ ¢?U �^¡ . �	�^ �W1� B0

s

	O4 02U ¢ ¢ + �HU 	 , 4p);��	���F�W1 + �¶�W1OU 4oU 4A	 , ¢ £�� \ ¡�
^G	 \�W1�%cj� , �k4	U , �W1� B0
s → D−

s π
+ 4 + X [ ¢  + 4 �W1� + X [ ¢?U �^¡ . p4*	�^��W1�¨	��24{ \ j� . 	O4 02U ¢ ¢ + �HU 	 , 4qU , �W1�

B0
s → D∓

s K
± 4 + X [ ¢  +]\  + u_�0º�� . �º£F�W1�-�z� + 4�£-X5X¶º� \ £��W1 + � U 4$��/U ,2s � ���� .L+ �=�W1��4 + X%�HU�X¶�) �H¢ �W1�	�¡ s 1=�W1�'cu_�0��c	]^*r \ 	 ,2s � +2s + 4 4WU s�, X% , � +3,/. . p0 + £=�HU�X¶ 4iX% +]\ U ,2s U 4 +v.-+ X [  , U ,2s	�^/�W1�A	�4d0�U�¢ ¢ + �HU 	 , 4 � �W1� , Í�  ußp0º�vU ,5+ 4 + X [ ¢ ¶	�^ \ �0º	 , 4�� \ ¡/0º�� .  j� , �k4_0 +3, �� . U u_ \  , � 4WU , 0º�W1� . p0 + £B�HUNX% \ c4e	�¢g¡~�HU 	 , U 4����	�	
�������s*������Q*���*����*jOU + �W1�'� \�+ 0/a \ p0Í	 , 4�� \ ¡/0��HU 	 , +3,/. j� \ ����3U ,2s

+ ¢ s 	 \ U �W1-Xv4p)�CH¡�$��	¯�W1��^ + 0º�Q�W1 + �'�W1�p4{ + 4 4WU s�,  .  \ \ 	 \ 4YU , 09¢g¡ .  + r	U . �4 [ �0º� \ ¡-X � + 4	4i1�	�r ,
� u



� ±�À�Çn¾)®n¾ � ¾)®�Ä-½n±ÍÇnÉ�Æ,®@Ç È ¾)®n°���Ë�Ã�®@¾)À�Ò?Çn¾)Ò�ÀVÃ�ÆßÇnÂuÃ�Æ�±AÑrÃ�ÂÍ®nË�½ Ssig

∆ms ( ps−1) ω |λf | γ + φs (◦) ∆T1/T2 (◦) Ssig��À�»�É�® � Ã�Æ�É�± 17.5 0.328 0.37 60 0 1.175� ¾)®n®n±�Á � Ã�Æ�É�± 17.5 0.3278 0.372 60.3 0.4 1.176

σ L�� Ä M 0.003 0.0028 0.026 4.7 4.6 0.045

σ L m Ä M 0.007 0.0063 0.058 10.5 10.4 0.100

Ý�Ã�·�Æ)± e � � ±�À�Çn¾)®n¾ � ¾)®�Ä-½n±ÍÇnÉ�Æ,®@Ç È ¾)®n°���Ë�Ã�®@¾)À�Ò?Çn¾)Ò�ÀVÃ�ÆßÇnÂuÃ�Æ�±AÑrÃ�ÂÍ®nË�½ Ssig Î

U , TPU s )�� � + 4e , 4iU �HU jOU �4£o^G	 \  + 021Öcu_�0��	0 +-, ��2	��~� + U ,  . )� , 	 \�.  \ ��	l0/1��02a U ^��W1��4WU s�,/+ ¢�4 0 + ¢ o^ + 0º��	 \w+3,/. �W1� XYU 4�� +/s ^ \�+ 0��HU 	 , 0 +-, �� . º�� \ X5U ,  .
4iU�X$¡�¢ � +3, Í	�¡24�¢ £ � rz \�+-,q+/sO+ U , �����<E��� [  \ UNX% , �k4 F rv1� \ Vr"v1 + j� �W1�w^G	�¢ ¢ 	�rqU ,2s z¼	 + �HU ,2s�[/+/\�+ XB�Í�� \ 4 K ∆ms � ω � |λf | � arg(λf) � arg(λ̄f̄)

