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p0        0.00045± 0.02509 

p1        0.00733± -0.00829 
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Const1    11.8± 482.6 

Mean1     0.0000875± -0.0001526 

Sigma1    0.00012± 0.00421 

Const2    5.84± 74.56 

Mean2     0.0003621± -0.0001895 

Sigma2    0.0005± 0.0153 
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Const1    3.53± 37.15 

Mean1     7.949e-04± -8.637e-05 

Sigma1    0.000870± 0.009248 

Const2    1.474± 4.328 

Mean2     0.004147± 0.003587 

Sigma2    0.00511± 0.03367 

 (cm)Mλ
-0.05 0 0.05

E
ve

n
ts

 / 
0.

00
4 

cm

20

40

60
Const1    3.53± 37.15 

Mean1     7.949e-04± -8.637e-05 

Sigma1    0.000870± 0.009248 

Const2    1.474± 4.328 

Mean2     0.004147± 0.003587 

Sigma2    0.00511± 0.03367 

� F ]E1L)4$ � P 2 � R =3$ �
�
D F 026,) FJN 1%6 F 8(5@:H8E)v0 FG- 1 � + 6,$*D � �� � � a� �
	 � $'&($*5i6,0��3+(040 F 53]p6,=L$

04$ �G$*<I6 F 8(5�<') F 6,$*) F +Lb£}36464$*DOk F 64=�64=3$Z041 - 8;:{6¢kX8 �Z+(13020 F +;530*P

W � &V? � � � ( � W � &�� � � � 	 � 	 � ( � & ª � . � , � .�&H026,+;6 ( � . � ª &H0 M 026 ( ( � ,/. 	 � " & � P � (

kn= F <>= F 0u+/&E$'),+(]($*D�:H8E)�D3$*<*+ M 0u6,8 - 1L8E530T+(53D�$ �G$*<I6,)48(530*Pj9$')4$p6,=L$ � � F 0�$I� � $'<'64$*D
}C)40h6K6,8fD3$*<*+ M 6,8 � � � �=	 ���� b�kn=3$')4$ � � F 0K+¡<>=C+;) - $*D N +;) M 8(5Qb|:H8�� �J8dkx$'D NiM 6,=3$�D3$*<*+ M
� � � ��	 � � P ¦ 02041 -TF 53]f+�� � 8(:.64=3$ � � �3)48£D313<'$*D@+;)4$`$ F 64=3$*)9+ � � 026,+;6,$`8E)~+f� a� b36,=L$
:H),+(<I6 F 8(5p8(:.64=3$Z8 N 04$')2&($*D DL$*</+ M 0 F 5�kn= F <>= � � F 0n+u�xa� F 0g] F &E$*5 NiM

� �
�

� W � &�� � � �Ya� � � ���� ( W � &V�xa� � � 	 � � (
W � &�� � � � � � � ���� ( W � &�� � � � 	 � � ( � W � & � � � � a� � � ���� ( W � &H� a� � � 	 � � (

& � P � (
R =3$Z8E5 � M 8 N 02$*)2&($*D@DL$*</+ M 8(:{� a� 648f+�0h6>+;64$ F 53< �G13D F 53]�+ ��	 F 0g� a� � ��	�� a � a k F 64=
+ N )4+(53<>= F 53]p:H),+(<I6 F 8E5[8(: & « � ��� , � � ( � ,/.G	 �����? P R =3$f+ N 028��J1L64$ N ),+(5L<>= F 53]O:H),+;<'6 F 8E530
8(: � � +()2$_538(6 )7538dkn5Qb N 1%6 F 6~k F � � N $_+(04021 - $*D@6,=3+;6K+ ��	 F 0 �3)48£D313<'$*D F 5 ª 2 � 8;: � �

, � «



D3$*<*+ M 0'b.0 F 53<*$u6,= F 0K:H),+;<'6 F 8E5[8(:Y� a� D3$*<*+ M 0 �3)48£D313<'$¡+p� ^ P R =3$T04$ -fF �J$��L6,8E5 F <\D3$'</+ M 0
8(: � � +;)4$K$�� ��$*<I6,$'D¥6,8 �L)4$*DL8 -fF 5C+(5i6 � M �3)48£D313<'$Z+ � � & F +_64=3$v0 FG- � �J$r0 � $'<'6,+;6,8E)xD3$*<*+ M
+(5C+��G8E]E8E130c6,8_� ^� � � a� �
	 �� 	 P ¦ 04021 -fF 53]�+_<'8E5i6,) FJN 1L6 F 8E5f8(:o� a� 6,8 � � 8(: 64=3$K8E)2D3$*)X8(:
,/. � + � �J8dkn0 F 6Y6,8 N $v$'026 FJ- +;6,$'DO64=C+;6

� �
�

� , � 232 � ,/. 	 � � & � P � (

R = F 0 �J$*+(D30Y648f+;5¥$'026 FG- + 6,$v8(:z6,=3$Z<'8 -\N3F 53$*D N )4+(53<>= F 53]T:H)4+(<'6 F 8E5|b

W � &V? � � � ( � W � &�� � � � a� � � 	 ���� ( �
W � & ? � � � ( � W � & � � � � 	 � 	 � ( � � �

�W � &V� a� � � 	 � a � a (
� � � 2�� ,/. 	 � � & � P ,/. (

¦�- $/+;0413)2$ - $*5i6~8(:.� ^� �3)48£D313<I6 F 8(5Okx+(0 � $')2:H8E) - $'D N7M�¦ sot��yj � � «  b3] F & F 53]

W � & ? � � ^� ( � W � &H� ^� � � a� � 	 ���� � ( � & . � �  � . � . � &V0h6>+;6 ( � . � , « &V0 M 026 ( ( � � & � P ,3, (

R =3$*)2$':H8E)2$`64=3$Z),+;6 F 8�8(:{<*8 -_N3F 53$'D N ),+(5L<>= F 53]u:H),+;<'6 F 8E530 F 0

W � & ? � � � ( � W � & � � � � a� � � 	 ���� (
W � &V? � � ^� ( � W � &V� ^� � � a� � 	 ���� � (

� . � .�,3, � & � P , ��(

¦ 0q02$*$*5	�3)2$'& F 8(130�� M b(64=3$Y)4$'<*8E5L026,)213<'6 F 8E5�$ 0 < F $'53< M_F 0{<*8E530 F D3$'),+ N � M )4$'D313<*$'D�:H8E).D3$'</+ M 0
k F 6,= +(D3D F 6 F 8(5C+�� �C+()h6 F < �J$'0 F 5 64=3$ }C5C+ �90h6>+;64$(P ¦ 04041 -fF 53]�+(5 $ 0 < F $*53< M )4$ � +;6 F &($�648
6,=3$�$ � +(0h6 F <¡0 F ]E5C+��yD3$'</+ M 8(: ª . � bq64=3$�D3$'</+ M 0u8(: � � k F � � �3)28d& F D3$p+@<'8E5i6,) FGN 1L6 F 8E5�8(:
+()48E1L53D .%P ª � P �K13$p6,8[6,=3$ �3)2$*04$'53<*$ 8(: - 1 �G6 F � �G$p+(D3D F 6 F 8E5C+�� �C+()26 F < �J$*0 F 5�64=3$O}C5C+��
026>+ 6,$(b~6,=3$[$ 0 < F $'53< M F 0�� F )($ � M 648 N $[<*8(530 F D3$*)4+ N � M �J8dkX$*)�6,=3+(5 6,=C+;6O8;:�64=3$[� ^� �

, � 2



� � �'�
	 �� 	 bC+;53D¥=L$*53<'$Z64= F 0g$'026 FJ- +;6,$ F 0Y&E$*) M <*8E5L04$*)h&;+;6 F &E$(P R =3$`+(02041 - $*DO&;+��J1L$*0n1304$'D
:H8E)�64= F 0\<'8 - �31L6>+ 6 F 8(5 - + M�N $¡&;+() F $*D�<'8E530 F D3$*)4+ N � M k F 6,=38E1%6_6,=L$ � � :H),+(<I6 F 8(5 N $ F 53]
$*026 FJ- +;6,$'D 6,8 N $\]()4$/+ 6,$*)~6,=C+;5 , � bQ+(53D�=L$*53<'$\6,= F 0r<*8(5764) FGN 1L6 F 8E5¥k F � � N $\<*8E5L0 F DL$*)4$'D
6,8 N $Z53$']�� F ] FJN �J$(P

�r64=3$*) �3)2$*D F <'6,$'D@?4A N +() M 8E530 F 53< �J13DL$K6,=3$ � � 0h6>+;64$*0 &�� ��? " � �£? " ���7? ( b£kn= F <>=¥+()4$Z$��£A
� $'<'6,$'D�6,8¥D3$*<*+ M 0264)48E53]�� M � �   +(53D�028 k F � ��538(6 FG- �3+(<'6Z6,=L$�� F :H$'6 FG- $ - $*+(0413)2$ - $*5i6/b
+(53DO6,=3$�� � & � �d? ( bLkn= F <>= 02=38E1 �GD �3)48d& F D3$`+(5O$I&E$*5 0 - +�� �G$*)x<'8E5i6,) FJN 1L6 F 8E5p64=C+(5 � � P

S AC7G-0/2H � 7 ��D �6-

S ^ �(S a - $*048(530u+()4$¡8 N 04$')2&($*D�6,8�D3$'</+ M 648�026>+ 6,$*0 F 53< �G13D F 53]@+@� a� 8E) �� 	� P R =L$
N ),+(5L<>= F 53]�:H)4+(<'6 F 8E5¥:H8E)vS � � a� � �� 	� � F 0 - $*+(041L)4$*D�648 N $  � «�� , � , � � �! P ¦ � . �

<*8E5L}3D3$*53<'$ � FG-fF 6 =C+(0 N $'$*5\$'026,+ N � F 04=3$'D_:H8E)o6,=3$c:H),+;<'6 F 8E5_8;:L6,=L$*04$xD3$*<*+ M 0.kn= F <>=\<'8E5i6>+ F 5
� a� � 	 � � ���  b �J$*+(D F 5L]\6,8�6,=3$ � . � <*8(5L}CD3$'53<*$ � FJ-TF 6y:H8E)Y64=3$ N ),+(5L<>= F 53]�:H)4+(<'6 F 8E5Qb