+-,/. �W1��4iU s�,/+ ¢*4d0 + ¢ 
^ + 0º��	 \ Ssig

)7�q1� � + 0/a s�\ 	¼¡ ,/.
4d0 + ¢  ^ + 0���	 \ Sbg

\ /X + U , 4 + � �� .~[/+]\�+ X%Í�� \ U , �W1OU 4_4��^¡ . £p)O  �',/. �W1 + �Ö�W1�[¢bUNa^9¢?UN1�	�	 . X + �3UNXYU � + �HU 	 , 0º	 , j� \Cs p4
^G	 \ + ¢ ¢��� [  \ UNX% , �k4 r	U �W1�	�¡~� +3, £
[]\ 	���¢ /X 4c)�O  \  [ 	 \ �¨�W1�
4{ , 4WU �HU jOU �4£ \ p4�¡�¢ �k4Y^ \ 	PX �W1OU 4Y4��^¡ . £LU , � + �&) � )��&B , ¢ p4 4�	��W1� \ rqU 4eX¶ , �HU 	 ,  . � �W1�;U ,-[ ¡~�{j + ¢g¡�p4Ö	�^%�W1� . U u_ \  , � [/+]\�+ X%Í�� \ 4 +]\ 3�W1�l4 + X% + 4 U , 4ep0º�HU 	 , ��) R )B , � +/sOs  . B0

s → D∓
s K

± cj� , �k4 +]\ oU , 0�¢ ¡ .  . U , �W1� +3,/+ ¢ £24WU 4c)Y���	�X [/+]\ U ,2s � + �&) � ��	3�W1� \ c4º¡�¢ �k4�U , 4{�0��HU 	 , ��) R �]� + �&)Ö�%�qrz �I,/. �W1 + �%�W1� \ p4{	�¢g¡~�HU 	 , 4	 , ∆ms � |λf | � γ + φs
+-,/. ∆T1/T2

\ /X + U , X + U , ¢ £�¡ , 021 +3,2s  . ) �q1�$	 , º��£� +]\ \ c4e	¼¢ ¡~�HU 	 , 	 ,�W1�;X5U 4{� +2s ^ \�+ 0º�HU 	 , ω 1 + 4�rz	 \ 4{ ,  . �º£ + ^ + 0º��	 \ � rz	 ��	 σ(ω) = 0.006 +3,/. �W1�3	 , º��£� +]\
\ c4e	�¢g¡~�HU 	 , 	 , �W1�54WU sP,/+ ¢34 0 + ¢ Y^ + 0���	 \ U 4 +]\ 	�¡ ,/. 10%

	�^ U �k4 U ,-[ ¡~� j + ¢ ¡��)�q1�
ω +3,/. Ssig

� ���� .L[/+]\�+ X%Í�� \ j + ¢ ¡�p4 +-,/. [ ¡�¢g¢ . U 4{� \ U���¡~�HU 	 , 4 +]\  [/\ p4{ , �� . U , TPU s )=���-)
T9	 \ ��	��W1 [/+]\�+ X%Í�� \ 4H�W1� [ ¡�¢g¢ . U 4{� \ U���¡~�HU 	 , U ,/. U 0 + ��c4¶¡ ,/.  \ p4��HUNX + �� .  \�\ 	 \ 4 + 4 σ(pull) ≈ 1.2

)
�q1� [ ¡�¢g¢ . U 4�� \ U ��¡~�HU 	 , 4_^G	 \ �W1�$	��W1� \ z�	 + �HU ,2sl[/+/\�+ X¶º�� \ 4 . 	 , 	��	U ,/. U 0 + �� +-, £ []\ 	���¢ /X 4c)

� �



 / ndf 2χ  33.14 / 37

Constant  1.59± 25.63 

Mean      0.0001± 0.3278 

Sigma     0.000105± 0.002807 

ωFitted 
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 / ndf 2χ  33.14 / 37

Constant  1.59± 25.63 

Mean      0.0001± 0.3278 

Sigma     0.000105± 0.002807 

 / ndf 2χ  92.03 / 37

Constant  1.32± 20.58 

Mean      0.0627± -0.1004 

Sigma     0.050± 1.191 

)ω(σ)/fitω - trueω(
-3 -2 -1 0 1 2

ev
en

t 
#

0

5

10

15

20

25

30

35

40

45

 / ndf 2χ  92.03 / 37

Constant  1.32± 20.58 
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� ¾)Ò�É�½e± mOm�� � �  + �(� "9������
��  ��� ��� , 5��(�<��	�� "�5 ,/, ��� �  �+� * 5  � ��	�� �����  0�� �'��	��+�  �����  � �  5���� � �  0 �
� �;�  �/	����+�/��	9� , �'7A� , � � ��7  ��� Ssig

1�� � �  ���G�!����7  � ��	 ω
�  + �(� ��� , 5��(� �! ��" , �&�  #4��	�� "�5 ,/, �! ��" �+�/��0  #
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� � ��� � � �98
OtU �W1H�W1�w09¡ \ \  , �/��	~£ �Ö	 , ��'� +]\ ¢ 	�S_	�	�TPU �=4e , 4iU �HU jOU �4£_4��^¡ . U c4 ^G	 \ �W1� . �0 + £_021 +3,-, 9¢ 4 B0

s →
D−

s π
+ +-,/. B0

s → D∓
s K

± []\ p4{ , �� . U , �W1OU 4 , 	��� � rz \  [ 	 \ �=�� [ �0��� . 	 , ���£Í +]\ 4e , 4iU �HU jOU �HU p4	�^
σ(∆ms) = 0.007 ps−1 � σ(ω) = 0.003 � σ(γ + φs) = 10.3◦ +3,/. σ(∆T1/T2) = 10.3◦

^G	 \
, 	�XYU ,/+ ¢'U ,-[ ¡~� j + ¢g¡�p4 � rq1� , ¡ , � +2sOs  . B0

s → D∓
s K

± cj� , �k4 +]\ 
U , 0�¢ ¡ .  . U , �W1�{4��^¡ . £�)<O 
, 	��� +-, U�X [/\ 	�j�/X¶ , � 	�^ ∼ 2◦

U , �W1� \ p4{	�¢ ¡~�HU 	 , 4H	�^ γ+φs
+3,/. ∆T1/T2

0Í	PX [/+]\  . ��	 + 4��^¡ . £
rq1� \ A�W1�?¡ , � +2sOs  . B0

s → D∓
s K

±  j� , �k4 rz \  , 	��vU , 09¢g¡ .  . )� 1�p0/a2U ,2s �W1�� ußp0º�¶	�^*�W1� B0
s → D∓

s K
± � + 02a s�\ 	�¡ ,/. ¢ cj�9¢y	 , �W1� \ p4{	�¢ ¡~�HU 	 , 4 � r" 4{��W1 + � U ^_�W1� \ 	r + 4 , 	?� + 0/a s�\ 	�¡ ,/. ��	��W1� B0

s → D∓
s K

± 0/1 +-,-, �¢9�W1� , �W1� \ p4{	�¢ ¡~�HU 	 , 	 , γ+φsrz	�¡�¢ . UNX []\ 	�j� �Í£ ∼ 0.7◦ � rq1OU�¢  U ^ �W1� \ {r + 4o1OU s 13� + 02a sP\ 	�¡ ,/. ¢  j��¢�	�^ B/S = 2
�W1� , �W1�

\ c4e	�¢g¡~�HU 	 , rz	�¡�¢ . . º�� \ U 	 \�+ ����º£ ∼ 0.8◦
)

�q1�2�� [ �0��� .L\ p4{	�¢ ¡~�HU 	 , 4 .  [  ,/. 	 , �W1�2�� [  \ U�X¶ , � + ¢g¢ £ . º�� \ XYU ,  . XYU 4�� +/s ^ + 0��HU 	 , ω ��W1� \ c4e	�¢g¡~�HU 	 , 4H	 , �W1� rz + a +-,/. 4�� \ 	 ,2sl[ 1 + 4{p4vU�X [/\ 	�j� r	U �W1 . p0 \  + 4WU ,2s ω )Q� X [/\ 	]jOU ,2s ω �º£
∼ 10% \ �¢ + �HU j�2��	��W1� , 	PX5U ,/+ ¢ ω = 0.328

j + ¢g¡� \ p4�¡�¢ �k4 U ,o+ 1◦ U�X [/\ 	]j� . 4{ , 4WU �HU jOU �r£?	 , �W1�
rz + a +-,/. 4�� \ 	 ,2s [ 1 + 4ec4p)O $	¼�24e \ j�2�W1 + �*�W1� \ p4{	�¢ ¡~�HU 	 , 4%	 , �W1� rz + a +3,/. 4{� \ 	 ,2s [ 1 + 4{p4 . Í�� \ U 	 \�+ ��¯�º£ + X + �3U �
X$¡-X 	�^