W � &VS � � a� � 	 � ( � ª � � � ,/. 	 � & � . � w � s � ( � & � P , ª (

�K13$K6,8�6,=L$`= F ]E=3$') �3)48£D313<I6 F 8E5p),+;64$*0g6,=L$*04$ZD3$'</+ M 09<'8E1 �GD �L)48£D313<*$`+�0 F ]E5 F }C</+(5i6g:H)4+(<IA
6 F 8(5v8(:L� a� �
	 �C+ F )40'b;+;04041 -fF 53]g6,=3$�04+ - $ � FJ-TF 6�:H8E)Q026,+;6,$'0{<'8E5i6>+ F 5 F 5L]n+ - 138E5QP{j98dkX$'&E$')
+(D3D F 6 F 8(5C+�� �C+;)26 F < �G$*0 F 5u6,=3$n}C5C+ ��0h6>+;64$9<*+(1302$r<*8(530 F D3$*)4+ N �J$~)4$'D313<I6 F 8(530 F 5f02$ �G$*<'6 F 8E5T$': A
}C< F $*53< M b9+(0p04$'$*5 F 5 64=3$�<*8(530 F D3$*)4+;6 F 8E5 8(:v64=3$ F 53$ � +(0h6 F <�:H)4+(<'6 F 8E5 :H8()f6,=L$ �¥AB:V+(<I6,8E)
D F 0h6,) FGN 1L6 F 8E5QP\# F 5L<*$\6,= F 0K}C5C+ ��026>+ 6,$ - 130h6Z<*8E5i6>+ F 5 +(5 +(D3D F 6 F 8E5C+�� N +() M 8E5�+(0Kkx$ � �c+(0
6,=3$K� a� b76,=3$K$ 0 < F $'53< F $*0g+;)4$ � F );$ � M 648 N $ - 13<>= �G8mkX$*)X026 F � � b£+(53D¡&;+��G13$r8(: � . � )4$ �J+;6 F &E$
6,8¡64=3$\$ �J+(026 F <��x^� D3$'</+ M@F 0K+(02041 - $*D�=L$*)4$\+(0v+¡<'8E5304$')2&;+;6 F &E$_$*026 FJ- +;6,$;P R =3$_:H)4+(<'6 F 8E5
8(:qS - $*048(5�DL$*</+ M 0 F 5p6,=3$Z0,+ - � �G$ F 0g64=3$*5�] F &($*5 NiM

� &VS � � a� � 	 � ( �
��� � W � & S � � a� ��	 � ( � . � � .
� � 	 � ��� � � 	 � W � &H� ^� � � a� � 	 �� 	 � (

" & � P , « (

, � 



kn=3$*)2$ � �fF 0Q64=3$c<*8 -_N3F 53$'D �3)48£D313<I6 F 8(5K:H),+(<I6 F 8(5Z:H8() S a +(53D`S ^ - $'048E530'b(+;53D � � 	 � ��� � � 	
F 0q6,=L$n:H)4+(<'6 F 8E5�:H8E)c?4A N +() M 8E530'b7kn= F <>= F 0c+(02041 - $*DT6,8 N $nD38 -fF 5C+;6,$'D NiM � ^� P R =3$~&;+��G13$*0
:H8E)x6,=L$*04$Z¨71C+(5i6 F 6 F $*0xkX$*)2$Z8 N 6>+ F 53$'D�:H)48 - 6,=38(04$v04=L8mkn5 F 5 R + N �G$ � P � P�©¢5302$*)26 F 53]�64=3$*02$
&(+ �J13$'0~] F &E$'0g6,=3$Z$*0h6 FG- +;64$(b

� &VS � � a� � 	 � ( � . � . 2  & � . � w � s � ( � & � P , 2 (

j9$*5L<*$�6,=3$�<'8E5i6,) FJN 1L6 F 8E5vDL13$�6,8Y6,=L$*04$cD3$'</+ M 0 F 0�� F )($ � M 6,8 N $�)48E13](= � M 2 � 8() �J8dkx$')*P R = F 0
<*8E5i6,) FJN 1%6 F 8(5 F 0Y538;6 F 53< �J13D3$'D F 5p6,=L$K}3646 F 53] �3)28%<'$*D31L)4$(b N 1L6 F 640Y$ ¤ $*<I6,09+()4$K$'026 FJ- +;6,$'D
F 5�64=3$x<'8E530 F D3$'),+;6 F 8E5�8(:C0 M 0h6,$ - +;6 F <x1L53<*$')26>+ F 5i6 F $*0*b;0 F 53<*$Y8(5 � M +(5�1 � ��$*) � FJ-TF 6 $'026 FJ- +;6,$
F 0n+/&;+ F �J+ N �J$;P

� � � �e�*�E�r�q�/� � � �'�{���/� � ����� �~�K�����c�

R 8�D3$I6,$') -TF 53$¡64=3$ - $/+(5��x^� � F :H$'6 FG- $;b�$'&V�X^� ( bq64=3$�& F 0 FGN �J$��3)28�� $')\D3$'</+ M �G$*53](64=�kY+;0
- $*+(0413)2$*D :H8()f$*+(<>= $'&($*5i6/P ¦�N3F 5353$'D -fF 5 FJ- 1 - ���¡}36fkY+;0f6,=L$*5 1302$*D 648�$I�£64),+(<I6
6,=3$ - $/+;5 � F :H$'6 FG- $\:H)28 - 6,=3$¡D F 0h6,) FGN 1L6 F 8E5 8(: �

�
&;+��J13$'0*P ¦ 626,$ - �L640_6,8 � $')2:H8E) - +;5

135 N3F 535L$*D - + � FJ- 1 - � F );$ � F =38£8%D[}36/bq+(0\1302$*D�:H8E)_+�� ���3)2$'& F 8E1L0\� ^� � F :H$'6 FJ- $ - $*+(041L)4$IA
- $'57640*bYD F D538(6 M£F $ �GD 0h6>+ N �J$O)4$'041 �§6,0 F 5�6,= F 0T<*+(04$;P R =3$�135 N3F 5L53$*D }L6f)2$*¨71 F )4$*0u6,=L$
1304$�8(:q0 F D3$ N +(53D¥0,+ - � �J$'0g6,8T<*8E530h6,)4+ F 5O6,=3$ N +(<+)7]E)28E1353D�� F :H$I6 FG- $9D F 0h6,) FGN 1L6 F 8E5QbL1353D3$')
6,=3$O+(02041 - �L6 F 8E5�64=C+;6\64=3$�� F :H$'6 FJ- $u<>=C+(),+;<'6,$') F 026 F <*0�8(:g64=3$p0 F D3$ N +(53De0,+ - � �G$*0 - +;64<>=
6,=38E02$n8(: 64=3$ N +(<+)7]E)28E1353Df1353D3$')y64=3$n0 F ](5C+�� ��$/+ )�Pct F 6,=3$')q6,=3$~+(02041 - �L6 F 8E5 F 0�538;6y&;+�� F D
=3$*)2$(b78E).64=3$g= F ](= N +(<+)7]E)48(1353D F 5\64= F 0qD3+;6>+K04+ - � �J$Y<*+(1304$'0��3)48 N �J$ - 0.:H8E){6,= F 0 - $I6,=38£DQP
j9$*5L<*$�+(5�+��G64$*)453+;6 F &E$K}3626 F 5L] - $'64=38£DOkx+(0n1302$*DQb�+(0nD3$'04<*) FJN $*D N $ �J8dkZP

� ��� ��� � � ��!���$

R =3$�04+ - � �J$Kkx+(0n0�� � F 6 F 57648u041 N 04+ - � �J$'0nk F 6,= �
�
F 5O64=3$Z),+(5L]E$*0~04=38dkn5 F 5 R + N �J$ � P � P

��8()X$*+(<>=�8(: 6,=3$'04$ N3F 530*b � &4� ^� � ( kx+(0 � �J8(626,$'D¡+(5LD¡6,=3$ N3F 5L53$*Df= F 0h6,8E]E)4+ - }3626,$'D¡k F 64=

, � �



+_D F 0h6,) FJN 1L6 F 8E5T<*8(530 F 026 F 53]\8(: + �`+;13040 F +(5�0 F ]E53+���� $*+")¡+;53Dp+�:H8E1L)26,=¡8E)4D3$') ��8�� M 538 -fF +��
N +(<+)7]E)48(1353DQP R =3$9<*$'5764),+�� - +(040X+(53Du6,=L$~k F DL6,=T8(:|64=3$ - +(020 ��$/+ )_kx$')4$~}L�%$*D F 5T64=3$*02$
}36,0Y648u64=3$K&;+��J1L$*0g8 N 6,+ F 5L$*D F 5�64=3$K}36g648\6,=3$v:H1 � �|0,+ - � �G$r02=38dkn5 F 5�� F ]E13)2$ LP , ª P R =L$
M%F $ �GD3098;:��Ya� � 	 �C+ F )40'b � � b +(53D�6,=3$ F )~1353<'$*)26,+ F 5i6 F $*0'b � � b�kX$*)2$_8 N 6>+ F 53$*D�:H)48 - 64=3$`}L6,0*P
R =3$g}36464$*D � & � ^��� ( D F 0h6,) FJN 1L6 F 8E5L0q+()2$g04=38dkn5 F 5 � F ]E13)2$ � P�Lbi+(53D�64=3$ � � +(5LD � � &;+��G13$*0
8 N 6>+ F 53$'D�+;)4$ � F 026,$'D F 5 R + N �J$ � P � Po©B6z</+(5 N $c02$*$*5 F 5�� F ]E13)4$ � P g6,=C+ 6 6,=3$cD F 026,) FJN 1%6 F 8(5v8(:
6,=3$`<*8 -_N3F 5C+ 6,8E) F +�� N +(<+)7]E)28E1353D@<>=3+(53]E$'090 F ]E5 F }C</+;576�� M +(<*)28E040n6,=3$`),+;53]E$Z8(: �

�
P R = F 0

N +(<+)7]E)48(1353D�<'8E5i6>+ F 530v<*8(5764) FGN 1L6 F 8E530K:H)28 - - +(5 M 048(13)4<'$*0*bokn= F <>=�k F � �.=C+/&($fD F§¤ $')4$'576
:H),+(<I6 F 8(530 F 5�$*+(<>= 8(:X64=3$ N3F 530*P ��8()K$I�L+ - � �J$;bo+;6v6,=L$ � +()2]E$*)r&;+��G13$*0r8(: �

�
6,=3$')4$\k F � �

N $9+�= F ]E=3$') �3)28���8E)26 F 8E5u8(: $I&E$'57640 F 5ukn= F <>=p+`:V+");$9� a� F 0X<'8E530264)413<I6,$'D¡:H)48 - 64=3$~D3$*<*+ M
�3)48£D313<I6,0\8(:~+ ?,AB=C+(D3)28E5Qbqkn=3$')4$*+(0u+;6_&;+��G13$*0_< �J8(04$f648 	 $')48@64=3$ N +(<+)7]E)28E1353D�k F � � N $
D38 -TF 5C+;64$*D NiM +(04028%< F +;6 F 8E530 8;:C1353)2$ � + 6,$*DZ6,)4+(<+)70.8E) F ] F 5C+;6 F 53]x:H)28 - 6,=L$ �3) FJ- +() M &E$')26,$�� P
R = F 0K}3626 F 53] �3)48£<*$'D313)2$�8 N 6>+ F 530r64=3$�571 -\N $*)v8(:y� a� � 	 �C+ F )40 F 5�$/+(<>= N3F 5Qb +(53D�64=3$*02$
+()4$K1L04$*Dp648\$I�£6,)4+(<'6x6,=3$ � F :H$I6 FJ- $(P R = F 0Y$*530213)4$'0Y6,=C+ 6Y6,=3$ N +(<+)7]E)48(1353DO<>=C+()4+(<'64$*) F 026 F <*0
D38f5L8(6 F 5�*313$*53<'$v6,=3$ � F :H$'6 FJ- $9}36*P
�~0 F 53]e+��3)28 N + NLF � F 6 M D F 026,) FJN 1%6 F 8(5Qb � & �

�
( bg:H8E) �

�
F 5 64=3$ 0 F ]E53+��r+;53D ��$/+") F 5L]

N +(<+)7]E)48(1353D $I&E$'57640*b�6,=3$Z$�� ��$*<I6,$'D �Ya� � 	�M%F $ �GDQb � �� b F 5 N3F 5 � F 0g] F &E$*5 NiM

� �� � � $��%$ � � � & � �
( � �

�
" & � P ,J (

kn=3$*)2$�64=3$ F 5i6,$']E),+;6 F 8E5 F 0 � $')2:H8E) - $'D8d&($*)u6,=3$Ok F DL64=�8(: N3F 5 �4P � $��%$ F 0\6,=3$p6,8;6>+��
5£1 -\N $')98;:�$'&($*5i6,0 F 5�64=3$_0 F ]E53+�� � $*+")�:H8E)n6,=3$Z:H1 � � DC+;6>+T0,+ - � �G$(P ( F 6,= � $'&V� ^� ( +�:H)4$'$
�C+(),+ - $I6,$*)x8(: � & �

�
( bL6,=L$ N $*0h6g}3646 F 53]\&;+��G13$K8(: � $6&V�X^� ( F 0x8 N 6>+ F 53$'D NiMp-TF 5 FJ-TF 0,+ 6 F 8(5

8(:{64=3$ ��� �

� � �������
	 ��
� 	 �

&�� ��� � �� ( �
� �� � & � P , � (

, � �



�
�
),+(53]($>&V< - ( � a� �
	 M£F $ �GD� � . � .�%" � . � . «   � � « �

� � . � . « " � . � . �! � �  �
� � . � . � "+. � .3.  2�� � � , 2 
� . � .3.%"+. � . �? ,3, � � � , �;ª
� . � . � "+. � . «  � � � � � �
� . � . « "+. � .�  2;« . �  �
� . � .�%"+. � . �  � � � � 2;«
� . � . � "+. � ,/.  ��� 2 � «E«
� . � ,/.%"+. � � .  « 2;«��  «
� . � � .%"+. � ª .  « � � ª(«

R + N �J$ � P � ��� a� �
	 M£F $ �GD30g:H8E)Y6,=L$ �
�
N3F 5L0*P

� ��� ��� � ��� ��� ��� � � ��� ��# �&� ��� � � � ��������� �&� � ����

R =3$¡}36`6,8�6,=3$fDC+;6>+ - 130h6�+�� �J8dk�:H8E)`<*8(5764) FGN 1L6 F 8E530Z:H)48 - 0 F ]E53+��y+(53D���$/+ ) F 53] N +(<+)EA
]E)48E1L53DQb�+(53DO=3$'53<*$Z6,=L$ N +(0 F <Z:H8() - 8;: � & �

�
( F 0Y64=3$v:H8�� �G8dk F 53] �

� & �
�
( � &�, � � � ��� ( � � � ��& � �

( � � � ��� � � ����& �
�
( � & � P , � (

� � � ��& � �
( F 0p6,=3$ D F 026,) FJN 1%6 F 8(5 8;: �

�
:H8E)p64=3$�0 F ]E53+��v$'&($*5i6,0'b_+(5LD � � ����& �

�
( F 0p6,=L$

D F 0h6,) FGN 1L6 F 8E5�:H8E)u6,=3$ ��$/+ ) F 53] N +(<+)7]E)48E1L53DQP � � ��� F 0T6,=3$�:H),+(<I6 F 8E5C+��n<*8(5764) FGN 1L6 F 8E58(:
� $*+") F 53] N +(<+)7]E)28E1353D|P � � ����& �

�
( F 0 �C+()4+ - $I6,) F 04$'D NiM +eD38E1 N �G$ �`+;13040 F +(5 <'$*5i6,)2$*D

8E5 	 $*)48Lb.k F 64= 64=3$fk F DL6,=30_+(53D�)4$ �J+;6 F &E$T538E) - +�� F 04+;6 F 8E5@] F &E$*5 N7M 64=3$ �3+(),+ - $'64$*)20 F 5
� F ]E1L)4$ � P 2 P R =3$ZD F 026,) FJN 1%6 F 8(5�:H8E)Y6,=3$Z0 F ]E5C+ �Q$'&($*5i6,0'b � � � ��& � �

( b F 0g] F &E$'5 NiM

� � � �?& � �
( � �

�E����& � (�� � & � ( �
� $6&V� ^� ( � 	

���
	 � � � � �� ��� � & �
�
� � " � (� " & � P , � (

kn=3$*)2$ � & � ( F 0Y6,=L$`0h6,$��¥:H1353<I6 F 8E5QP ¦ 538E) - +�� F 02$*D�D3$'</+ M $I� ��8E53$'576 F +�� F 0g0 - $/+()2$*DOk F 64=
6,=3$ �¥AB:V+(<I6,8E)`D F 0h6,) FJN 1L6 F 8E5[6,8¥] F &($f64=3$¡$�� ��$*<I6,$'DD F 0264) FGN 1L6 F 8E5 8(: � P R 8@8 N 6,+ F 5[6,=L$
�3)48 N + N3F � F 6 M DL$*530 F 6 M :H8E) �

�
b76,=3$9D F 0h6,) FJN 1L6 F 8E5 F 0X+��G048_0 - $*+()4$'D NiM <'8E5i&E8��G1L6 F 8E5fk F 6,=¡+

, � �



)2 p) (GeV/c0

S
M(K

2.1 2.2 2.3 2.4 2.5

)
2

E
ve

n
ts

 / 
(1

6.
67

  M
eV

/c

100

200

300

400
 < -0.04cmMλ ≤-0.06cm 

)2 p) (GeV/c0

S
M(K

2.1 2.2 2.3 2.4 2.5

)
2

E
ve

n
ts

 / 
(1

6.
67

  M
eV

/c

500

1000  < -0.02cmMλ ≤-0.04cm 

)2 p) (GeV/c0

S
M(K

2.1 2.2 2.3 2.4 2.5

)
2

E
ve

n
ts

 / 
(1

6.
67

  M
eV

/c

2000

4000

 < 0.00cmMλ ≤-0.02cm 

)2 p) (GeV/c0

S
M(K

2.1 2.2 2.3 2.4 2.5
)

2
E

ve
n

ts
 / 

(1
6.

67
  M

eV
/c

2000

4000

6000  < 0.02cmMλ ≤0.00cm 

)2 p) (GeV/c0

S
M(K

2.1 2.2 2.3 2.4 2.5

)
2

E
ve

n
ts

 / 
(1

6.
67

  M
eV

/c

500

1000

1500

2000  < 0.04cmMλ ≤0.02cm 

)2 p) (GeV/c0

S
M(K

2.1 2.2 2.3 2.4 2.5

)
2

E
ve

n
ts

 / 
(1

6.
67

  M
eV

/c

500

1000  < 0.06cmMλ ≤0.04cm 

)2 p) (GeV/c0

S
M(K

2.1 2.2 2.3 2.4 2.5

)
2

E
ve

n
ts

 / 
(1

6.
67

  M
eV

/c

200

400

600  < 0.08cmMλ ≤0.06cm 

)2 p) (GeV/c0

S
M(K

2.1 2.2 2.3 2.4 2.5

)
2

E
ve

n
ts

 / 
(1

6.
67

  M
eV

/c

100

200

300

400
 < 0.10cmMλ ≤0.08cm 

)2 p) (GeV/c0

S
M(K

2.1 2.2 2.3 2.4 2.5

)
2

E
ve

n
ts

 / 
(1

6.
67

  M
eV

/c

200

400

600

800
 < 0.20cmMλ ≤0.10cm 

)2 p) (GeV/c0

S
M(K

2.1 2.2 2.3 2.4 2.5

)
2

E
ve

n
ts

 / 
(1

6.
67

  M
eV

/c

50

100

150

200  < 0.30cmMλ ≤0.20cm 

� F ]E1L)4$ � P� � R =3$�}3626,$'D � ^��� F 5i&;+() F +(5i6 - +;040�D F 0h6,) FGN 1L6 F 8E530�:H8()�� a� �
	 </+(5LD F DC+ 6,$*0
k F 6,= F 5O$/+(<>=�8(:z6,=3$ �

�
NLF 530g02=38dkn5 F 5 R + N �G$ � P � P

, ª .