1◦
U ^��W1�Y4�� \ 	 ,2sl[ 1 + 4{ j + ¢g¡�{U 4 −20◦

	 \ +20◦
U , 4{�� +]. 	�^c�W1� , 	�XYU ,/+ ¢ 0◦ )� ^�¡ \ �W1� \ 4��^¡ . £ [/\ 	]j�p4A�W1 + �5U �{U 4 [ 	O4 4WU���¢ F��	 . Í�� \ X5U , ¯�W1�lX5U 4{� +2s ^ \�+ 0��HU 	 , ω +-,/. �W1�

4iU s�,/+ ¢�4 0 + ¢  ^ \�+ 0��HU 	 , Ssig

4WUNX�¡�¢ � +-, �	¼¡24º¢ £�) �q1�'�� [ p0º�� .o\ p4{	�¢ ¡~�HU 	 , 4VU , 4�¡/0/1q4��^¡ . £ +/\  σ(ω) =

0.0063 +3,/. σ(Ssig) = 0.1
)

� +



� � 	 � ��� � 5 � �5�s8 � � � ��� 8 ��� ���<��� ����
c�	�

�	1� +3,/+ ¢ £24WU 4 [/\ c4e , �� . U , �W1OU 4 , 	��� 0 +3,J+ ¢ 4{	 �� [  \ ^G	 \ X% . . U \ p0º�^¢ £ U , �� \ Xv4�	�^��W1�
+ 4{£-X5X%Í� \ £Vj +]\ U + ��¢ p4 Cf � Sf � Df � Sf̄

+3,/. Df̄

��# ��) �P�c)�� 0c0Í	 \�. U ,2s ��	Q# �O4c) y�� � � + ¢?UNa@�¢?U�1�	¼	 . � ���	¨�W1�c4eQ	��24{ \ j + ��¢ p4VU 4 + X%	 . �¢ � U ,/.  [  ,/.  , �VX%Í�W1�	 . )H� , ^G	 \ X + �HU 	 , 	 , �W1� �@�¼������� 4e , 4iU �HU jOU �4£��	��W1� + 4�£-X�X%Í� \ £2	��24e \ j + ��¢ c4vU 4wj + ¢g¡ + ��¢ v^G	 \ 	��W1� \ �"�V��jOU 	�¢ + �HU 	 , 4{�^¡ . U p4 K U �_1 + 4%��Í , 4i1�	�r ,U , � ��! +-,/. \ c^G \  , 0Íp4Q�W1� \ /U , 1�	�r¦�W1�Í£�0 +-, 4e \ j� + 4	U ,-[ ¡~�_U , 	��W1� \ X¶º�W1�	 . 4H	�^
��9� \�+ 0º�HU 	 , 	�^
γ
) ��	��W1o0/1 +-,-, �¢ 4 Bs → D±

s K
∓ +3,/. Bd → D±π∓ +]\ F¡24e . U ,
+ 0º	�X$�OU ,  . +-,/+ ¢ £24WU 4 � ¡ ,/.  \�W1� + 4 4º¡-X [ �HU 	 , 	�^�Bß� 4 [ U , 4�£-X�X%Í� \ £ � ��	 \  . ¡/0Í-�W1� , ¡-X$�� \ 	]^ + X��OU s ¡�	�¡24Y4e	�¢g¡~�HU 	 , 4Y^G	 \ γ

[/\ c4e , � U , X¶	�4{�vX¶º�W1�	 . 4c)� , rq1 + � ^G	�¢ ¢ 	�r 4 r" 1 + j� \  [  + �� . + ��	~£ �¯� 4��^¡ . £?	�^������ E��� [  \ UNX% , �k4 F ¡24WU ,2sl[]\ �02U 4e9¢ £�W1�54 + X% U ,-[ ¡~� +3,/.L[ 1~£24WU 0 4 [/+/\�+ X¶º�� \ 4 + 4 U , �W1�{4��^¡ . £ [/\ p4{ , �� . U , 4{�0��HU 	 , ��) �*)¨�-UNa^irqU 4e �	 , ¢ £$� +2sOs  . B0
s → D−

s π
+ +-,/. B0

s → D∓
s K

± cj� , �k4 r" \ {0º	 , 4iU .  \  . )�	1� 0º	�X��OU ,  . ¢?UNa@�¢?U�1�	¼	 . ^G	 \ B0
s → D−

s π
+ +3,/. B0

s → D∓
s K

± r + 4l4iU�X$¡�¢ � +3, Í	�¡24�¢ £
X + �3U�X5U �Í . � + 4¨��c^G	 \ �) �	1� . U u_ \  , 0Í�0Í	�X%p4_^ \ 	�X �W1��4{Í�'	�^ z¼	 + �HU ,2s~[/+]\�+ X%Í�� \ 4YU , �W1� � � �rq1OU 021 +]\ L1� \  K ∆ms � ω � Cf � Sf � Df � Sf̄