)4$*028��J1%6 F 8(5�:H1353<'6 F 8E5�8(:z6,=3$v:H8E) -

� & �
�
� � " � ( � � �& � (�� & �

�
� �#" � " � ( � � � & � P � . (

��F 0o6,=3$X1353<'$*)26,+ F 5i6 M�F 5 �
�
bE8 N 6,+ F 53$'D�:H)28 - 6,=3$y6,)4+(<+)`+(53D_&($*)264$I�\1353<*$')26,+ F 5i6 F $*0'P �& � (

F 0Y6,=L$
�L)48 N + N3F � F 6 M D F 0h6,) FGN 1L6 F 8E5¡:H8() � :H8E)X6,=3$Z0 F ]E5C+��|$'&E$'5i6,0K+;53D � & �
�
� � " � " � ( F 0n+

�`+(1L040 F +(5p:H1353<I6 F 8(5�] F &E$'5 NiM

� & �
�
� � " � " � ( � ,

� � � � �
�������	�
���	��

 ������� 
� & � P � , (

¦ D FJ- $*530 F 8E5 �G$*020Y04<*+��J$K:V+(<I6,8E)'b �Eb F 0 F 53< �G13D3$*D|b3] F & F 53]\6,= F 0 �`+;13040 F +(5�+\k F DL64=O8(: & � � ( P
�v$�� F 02640x6,8_+(<*<'8E135i6Y:H8E)c6,=L$ � 8(040 FGN3F � F 6 M 64=C+;6y6,=3$r$*)4)28E)40X8E5 �

�
+()2$r538(6X<*8()4)4$'<'6�� M $*026 F A

- +;64$*DQP R =3$y6,),+;<+)
�3+(),+ - $'64$*)o1353<'$*)h6>+ F 576 F $'0 - + MZN $ -fF 04$'026 FG- + 6,$*DZD31L$X6,8 F 5L<*8 - � �J$I6,$
- 8£D3$ � � F 53]n8(:C6,=3$x$ ¤ $*<'640q8(:C64=3$YD3$I6,$*<I6,8E) - +;64$*) F +��78E5��3+()26 F < �G$*0 �C+(020 F 5L]K6,=3)28E13]E=QP R = F 0
k F � � �J$/+;D�648u64=3$`$*)4)28E)40~8E5 �

�
N $ F 5L] F 53<*8()4)4$'<'6�� M $'026 FG- + 6,$*D|P � F 0 F 53< �J13D3$'D�648¡+;D l213026

+�� �38;:|6,=L$ �
�
1L53<*$')26>+ F 5i6 F $*0�6,8`<*8E)2)4$'<'6y:H8E)q6,= F 0c0 M 0264$ - +;6 F <9$ ¤ $'<'6/P�©B6 - + M�N $n)2$ �J$*+(04$'D

+(0`+O:H)2$*$	�C+()4+ - $I6,$')Zk F 6,= F 640v&(+ �J13$�8 N 6>+ F 53$*D NiM 6,=3$ N $*026Z}36Z648�64=3$uDC+;6>+%bz8()Z}%�L$'D
N +(04$'Dp8E5 F 5L:H8E) - +;6 F 8E5\:H)28 - 8(6,=L$*)y048E13)2<*$'0*bC+(0XD3$*02<*) FJN $*D F 5f6,=L$9:H8�� �J8dk F 53]Z02$*<'6 F 8E5|P�©¢5
+(D3D F 6 F 8(5�6,8 � $'&V� ^� ( bL64=3$Z8(6,=3$')g:H)4$*$ �C+;),+ - $'64$*)40g8;:.6,=L$Z}L6~+()4$ � $��%$ +(53D � � ���dP

©¢5 �3),+;<'6 F <*$[6,=3$ F 5i64$*]E)4+��K8d&E$')�� F 5 & � P , � ( kY+;0¥)2$�� �J+(<*$'D NiM + 021 - 8d&E$*)O6,=L$
N3F 530 F 5�6,=3$ �¥AB:V+;<'6,8()KD F 0h6,) FJN 1L6 F 8E5 F 5 � F ](13)4$ � P « PT# FJ-TF � +;)�� M bC6,=3$ F 5i64$*]E)4+��q8d&E$') �F 5
$*¨71C+;6 F 8E5 & � P � . ( kx+(0�)4$�� � +(<'$*D NiM +@021 - 8d&E$')\6,=3$ NLF 530 F 5�6,=L$pD F 0h6,) FGN 1L6 F 8E5�02=38dkn5
F 5 � F ]E13)2$ � P � P R = F 0`D F 0h6,) FGN 1L6 F 8E5[kY+;0_8 N 6,+ F 5L$*D�1L0 F 5L]@+�64$*<>=35 F ¨713$�0 FJ-TF � +;)r6,8�6,=C+;6
1304$'D F 5�6,=3$�� F )($ � F =38%8£DT),+;6 F 8\02$ �J$'<'6 F 8E5 F 5p02$*<I6 F 8(5 LP 2 P � P ¦ 5�+(D3D F 6 F 8(5C+���<*1L6n)2$*¨71 F ) F 53]
�

� � � .". � - kx+(0Y+ � � � F $*Du6,8�)4$*DL13<*$~6,=3$ �J$'&($ ��8(: N +(<+)7]E)48E1L53D N $ �J8dk 64=3$~0 F ](5C+�� ��$/+")
+(53D@D3$'<*)2$/+(02$\6,=3$\<'8E5i6,) FJN 1L6 F 8E5�:H)48 - ��$/+") F 53] N +;<+)£]()48E135LDQP R =3$\)2$*021 �G6 F 53] � & � ^��� (

, ª ,



)2 p) (GeV/c0

S
M(K

2.1 2.2 2.3 2.4 2.5

)
2

E
ve

n
ts

 / 
(1

6.
67

  M
eV

/c

2000

4000

� F ]E1L)4$ � P � � R =L$ � ^� � F 5i&(+;) F +;576 - +(020�:H8E)�� a� �
	 �C+ F )40 F 5 6,=3$�}C5C+ �K0,+ - � �G$ k F 64=
�

� � � .". � - P

D F 0h6,) FGN 1L6 F 8E5 F 0¡02=38dkn5 F 5 � F ]E13)2$ � P � P ¦ 0 F ]E5C+��~)4$'] F 8E5kY+;0�D3$'}353$*D F 5 6,=3$@)4+(53]E$
��� « 2 � � & �@^� � ( � � ª � � "�$ ����� � bn+(5LD 0 F D3$ N +;53D30p+;6 � , �;« � � &4�@^� � ( � ����� 2

"¥$ � � � �{+(53D � ª;« � � � & � ^� � ( � � ª���� "¥$ � � � �dP R =3$�� �G8(6 8(:  & � ( kx+(0 6,=3$'5Z8 N 6>+ F 53$'D
N7M 041 N 64),+(<I6 F 53]@6,=3$pD F 0264) FGN 1L6 F 8E5�8(: � :H8E)_64=3$O0 F D3$ N +;53D�0,+ - � �J$'0_:H)48 - 6,=3+;6�8(:n6,=L$
0 F ](5C+��Q)2$*] F 8E5QP

� ��� � � � 	�#���� ��#%	������ � � #%��������� � '�

R =3$Z04</+ �J$v:V+(<'648E)*b �ibL=C+(0 N $'$*5 - $*+(0413)2$*Dp:H8E)n+(5L8(6,=3$')~+(5C+�� M 0 F 0Ykn= F <>=¥1L04$*0n6,=L$vD3$*<*+ M
�S ^� �  a� �
	 � &  a� � � ^� � a'( � ���  Pu©¢5 64=C+;6�+(5C+�� M 0 F 0'bo+�02$��C+;),+;64$T0h6,13D M kY+(0
��$*)hA
:H8E) - $*D�130 F 53]u6,=3$`D3$*<*+ M  � a �  ^ � a k F 6,=  ^ � � ^� �.	�� a � P R =L$  � a - $'048E5 F 0
�3)4$'D38 -TF 5C+(5i6�� M �3)48£D313<'$*D F 5 � ��
�3)48£D313<I6 F 8E5QbQ+;53D�D3$*<*+ M 0 NiM 64=3$\0h6,)48(53] F 5i6,$'),+(<I6 F 8E5QP
j9$*5L<*$ F 640rD3$'</+ M &E$')264$I�[<'8 F 53< F D3$'09k F 6,=@6,=L$ �3) FG- +() M &E$*)h6,$��|P R =3$ - $/+(0213)4$'D�& F 0 FGN �J$
�3)48���$*)�DL$*</+ M �G$*53];6,=�8(:n6,=3$  � a - $*028E5 F 0_64=3$*)2$':H8E)2$�DL$'6,$') -TF 53$'D N7M 6,=3$pD3$I6,$'<'6,8()
)4$*028��J1%6 F 8(5QP R =3$_k F D%6,= 8;:�6,=3$�D F 0h6,) FGN 1L6 F 8E5�8(:q64=3$ � �y�vs �31 � � b �

�
� � b�] F &E$*0r+ - $/+ A

0413)2$ - $*5i6n8(: 6,=L$K04<*+��J$r:V+;<'6,8()*P R =3$K&;+��G13$9kx+(0gD3$I6,$') -TF 53$'D¡:H8E)Y$I&E$*5i640nk F 6,= �@^� D3$*<*+ M
, ª �



 (cm)σ
0 0.01 0.02 0.03 0.04 0.05

)σ
P

(

0.1

0.2

� F ](13)4$ � P � � R =L$�$'026 FG- + 6,$*DOD F 0264) FJN 1L6 F 8E5p8(: �
�
1353<'$*)h6>+ F 576 F $'0n:H8()Y6,=3$Z0 F ]E5C+��|$'&E$'5i6,0*P

�J$*5L](6,= F 5¡D FG¤ $*)4$'5i6 F 5764$*)h&(+ �J0*P ¦ �G64=38E13](=¡048 - $~D3$���$*5LD3$*53<'$v8(:Q64=3$902</+��G$9:V+(<I6,8E)y8E5 �@^�
D3$*<*+ M �J$*5L](6,=pkx+(0g$I� ��$*<'64$*DQbC64=3$K&;+��J13$'0Y:H8E)x64=3$vD FG¤ $*)2$*5i6 F 5i64$*)2&;+��G0xkX$*)4$v:H8E1L53Dp6,8 N $
<*8E530 F 0h6,$*5i6~k F 64=�$*+(<>=�8(6,=3$')*P R =3$Zkx$ F ]E=i64$*D¥+d&($*)4+(]E$Z8(:.64=3$v&;+��J13$'0YkY+;09<*+��J<'1 � +;64$*D�648
N $ , � , � � . � .� � ���  P R = F 0 - $*+(041L)4$ - $*5i6.+�� �G8dkn0 �X648 N $c}L�%$*D F 5`64= F 0{+(5C+�� M 0 F 0'b;)2$*D31L< F 5L]
6,=3$�5£1 -\N $')98;:q:H)4$'$ �C+;),+ - $'64$*)409+(53D¥=3$*5L<*$�+�� �J8dk F 5L]�]E)4$*+;6,$')90h6>+;6 F 026 F <*+�� �3)4$'< F 0 F 8(5 F 5
6,=3$`}36464$*D@&;+��J1L$�8(: � $6&H�x^� ( Prj~8dkx$I&E$*)'bo+(5�+(DLD F 6 F 8E5C+ � 0 M 0264$ - +;6 F <_1353<'$*)h6>+ F 576 M b kn= F <>=
F 0Y8 N 6>+ F 53$*D NiM &;+() M%F 53] � NiM 64=3$v¨7138(64$*D�1353<*$')26,+ F 5i6 M b - 13026Y64=3$*5 N $Z+(040 F ]E53$'Dp6,8\6,=L$
)4$*021 �G640*P R =3$K}36gkx+(0 ��$*)h:H8E) - $*D N 8(6,=pk F 6,= �K}L�%$*DO6,8 ,EP , � +(53Dpk F 6,= F 6X:H)4$'$K6,8u<>=3$*<+)
:H8E)g<*8E5L0 F 0h6,$'53< M P R =3$Z8d&E$'),+�� � �3)2$*< F 0 F 8E5O8 N 6>+ F 53$'DOk F 6,= �Z}%�L$'D F 0g041 ��$*) F 8E)n+;53DO=3$*53<'$
6,= F 0n+�� �3)28i+(<>=OkY+(0~1302$*D¥648u8 N 6>+ F 5�6,=L$Z}35C+�� )4$'041 �§6/P

� � � �e�*�E�r�q�/� � � �'�	���v�q���'�q�

R =3$K}36Ykx+(0 ��$*)2:H8() - $*Dp130 F 53]_64=3$ " F 5£1 F 6 -TF 5 FJ-TF 0,+ 6 F 8(5 �C+(<+) +(]E$ � � .  bLk F 6,=¡64=3$ -fF 5%A
FJ-TF 0,+ 6 F 8(5 ��$*)2:H8() - $*D NiM "¥©��
� ¦ ��+(53Dp64=3$Z$*)4)28E)40n<*+��J<'1 � +;64$*DO130 F 53]�"¥© � �`#�P �`kY+;0
}L�%$*D 648 ,EP1, � +(0uD3$*02<*) FGN $'D + N 8d&E$;P R + N �J$ � P ª 04=38dkn0u6,=3$p}3626,$*D �C+()4+ - $'6,$')\&;+��J13$'0*P

, ªEª



�{+(),+ - $'64$*) � F 646,$'D��y+��J13$ #76>+;6 F 026 F <*+�� t�)4)28E)
� $��%$ «E« � , � � � 
� � ��� .LP1,83. a3^�� ^����	 ^�� ^
	 �� $'&V� ^� ( ª�� � P . � - a � � � �	 � ��� ^ � -
R + N �G$ � P ª ���~$'041 �§6,0n8(:z6,=3$ � F :H$'6 FJ- $9}36*P

� F ]E1L)4$ � P � 02=38dkn0~64=3$`)4$*021 �G640n8(:.64= F 0g}36*b3kn=3$*)2$ F 6n</+(5 N $Z04$'$*5�6,=C+;69+u)4$*+(048E53+ N �J$v}36
6,8_64=3$rDC+ 6>+ F 0X8 N 6>+ F 53$*DQP R =3$r}36x] F &($*0Y+ � �X&(+ �J13$98(: 2 P 2 . ª :H8E) � D3$*]E)2$*$'0g8(:Q:H)4$'$*D38 - P
R =3$�}3626,$'D@&(+ �J13$Z8(: � � ��� F 0~<*8(530 F 026,$'5i6rk F 64=¥64=C+;6r:H8(1353D F 5 8(64=3$*)9+(5C+ � M 04$'0 � � �! P~©¢5@+
04$��3+(),+;64$Y}36�k F 64= ��*C8E+;6,$'Df+;0c+r:H)4$*$ �3+(),+ - $'64$*)'b F 6,0{&(+ �J13$Y<'8E5i&E$')4]E$'0y648 , � � � � � . �  � « b
kn= F �G$Y6,=3$Y}3626,$'DT&;+��G13$g8(: � $'&V�x^� ( F 0 ª��Eª � . �¥«E« � 2 � - P R =3$g}36yD38£$*0c538(6c$'026 FG- + 6,$ � �L)4$IA
< F 02$ � M bC+(5LDO64= F 0 �J$/+;D30Y6,8u+ - 13<>=��J+()4]E$')Y026,+;6 F 026 F </+ �|1353<'$*)h6>+ F 576 M�F 5 � $6&V� ^� ( Pcj~8dkx$I&E$*)'b
6,=3$v}3626,$*D�&;+��J13$ F 0g<*8E5L0 F 0h6,$'576~k F 64=p6,=3$`$I� ��$*<'64$*D�&(+ �J13$Z8(:�, � , � � . � .�Lb�+(53D�=3$'53<*$ F 6
F 0g)4$*+(048(5C+ N �G$Z648�}L� �`648u64= F 0Y&;+��G13$(P

� � � � �f���.�/�{�q�K� � � �U�@� � �p�

wx=3$*<+)70Okx$')4$ ��$*)2:H8() - $*D 648e$*530213)4$@64=C+;6�64=3$@)4$'041 �§6,0�8;:`64=3$ }3626 F 53] �3)28%<'$*D313)2$[+()4$
)4$ � F + N �J$(P R =3$n}36ckY+;0y}C)2026X<>=3$*<+);$*Dp130 F 53] "¥8(5764$KwY+;)��J8Z0 F ]E5C+ �C$'&E$'5i6,0X64=C+;6 �C+(0204$'Df6,=L$
04$ �G$*<I6 F 8(5f<') F 64$*) F +LP R = F 0y+�� �J8dkn0 F 6�6,8 N $n<>=3$'<+)($'DO64=C+;6c6,=L$~}3626,$'D � F :H$'6 FJ- $ F 0c<*8(530 F 026,$'5i6
k F 6,= 6,=3$f]E$*5L$*),+ 6,$*D � F :H$I6 FG- $�+ : 6,$*)Z6,=L$¡04$ �J$'<'6 F 8E530�+(53D�}L646 F 53] �3)48£<*$'D313)4$f=C+/&E$ N $*$'5
� $')2:H8E) - $'DQP R =3$ � F :H$I6 FG- $q}3626 F 53] �3)28%<'$*D31L)4$xkx+(0�+��G0489<>=3$*<+);$*DT130 F 53]9648 M "¥8E5i64$nwY+()��G83P
R = F 0 F 5i&E8��§&E$*D	��$*)h:H8E) -TF 53]~6,=3$Y}L6c+ � +()2]E$x571 -_N $')q8(:�6 FG- $'0.8E5 F 53D F & F D31C+�� � M ]E$'53$*)4+;6,$'D
�

�
D F 026,) FJN 1%6 F 8(530*b 6,8v<>=3$'<+)\:H8E) N3F +(0 F 5_64=3$Y}3626 F 5L] �3)48£<*$'D313)4$~+(5LDu&($*) F : M 64=3$n+(<'<*13)4+(< M

8(:.64=3$�$'026 FJ- +;6,$'D¥135L<*$*)h6>+ F 5i6 M P ¦ �J048u6,=L$`}36~kx+(0 ��$*)h:H8E) - $*D�8E5¥D FG¤ $*)2$*5i6~041 N 04+ - � �J$'0
8(:{64=3$ZDC+;6,+�648f<>=L$*<+)�6,=L$`0h6>+ NLF � F 6 M 8;:{64=3$Z)4$*021 �G6*P

, ª(«



 (cm)Mλ
0 0.1 0.2 0.3

 y
ie

ld
 (

ev
en

ts
 / 

0.
02

 c
m

)
-

µ + c
Λ

500

1000

 (cm)Mλ
0 0.1 0.2 0.3

 y
ie

ld
 (

ev
en

ts
 / 

0.
02

 c
m

)
-

µ + c
Λ

10

210

310

� F ]E1L)4$ � P � � R =3$ - $/+(0213)4$'D¥�xa� � 	OM£F $ �JD30 F 5p6,=3$ �
�
N3F 530 & � 8 F 5i6,0 ( k F 6,=p64=3$v)4$'041 �§6n8(:

6,=3$ � F :H$'6 FJ- $`}L6�&V048�� F D � F 53$ ( 8d&E$')��J+ F DQb 02=38dkn5 F 5 � F 53$/+()K+(53D �J8E]E+() F 6,= -TF <Z04<*+��J$'0*P R =L$
DC+(04=L$*D�� F 53$r04=38dkn0n6,=3$v}3626,$*D�<*8(5764) FGN 1L6 F 8E5O8(: � $*+") F 53] N +(<+)7]E)28E1353D|P