+-,/. Df̄

) �	1� U ,-[ ¡~� j + ¢ ¡�c4$	]^Q�W1� + 4�£-X5X¶º� \ £
j +]\ U + ��¢ c4Vrz \ �0 + ¢ 09¡�¢ + �� . ^ \ 	�X �W1� [/+]\�+ X¶º�� \ 4 U , � + �&)�� +-,/. �W1�2U \ .  �', U �HU 	 , 4 � # ��) �*)�ß	�X [/+/\ U ,2s r	U �W1;�W1� � ��	�^v4{�0º�HU 	 , �*)g� � � rz	 ��9� \�+ z¼	 + �HU ,2s [/+]\�+ X%Í�� \ 4 +]\ KU , � \ 	 . ¡/0Í . K�W1�Y4{Í� � |λf |(= |λ̄f̄ |) � arg(λf) � arg(λ̄f̄)

�¶��p0Í	�X%p47�
Cf � Sf � Df � Sf̄

+-,/. Df̄

� )?�	1�p4{2��9� \�+
.  s�\ Íp4H	]^�^ \ Í . 	�X \ �¢ + ��%��	��W1� 0º	 , 4{� \�+ U , �k4 , 	��Q¡24{ . U , �W1OU 4w4{�^¡ . £p)Q� ,/. Í . � Cf = Cf̄

¡ ,/.  \	�¡ \ + 4 4�¡-X [ �HU 	 , 4 � 4eÍ 4{�0º�HU 	 , �%�c) T�¡ \ �W1� \ X%	 \  � U �oU 4�4�� \�+ U s 1~� ^G	 \ r +]\�. ��	G0/1�p0/a ^ \ 	�X # ��) ��W1 + �*�W1� + 4{£-X5X%Í� \ £�	��24{ \ j + ��¢ c4Q	���º£$�W1�50º	 , 4{� \�+ U , �k4

C2
f + S2

f +D2
f = 1 , C2

f̄ + S2
f̄ +D2

f̄ = 1 . L m�ePM

� ±�À�Çe¾)®@¾ � ¾)®�Ä ½e±�ÇeÉ�Æ)®nÇ=ÑG½eË�¿ B0
s → D−

s π
+
Ã�À�Á

B0
s → D∓

s K
±

È ¾,®@°�Ë�É�®=Â�Ë�À�Çe®@½nÃ�¾�À�®BË�À;Ã�Ç{Ä¼¿�¿�±Í®@½{Ä�Ë�·�Çe±�½ � Ã�·�Æ�±ÍÇ
∆ms ( ps−1) ω Cf Sf Df Sf̄ Df̄��À�»�É�® � Ã�Æ�É�± 17.5 0.328 0.759 −0.564 0.325 0.564 0.325� ¾)®n®n±�Á � Ã�Æ�É�± 17.5 0.328 0.760 −0.568 0.328 0.559 0.335

σ L�� Ä M 0.003 0.0013 0.046 0.063 0.119 0.065 0.126

σ L m Ä M 0.007 0.003 0.104 0.141 0.267 0.144 0.282

Ý�Ã�·�Æ)±
�
� � ±ÍÀ�Çn¾,®@¾ � ¾,®�Ä¦½e±�ÇnÉ�Æ)®@Ç3Ë�ÀZ®n°�± Ã�ÇeÄ�¿�¿¯±º®@½{Ä¸Ë�·�Çe±�½ � Ã�·�Æ�±ÍÇ3ÑG½eË�¿ B0

s → D−
s π

+
Ã�À�Á

B0
s → D∓

s K
± ®^Ã�Ò�Ò�±�Á3± � ±�À�®¶ÇnÃ�¿�»�Æ�±ÍÇ Î

� �
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�q1� \ p4�¡�¢ �k4Ö	 , �W1�~4e , 4iU �HU jOU �r£3��	Ê�W1� + 4�£-X5X¶º� \ £;	��24{ \ j + ��¢ c4 +]\  [/\ p4{ , �� . U , � + �&) �*)�q1� \ c4e	�¢g¡~�HU 	 , 4H	 , ∆ms � ω +/\ ¶��	 �� 0Í	�X [/+]\  . rqU �W12�W1�	O4ev^ \ 	�X)� + �&) R � �W1�Í£ +]\ 5U .  , �HU 0 + ¢ �

+ 4H�� [ p0º�� . )�q1� + 4{£-X5X¶º� \ £Ø	¼�24e \ j + ��¢ p4 +]\ K0º	 \�\ p0º�^¢ £ . Í�� \ XYU ,  . �º£ �W1� ¢?U�a^�¢bUN1�	�	 .(� � ) � , ���£Í +]\
\ c4e	�¢g¡~�HU 	 , 4Q	]^��W1�2	 \�.  \ 	]^ 10 − 30% +]\  + 0/1OU  j� . )

�84/�W1�V0º	 , 4�� \�+ U , �F# ��)�� � r + 4 , 	�� UNX [ 	�4e . . ¡ \ U ,2s �W1� � � � �W1� . U 4�� \ U ��¡~�HU 	 , 4�	�^ C2
f +S2

f+D2
f+3,/. C2

f̄
+ S2

f̄
+ D2

f̄

X + £~4e \ j� + 4 + 0 \ 	O4 4�� 0/1��02a 	�^*�W1� 0º	 \ \ p0º� , p4 4Ö	�^*�W1� �',/+ ¢ � � \ c4º¡�¢ �k4p)
��	��W1Yrz \ 5^G	¼¡ ,/. ��	�^G	�¢g¢ 	�r + # + ¡24 4WU +-,�. U 4{� \ U���¡~�HU 	 , 0º , �� \  . +/\ 	�¡ ,/. �-)

�H¢ ¢ � � [/+]\�+ X%Í�� \ 4 [ ¡�¢g¢ . U 4�� \ U���¡~�HU 	 , 4 +]\  ¡ , �OU + 4{ . +-,/. 0º	 , 4iU 4{�� , � r	U �W1 + ¡ , U � r	U . �W1 �4 1�	�r	U ,2s
+ 0Í	 \ \ �0��'c4{�HU�X + �HU 	 , 	�^/�W1� � �  \ \ 	 \ 4c) �q1� + 4�£-X�X%Í� \ £�	��24e \ j + ��¢ c4 [ 	O4 4{p4 4 � s ¢ 	�� + ¢ �
0Í	 \�\ �¢ + �HU 	 , 4Q	�^
�4£ [ U 0 + ¢ ¢ £ 0.2

)

� ±ÍÀ�Çn¾,®@¾ � ¾,®�Ä ½n±ÍÇnÉ�Æ,®@ÇQÑG½nË�¿ B0
s → D−

s π
+
Ã�À�Á

B0
s → D∓

s K
±

È ¾)®n°;ÂÍË�À�Ç{®@½@Ã�¾�À�®=Ë�À³Ã�ÇeÄ�¿�¿¯±º®@½eÄ-Ë�·�Çe±�½ � Ã�·�Æ�±�Ç
∆ms ( ps−1) ω Cf Sf Sf̄��À�»�É�® � Ã�Æ)É�± 17.5 0.328 0.759 −0.564 0.564� ¾)®e®@±�Á � Ã�Æ)É�± 17.5 0.328 0.754 −0.561 0.565

σ L�� Ä M 0.003 0.0013 0.031 0.049 0.045

σ L m Ä M 0.007 0.003 0.070 0.110 0.101

ÝcÃ�·�Æ�± m�� � � ±ÍÀ�Çn¾,®@¾ � ¾,®�Ä ½n±ÍÇnÉ�Æ,®@Ç�Ë�À ®n°�± Ã�ÇeÄ�¿¯¿�±Í®n½eÄ Ë�·�Çn±Í½ � Ã�·�Æ)±�Ç¯ÑG½eË�¿ B0
s → D−

s π
+
Ã�À�Á

B0
s → D∓

s K
± ®^Ã�Ò�Ò�±�Á�± � ±�À�®BÇ@Ã�¿�»�Æ)±�Ç Î ÝQ°�±AÂ�Ë�À�Ç{®@½nÃ�¾�À�®@Ç=Û�� Î m�e È ±�½e±AÉ�Çn±ÍÁ;®nË���½e±�¿�Ë � ±�� DfÃ�À�Á