, ª 2



 (cm)Mλ
0 0.1 0.2 0.3

 y
ie

ld
 (

ev
en

ts
 / 

0.
02

 c
m

)
-

µ + c
Λ

10

210

310

� F ]E1L)4$ � P ,/. � R =3$ - $/+(0213)4$'D � a� �
	 M£F $ �GD30 F 5p64=3$ �
�
N3F 5L0Y:H8E) �, � 2 0 FJ- 1 �J+;6,$'Dp� ^� �

� a� �
	 ��
	 $I&E$*5i640K+(53Dp64=3$Z)4$*021 �G6~8(:z6,=L$�� F :H$I6 FJ- $9}L6g6,8u6,=3$'04$Z$'&($*5i6,0'P

� ��� ��� � � � � � � ��'� � � #%� ���

R =3$ � F :H$'6 FJ- $_}36`kY+;0 ��$*)2:H8() - $*D�1L0 F 5L] �, � 2 0 FJ- 1 �J+;6,$'D[� ^� � � a� ��	 ��
	 $'&($*5i6,0�6,=C+;6
kx$')4$Z<*8E)2)4$'<'6 � M )2$*<'8E530264)413<I6,$'D +(5LDO+(<*<'$��L64$*D N7M 6,=3$v02$ �G$*<'6 F 8E5¡<*) F 6,$') F +%P R =3$v571 -\N $*)20
� � kx$')4$_8 N 6>+ F 53$*D NiM <*8E135i6 F 53]T$'&($*5i6,0 F 5¥$*+(<>= 8;:.6,=L$ �

�
N3F 530*b�+(5LD¥6,=L$`&;+��G13$*0n8(: � �

kx$')4$�$*0h6 FG- +;64$*D@1L0 F 5L] � � � P R =3$ � F :H$'6 FJ- $K}36Kkx+(0K6,=3$'5 � $')2:H8E) - $'D@130 F 53]�64=3$\$ �J+(026 F <
�¥AB:V+(<I6,8E)zD F 0h6,) FJN 1L6 F 8E5|bmk F 6,= � � ���q}L�%$'D\6,8 	 $*)48K+(53D �x)2$ �J$*+(04$'Du+(0q+n:H)4$'$ �C+()4+ - $'6,$')*P{©¢5
"¥8E5i6,$�wY+() �J8\6,=L$v04</+ �J$K:V+(<I6,8E)Y02=38E1 �GD N $K<'8E530 F 0264$*5i6nk F 64=�1L5 F 6 M b30 F 53<*$K64=3$v0 FG- 1 � + 6,$*D
6,),+;<+)£0O+;)4$ �3)28��C+(]E+;6,$'D 6,=3)28E13]E= 64=3$@D3$I6,$'<'6,8()�130 F 53]�64=3$@0,+ - $ - 8£D3$ �9+(0�1302$*D :H8E)
6,=3$u6,)4+(<+)�}3646 F 53]3P R =3$f}L6_<'8E5i&E$*)2]E$*D�648¥] F &E$f+p&(+ �J13$u:H8E)v6,=3$ � F :H$'6 FJ- $\8(: � $6&H� ^� ( �
ª  � � ª � 2 � 2 � - bikn= F <>= F 0X<*8E530 F 0h6,$*5i6Yk F 6,=¡64=3$K]E$'53$*)4+;6,$'D�&;+��J13$~8(: ª  � � - P R =3$r}L646,$'D
&(+ �J13$�8(: � F 0 , � .�, ª�� . � . 2;ª P R =3$\)2$*041 �G6,0v8;:�6,=3$_}L6Z+()4$_04=38dkn5 F 5 � F ]E13)2$ � P ,/.LP R =L$
< �J8(04$n+(]E)2$*$ - $'576 N $'6¢kX$*$'5f64=3$n]E$*53$'),+;64$*DT+(53D�}3626,$'D�� F :H$'6 FJ- $*0z<*8E5%}C) - 0q6,=C+ 6�6,=3$')4$~+()4$
538f0 F ]E5 F }C<*+(5i6 N3F +;04$*0 F 5O64=3$v:H1 � �|04$ �G$*<I6 F 8(5¥+;53D�}L646 F 53] �3)28%<'$*D313)2$(P

, ª 



� ��� ��� � � � � ��'� � � #%� ��� � �
�����

¦ �G64=38E13](=O64=3$v}36n6,8 "¥8E5i6,$_wY+() �J8 �3)28%D31L<*$*D +T)2$*021 �G6n<'8E530 F 0264$*5i69k F 6,=O6,=3$Z]E$'53$*)4+;6,$'D
� F :H$I6 FG- $;b.048 - $ NLF +(0 - + M 0h6 F � � N $ F 5i6,)48£D313<'$*D NiM 64=3$¡}3626 F 5L] �3)48£<*$'D313)4$;P ¦�NLF +(0�8(:
0 FJ-TF �J+()y0 F
	 $v6,8�6,=3$v0h6>+;6 F 0h6 F <*+��|1L53<*$')26>+ F 5i6 M kx8(1 �JDO8E5 � M�N $v8 N 02$*)2&($*D�+ : 6,$*)Y64=3$v$I� ��$*) A
FJ- $*5i6Z=C+(D N $'$*5 )4$�� $*+;6,$'D�+ � +()2]E$�571 -\N $*)Z8(:y6 FG- $'0*P R =3$')4$':H8()4$f+ �J+()4]E$_5£1 -\N $')Z8(:
�304$'13D38;AB$I� � $') FG- $'57640gkx$')4$ ��$*)2:H8() - $*DQb F 5p$/+;<>=�8;:zkn= F <>=�+\D F 0h6,) FJN 1L6 F 8E5f8(: �

�
&;+��G13$*0

kY+(0g]($*53$'),+;64$*D�+(53Dp}3626,$*D|P R =3$vD F 0h6,) FJN 1L6 F 8E5¡8(: 6,=3$K}L6g)4$'041 �§6,0YkX8E1 �JD�64=3$*5O02=38dk +(5 M
N3F +(0 F 5�6,=3$�}3626 F 5L] �3)48£<*$'D313)4$;b.+;53D 64=3$u0��3)2$/+(D 8(:y6,=3$u)2$*041 �G6,0Z<'8E1 �JD N $u<>=3$*<+);$*D�:H8E)
<*8E530 F 0h6,$*5L< M k F 64=�64=3$Z026,+;6 F 026 F </+�� 1353<'$*)26,+ F 5i6 M ] F &E$'5 NiM 64=3$v}36/P

©¢5O$*+(<>= �304$'13D38;AB$I� � $') FG- $'576*b�+\),+(5LD38 - 5£1 -\N $')g]E$*5L$*),+ 6,8E)xkx+(0g1302$*Dp6,8�]($*53$'),+;64$
+ �

�
D F 0h6,) FJN 1L6 F 8E5_<*8E5i6>+ F 5 F 53]K0 F ]E5C+��L$'&E$'5i6,0X+(53D	� $*+") F 53] N +;<+)£]()48E135LDf$I&E$*5i640*PX# F ](5C+��

$'&E$'5i6,0YkX$*)4$v]($*53$'),+;64$*D¡k F 6,=p+
�3)48 N + N3F � F 6 M 8;: .LP �32 bL+;53D¡6,=L$r)4$ - + F 5 F 53]�$I&E$'57640g]E$*5L$*)hA
+;6,$'DO+(0 ��$/+") F 5L] N +(<+)7]E)28E1353DQP �C8E)c6,=3$ � $*+") F 53] N +;<+)£]()48E135LDp$'&E$'5i6,0*b �

�
&;+��J1L$*0xkX$*)2$

]E$*53$'),+;64$*D�),+;53D38 - � M +(<'<*8E)2D F 5L] 6,8@64=3$�D F 026,) FJN 1%6 F 8(5 F 5 � F ]E1L)4$ � P 2 P ��8()�6,=L$�0 F ]E5C+��
$'&E$'5i6,0*b�6,=3$ � F :H$'6 FJ- $9kx+(0~]E$*53$'),+;64$*D�),+(5LD38 - � M :H)28 - +(5�$I� ��8E53$'576 F +�� DL$*</+ M :H135L<'6 F 8E5Qb
k F 6,=�64=3$ - $*+(5 � F :H$'6 FG- $`04$I6v6,8 � $ � ª�� 2 � - P ��8()K$/+(<>= ]E$'53$*)4+;6,$'D�� F :H$'6 FJ- $`&;+��G13$(bQ+
),+(53DL8 - �¥A :V+(<'648E)r&;+��G13$�kx+(0v]E$'53$*)4+;6,$'DQb 130 F 53]�6,=L$\<*8 -_N3F 53$'D � AB:V+(<I6,8E)9D F 0h6,) FGN 1L6 F 8E5
F 5 � F ]E13)2$ � P « bE+(53D_64= F 0zkY+(0 - 1 �G6 F � � F $'D N7M 6,=L$ � F :H$'6 FG- $q648K8 N 6,+ F 5_+ �\&;+��J13$;P�# FG-fF � +() � M
+ � �c�vs�1L53<*$')26>+ F 5i6 M kx+(0�]E$'53$*)4+;6,$'DT1L0 F 5L]K6,=3$ �& � ( D F 0h6,) FJN 1L6 F 8E5 F 5 � F ]E13)2$ � P � P R =L$
D3$'& F + 6 F 8(5 N $I6¢kx$'$*5 �

�
+(53D ��kx+(0g0 FJ- 1 �J+;6,$'D NiM�- 1 �§6 F � � M£F 5L]�6,=L$v]E$*53$'),+;64$*D � &;+��J13$

N7M +T),+(5LD38 - 571 -\N $*)~]E$'53$*)4+;6,$'D 130 F 53]f+f538() - +�� F 04$*D �Z+(13020 F +(5¥D F 0264) FGN 1L6 F 8E5O8(:{135 F 6
k F DL64=QP R =3$_]E$*53$'),+;64$*D �@&;+��J13$`kY+;0r}C5C+�� � M 02= F : 64$*D NiM 6,= F 0rD3$I& F +;6 F 8E5¥648¡8 N 6>+ F 5¥6,=L$
0 FJ- 1 � +;64$*D�&;+��G13$v8(: �

�
P

# F 53<'$Z64=3$Z0,+ - � �G$*0Y<'8E5i6>+ F 5�8(5 � M 0 F ](5C+�� +(5LD ��$/+ ) F 53] N +(<+)7]E)28E1353D�$'&($*5i6,0'b|+�0,+ - A
� �J$p0 F
	 $p8;: « .3.@$'&($*5i6,0T:H8E)\$/+;<>= �302$*13DL8;A¢$�� ��$*) FJ- $*5i6ukY+;0T1L04$*D|b F 5e8E)4D3$')\6,8[8 N 6,+ F 5
:H),+(<I6 F 8(5C+��3$')4)48()40 � � � � � 0 FJ-TF �J+()z648`64=38E02$98 N 6>+ F 53$*D F 5�64=3$9D3+;6>+v0,+ - � �G$(Pq# F 53<'$9028 - $g8(:
6,=3$ �

�
N3F 5L0~64=3$*)2$':H8E)2$�<'8E5i6>+ F 5��J8dk 026>+ 6 F 0h6 F <*0*bC64=3$�1L53<*$')26>+ F 5i6 F $*0*b � � kx$')4$_$'026 FJ- +;6,$'D

, ª �



Constant  7.6± 138.6 

Mean      0.00013± 0.03856 

Sigma     0.000093± 0.002879 

 (cm)
fitted

τc
0.03 0.035 0.04 0.045

sa
m

p
le

s 
/ 0

.0
02

 c
m

50

100

150

Constant  7.6± 138.6 

Mean      0.00013± 0.03856 

Sigma     0.000093± 0.002879 

� F ]E1L)4$ � P1,3,�� R =3$ZD F 0h6,) FJN 1L6 F 8E5f8(:o6,=3$9}36464$*D�� F :H$'6 FG- $'0y:H8()X6,=L$K6,8 M "¥8(5764$`wY+()��G8\0,+ - A
� �J$'0*bQkn= F <>=[kX$*)2$u]E$*53$'),+;64$*D�k F 64= � $ � . � . ª�� 2 < - bQk F 6,=@64=3$�)4$'041 �§6,0v8(:X+ �Z+(13020 F +;5
}36~8m&($*) � + F DQP

N7M ]($*53$'),+;6 F 53]T+u0,+ - � �J$v8;: 2 -fF � � F 8E5 �
�
&;+��J13$'0*b�0�� � F 626 F 53]_6,=L$�04+ - � �J$ F 5i648u64=3$ N3F 530

+(53Dp130 F 53] � � � 648�$*026 FJ- +;6,$~6,=3$r1353<*$')26,+ F 5i6 M P R =3$v)2$*021 �G6 F 53]_&;+��G13$*0Xkx$')4$K6,=L$*5O04<*+��J$'D
6,8u] F &($v6,=3$Z1353<'$*)h6>+ F 576 F $'0n:H8()n+u04+ - � �J$v8(: « .3.�$I&E$*5i640*P

©¢5\648(6>+ � 2 .3. �302$*13D38 A¢$I� ��$*) FJ- $*5i6,0.kX$*)2$ � $')2:H8E) - $'DQP R =3$YD F 026,) FJN 1%6 F 8(5�8(:C64=3$X}L646,$'D
� F :H$I6 FG- $'0 F 0.04=L8mkn5 F 5 � F ]E1L)4$ � P1,3,(P R =3$g<'$*5i6,)4+��L&;+��G13$x8(:�64=3$x}3626,$*D �Z+(13020 F +;5_:H1353<I6 F 8(5
F 0n04$'$*5 648 N $�<'8E530 F 0264$*5i6~k F 6,=�6,=3$Z]E$'53$*)4+;6,$'D � F :H$'6 FJ- $r8(: � $ � ª�� 2 � - b302=38dk F 53]T6,=C+;6
6,=3$')4$ F 0�5L8@026,+;6 F 026 F </+�� NLF +(0 F 5 6,=3$T}36\)2$*041 �G6,0'P � F ]E1L)4$ � P1, � 04=L8mkn0�6,=3$fD F 0h6,) FGN 1L6 F 8E5
8(:{64=3$ �31 � � b & � $�� � 	 	 ��� � � $ ( � � & � $�� � 	 	 ��� ( P R =L$ �Z+(13020 F +(5pD F 0h6,) FJN 1L6 F 8E5¡=C+(0~+_k F DL64=O<*8E5%A
0 F 0h6,$'576rk F 6,=�1L5 F 6 M b F 5LD F <*+;6 F 53]T64=C+;6K64=3$\0h6>+;6 F 026 F <*+��o1353<*$')26,+ F 5i6 F $*0'b � & � $�� � 	 	 ��� ( b - +;64<>=
6,=3$~0��3)2$/+(D¡8(:Q)2$*041 �G6,0X+(53Df=3$*5L<*$v+()2$n<*8E)2)4$*<I6 � M $*026 FJ- +;6,$'D NiM 6,=L$~}36*P R =3$*)2$':H8E)2$964=3$*02$
6,$*0h6,0~=C+/&E$Z&E$') F }3$*DO6,=3$Z)4$ � F + N3F � F 6 M 8(:z6,=L$`)2$*021 �G640~] F &E$'5 NiM 64=3$v}3646 F 53]	�3)28%<'$*D31L)4$(P

, ª��



Constant  8.7± 158.4 

Mean      0.04508± -0.02242 

Sigma     0.032± 1.008 

fittedτc
σ) / τ - cfittedτ(c

-4 -2 0 2 4

sa
m

p
le

s 
/ 0

.8

50

100

150

200
Constant  8.7± 158.4 

Mean      0.04508± -0.02242 

Sigma     0.032± 1.008 

� F ]E1L)4$ � P , � � R =3$_D F 0264) FGN 1L6 F 8E5p8(:{6,=3$
�31 � � b�& � $�� � 	 	 ��� � � $ ( � � & � $�� � 	 	 ��� ( bC:H8E)g6,=3$Z}3640~6486,=3$v6,8 M "�8E5i6,$_wY+()��G8�0,+ - � �J$'0*bLk F 6,=O6,=3$Z)2$*041 �G6,0n8(:.+ �`+;13040 F +(5p}36~8d&E$')�� + F DQP

� ��� � � ��	 ��� � � ##� 	 ����� �
� � �

R 8@<>=L$*<+)�64=3$¡0h6>+ NLF � F 6 M 8(:g64=3$ � F :H$'6 FJ- $ - $*+(041L)4$ - $*5i6*bq048 - $u6,$*0h6,0_k F 6,=�64=3$¡04+ - � �J$
0�� � F 6 F 5i6,8~6¢kx8v)28E13]E= � M $*¨71C+�� �C+()2640{kX$*)2$ � $')2:H8E) - $'DQP{©¢5�8(53$X64$*026.6,=3$Y04+ - � �J$ckY+;0q0�� � F 6
N7M <>=3+()4]E$;b£k F 6,=f8E53$n041 N 0,+ - � �J$~<*8(576,+ F 5 F 53]Z� ^� </+;53D F D3+;6,$'0x+(5LDf6,=L$98(64=3$*)c<'8E5i6>+ F 5 F 53]
�� ^� <*+(53D F DC+;64$*0*P ¦ 538(6,=L$*)¡0 � � F 6ukY+(0 � $')2:H8E) - $'D 130 F 53]�041 N 0,+ - � �J$'0f8;: � 8(0 F 6 F &($ +(5LD
53$*]i+ 6 F &($ - 1L8E5 �302$*13DL8E),+�� F D F 6 M P ¦ �G048f+f<>=3)28E538��G8E] F <*+�� 0�� � F 6nkx+(0K1302$*DQb�k F 64=¥6,=L$_)41L5
5£1 -\N $') , � 3.".3.r$*0h6 FG- +;64$*D\648 N $Y< �J8E02$Y6,8K64=3$ -fF D���8 F 5i6q8;:�64=3$gDC+;6,+K0,+ - � �G$(P � F 5C+�� � M b
+¡0�� � F 69kY+(0 FJ- � �J$ - $'5764$*D N +(04$'D[8E5 6,=L$ - $*+(041L)4$*D�64),+(530h&E$')404$ * F ]E=i6KD F 026,+(53<'$\8(:�6,=L$
� ^� bCkn= F <>= F 0n)4$I:H$*)4)2$*D�6,8�+;0 � $ &4� ^� ( P R = F 0~<>=3$*<+)Okx+(0 ��$*)h:H8E) - $*DO6,8f$*530213)4$`6,=C+ 695L8
N3F +(0 F 0 F 5i64)48£D313<*$'D¥648f6,=L$ - $/+(0213)4$ - $'5i6 NiM 6,=3$ �J8E53] � F :H$'6 FJ- $K8(:q64=3$ � ^� b�kn= F <>= =C+;0
6,8 N $u$I�£64),+���8�� + 6,$*D N +;<+)[+O:H$Ik <*$'5i6 FJ- $'64)4$'0`648O64=3$T� a� D3$*<*+ M &($*)h6,$I� P R =3$f04+ - � �J$
kY+(0~0�� � F 6 F 5i6,8u)48(13]E= � M $*¨71C+ � �C+()2640n130 F 53]T+T0 � � F 6g8E5 � $ & �@^� ( +;6 ª < - P

R =L$ � F :H$'6 FJ- $ - $/+(0213)4$ - $'576~kx+(0r)2$���$/+;64$*D 1L0 F 5L]f$*+(<>= 8(:{6,=3$'04$�041 N 04+ - � �J$'0*bCk F 64=
6,=3$�)4$*021 �G640K+(0~04=L8mkn5 F 5 R + N �G$ � P « P~tc+(<>=@021 N 0,+ - � �G$�] F &E$'0K+T)4$*021 �G6r<*8E5L0 F 0h6,$'5769k F 64=