Df̄

ÑG½eË�¿ ®n°�±���® Î
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O  1 + j� \  [  + �� . �W1� 4 + X% 4��^¡ . £ + 4 + ��	�j����¡~�{U�X [ 	O4WU ,2s �W1�¯� rz	G0º	 , 4{� \�+ U , �k4$	 , Df

+3,/. Df̄

�_# ��)"� � � � \  . ¡/0�U ,2s �W1�
4eº�A	�^ � �vz�	 + �HU ,2s [/+]\�+ X%Í�� \ 4A��	 ∆ms � ω � Cf � Sf
+3,/. Sf̄�

Df
+3,/. Df̄

+]\ �E \ /X¶	�j� .8F ^ \ 	�X �W1� � �+� )� + ��¢ 3�~� []\ p4{ , �k4$�W1� 4{ , 4WU �HU jOU �HU c4$	 , �W1� � ���� . [/+]\�+ X¶º�� \ 4p) �	1��	 , º��£� +]\	\ p4{	�¢g¡~�HU 	 , 4	 , Cf � Sf
+-,/. Sf̄

UNX []\ 	�j�?�Í£ + 4 X$¡/021 + 4 20 − 30%
0Í	�X [/+]\  . ��	?�W1� \ p4{	�¢g¡~�HU 	 , 4 ^ \ 	�X �W1�

, 	 , �k0º	 , 4�� \�+ U ,  . � � )�q1�V4e , 4iU �HU jOU �r£%	 , �W1� Df
+-,/. Df̄

	��24e \ j + ��¢ c4}0 +-, ��H��9� \�+ 0º�� . ^ \ 	�X¦�W1�_0º	 , 4�� \�+ U , �k4 K rz	��~� + U , U , ��	��W1�0 + 4ec4 + # + ¡24 4WU +-,�. U 4�� \ U ��¡~�HU 	 , � ^ \ 	�XN�W1�A�����@E��� [  \ UNX% , �k4 F � 0º , �� \  . +]\ 	¼¡ ,/.
� �



�W1�	0º	 \ \ p0º� j + ¢ ¡� +-,/. r	U �W1 +A� j����£Í +]\ \ p4{	�¢ ¡~�HU 	 , 	�^ + ��	�¡~� 0.8 ��� , *N, 30%
��Í���� \ �W1 +3, 	��~� + U ,  .

r	U �W1$�W1�:E , 	 , � 0Í	 , 4�� \�+ U ,  . � � F )
�H¢g¢ [ ¡�¢ ¢ . U 4�� \ U���¡~�HU 	 , 4 +/\  ¡ , �OU + 4{ . +-,/. 0Í	 , 4WU 4��� , �Yr	U �W1 + ¡ , U � rqU . �W1&) �q1� + 4�£-X5X¶º� \ £	��24{ \ j + ��¢ p4 +]\  U , �W1OU 4 0 + 4{ \�+ �W1� \ 0Í	 \�\ �¢ + �� . � r	U �W1LX¶ +3, � s ¢ 	�� + ¢ � 0º	 \�\ 9¢ + �HU 	 , 42	�^��r£ [ U 0 + ¢g¢ £

0.5 − 0.6
)7�	1� X¶ +3, 0Í	 \�\ �¢ + �HU 	 , ��Í� rzÍ , Cf

+-,/. Sf

�
Sf̄

� +3,/. Sf
+3,/. Sf̄

+/\  ≈ 0.3 +3,/.
0.5 � \ p4 [ p0º�HU j��¢ £p)
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 \ a^ \ a^ +-,/. C_) �8U \ a9�º£ � Ej�	1�
S_	�	�TPU �*��	�	�¢�a2U �w^G	 \�.-+ � + X%	 . �¢?U ,2s8F �� \ 	P0ÍÍ . U ,2s 4¨	�^'�ß	�X [ ¡~�HU ,2s U , �}U s 1 # ,  \�s £ +-,/. � ¡/0�¢  +/\ ��1~£24WU 0 4��{�"� #_�_� R � � � +  ~	�¢g¢ + �� + ) B
�P� � � +]\ 021?����� R � +]\�� U j K [ 1~£24WU 0c4���� R � !���� !

� ��!Ö 3)	��	 \ �¢�Í� + ¢N) � Ej�	1� B0
s → D−
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