, ª �



#%1 N 04+ - � �J$ � F 646,$'D � $'&V� ^�)( &4� - (
�~135 � , � ".3.3. « ��� � 2;«
�n135 � , � 3.3.3. ª 3. � 2�� & � ( � . ª��(«�� « � & � ( ��. « . � � 2��

�� ^� ª��Eª � 2 .
� ^� ª�� . � « �

� $ &4� ^� ( � ª < - ª 2 . � « 
� $ &4� ^� ( � ª < - « ,3, � «E«

R + N �J$ � P « �cs F :H$I6 FJ- $r)2$*021 �G640n:H8()Y6,=3$Z0�� � F 6n04+ - � �J$r64$*0h6,0*P

6,=C+;6.8 N 6,+ F 53$'D\130 F 53]K64=3$x:H1 � �£04+ - � �J$;bE=3$*5L<*$Y6,=L$x}3646 F 53] �3)48£<*$'D313)2$ F 0.02$*$'5u648K<*8(57&($*)2]E$
6,8T+T0h6>+ N �J$v)4$'041 �§6/b�+(5LD�5L8 N3F +(0gD313$v648u64=3$ �@^� � F :H$I6 FJ- $ F 0g$'& F D3$*5i6/P

� ��� � ���{�.�v� ���q� � ��� �n�v�q�q�\�*�p�q�*�v�

# M 026,$ - + 6 F <91353<'$*)26,+ F 5i6 F $*0 F 5T6,=3$r}L6Y)4$'041 �§6,0x+()4$ F 5i6,)28%D31L<*$*D N7M 6,=L$K<>=38 F <*$*0X8(: - 8%D3$ �J0
+(53D �C+()4+ - $'6,$')40~6,=C+;6K+()4$�1304$'D�k F 6,= F 5¥64=3$_}3626 F 53] �3)28%<'$*D31L)4$(b � 8(64$*5i6 F +��z<*8E5i6>+ -fF 5C+ A
6 F 8(5�8(: 64=3$n0,+ - � �G$ NiM 8(6,=3$')�D3$*<*+ M 0X+(53DTD3$I6,$*<I6,8E)c$ ¤ $'<'6,0'Pct�026 FG- + 6,$*0�8;:|$*+(<>=f8;: 64=3$*02$
1353<*$')26,+ F 5i6 F $*0�+;53D\6,=3$ F )z6,8(6,+��%$ ¤ $'<'6c8E5�6,=3$Y}C53+��%)2$*021 �G6c+;)4$YD3$'04<') FJN $*D F 5_6,=L$Y:H8�� �G8mk F 53]
04$*<I6 F 8E530*P

� ������� � #%��� � � �������� � � ��!���$

�y+() F +;6 F 8E530 F 5 6,=3$ M£F $ �JD30p8(:�0 F ]E5C+��r</+(53D F DC+;64$*0'b � � � � � b~k F � �r8£<*<*1L) F :�+D F§¤ $')4$'576
:H1353<'6 F 8E5 F 0¡1302$*D 6,8 - 8£D3$ �~6,=3$@02=C+���$�8(:Z6,=3$ N +(<+)7]E)48(1353DQb98E) F :v64=3$ }3626,$'D )4+(53]E$
8E) N3F 5 D3$'}C5 F 6 F 8E530p+;)4$�<>=C+(5L]E$*DQP R =3$*02$ �L)48���$*)h6 F $'0¡kX$*)4$�&;+() F $*D +;53D 6,=3$ � F :H$'6 FJ- $
- $*+(0413)2$ - $*5i6X)4$���$/+ 6,$*Df6,8`$*026 FJ- +;6,$g64=3$~&;+() F +;6 F 8E5�8;:|6,=L$9)2$*041 �G6,0XD313$n6,8Z6,=3$~<>=C+(5L]E$*0'b
kn= F <>= F 0 F 53< �G13D3$*D F 5O64=3$Z0 M 0264$ - +;6 F <Z1353<*$')26,+ F 5i6 F $*0'P

¦ ¨71C+()h6 F < ��8�� M 5L8 -fF +��;:H1L53<'6 F 8E5vkx+(0{1L04$*D�6,8g}36z6,=3$ N +(<+)7]E)28E1353D F 5Z6,=3$c= F 02648E]E),+ - 0
F 5 � F ]E13)2$ � P %b�0 F 53<'$�64= F 09+�� ��$/+()209648¡] F &E$�+f)4$*+(048(5C+ N �G$`}369:H8E)9+�� � 8(:.6,=3$ N3F 530 F 5O6,=L$
- +(020g),+(5L]E$v04=38dkn5QPX�K13$K648\6,=3$Z04=3+�� $Z8(:o64=3$ N +(<+)7]E)48(1353D F 5�6,=L$ N3F 530n+ 6 � +()2]E$*) �

�
b

, « .



+ � 8�� M 538 -TF +��£8(: +;6 �G$/+(0h6q6,= F )4D�8E)2D3$*) F 0q)4$'¨71 F )2$*D�6,8v}36q64=3$g:H1 � �£),+;53]E$g8(: � P ,/.��v$ ����� �2A� � � 2 . �v$ � � � �*P¥j~8dkx$I&E$*)'b F 6`</+(5 N $f04$*$'5�6,=C+ 6�64=3$ N +;<+)£]()48E135LD F 0�+�� �3)28/� FG- + 6,$ � M
� F 5L$/+()Qk F 6,= F 5`64=3$x)4+(53]E$ � P , � �v$ � � � � � � � « . �v$ ����� �/P R =3$*)2$':H8E)2$ F :%64=3$X}36 F 0o)2$*0264) F <'6,$'D
6,8964= F 0z)4$'] F 8(5Qb(+ �J8dkX$*).8()4D3$') ��8�� M 538 -fF +�� - + MZN $y1304$'DQP R =3$ NLF 530okx$')4$X)4$IA }36464$*D\1L0 F 5L]
+ � F 53$/+() N +(<+)7]E)28E1353D\k F 6,= F 5�64= F 0{),+(53]($(bi+(0{04=38dkn5 F 5 � F ](13)4$ � P , ª Pz©B6�</+(5 N $Y02$*$'5\6,=C+;6
)4$/+;048E5C+ N �J$v}36409+;)4$Z8 N 6,+ F 53$'D¥1L0 F 5L]u64= F 0g}3626 F 53]u),+(53]($(P �90 F 53]�6,=L$ M£F $ �JD30g8 N 6>+ F 53$*D F 5
6,=3$ � F :H$I6 FG- $K}36*b 64=3$ - $/+(0213)4$'D � F :H$'6 FJ- $ F 0rDL$*<*)2$/+(02$*D NiM +�� �3)28d� FG- +;64$ � M , � ª � - k F 64=
)4$*0 � $'<'6~6,8�6,=L$`)2$*021 �G6 F 5 R + N �G$ � P ª P

R =L$ M£F $ �JD30q+()4$n+��G048 � F + N �G$y648`<>=3+(53]E$ F :�64=3$n0,+ - $g¨71C+()26 F < ��8�� M 538 -fF +�� F 0q}3626,$*D|b N 1%6
6,=3$`}3646 F 53]T),+(5L]E$ F 0n<>=C+(53]E$'DQP R =3$ - $/+;0413)2$ - $*5i6 �3)28%<'$*D31L)4$�kx+(09)4$���$/+ 6,$*D¥k F 6,=O6,=L$
}C)40h6x+;53DT64=3$ � +(0h6 N3F 5L0y8;: 64=3$ - +(020�= F 0h6,8E]E)4+ - 0�)4$ - 8d&E$'DT:H)28 - 6,=L$n}L646 F 53]Z),+(5L]E$(P R =L$
� F :H$I6 FG- $r}L6r]i+/&($_+T)4$*021 �G6~6,=3+;6nkY+(09D3$*<')4$*+(04$'D N7M +;)48E135LD ,3,8� - k F 64= )4$'0���$*<I6r6,8u6,=L$
¨£1L8(6,$'D )4$'041 �§6/P

�y+;) F + 6 F 8(530 F 5�6,=L$�k F DL64=�8(:g6,=L$ N3F 530�1304$'D F 5�$*+(<>=�8(:n6,=3$�= F 02648E]E)4+ - 0Zk F � �x+ �J048
</+(1302$\&;+() F +;6 F 8E530*b +(0rk F � �z04= F : 6 F 53]f64=3$ N3F 5 <*$*5i64)4$*0'P R =L$�= F 0h6,8E]E)4+ - 09kX$*)4$ �L)48£D313<*$'D
k F 6,= N3F 530c8(:|=3+��G:�6,=3$ F )�8E) F ] F 5C+��£k F DL64=Qb£+(53Df+��J028Zk F 6,= N3F 530c8(:|64=3$n8E) F ] F 5C+ �%k F D%6,=Qb N 1L6
k F 6,=T6,=3$r$*D3]E$'0Y8(: NLF 530X04= F : 6,$*DfD38dkn5ikY+()2D F 5 - +(020 NiM =C+��G:Q8(:Q6,=L$ N3F 5Tk F DL64=QP � F 646 F 53]
130 F 53]�6,=3$_)4$*021 �G6 F 53] M%F $ �GD30K]i+/&E$ � F :H$I6 FJ- $v&;+��J13$'0r6,=3+;6rkX$*)2$ F 53<*)2$/+(02$*D NiM  � � � - +(5LD
� . � - )4$*0 � $'<'6 F &E$ � M P

R =L$O64$*0h6,0�D3$'04<*) FJN $*D+ N 8d&E$p=C+/&E$p&;+() F $*D�64=3$ - +(040_}L646 F 53] �3)28%<'$*D31L)4$ F 5�02$'&($*),+ �
kY+ M 0*bqkn= F �J$u)4$I6>+ F 5 F 5L]¥)2$/+(028E5C+ N �G$T}L6,0�648¥64=3$¡DC+ 6>+LP R =3$'04$�<>=C+;53]E$*0_=C+/&E$ N $*$'5�8 N A
04$*)h&E$'DO648_<*+(1304$9&(+;) F + 6 F 8(530 F 5T6,=3$~}36464$*D�� F :H$'6 FJ- $g8(: 1 �f6,8 � . � - P R = F 0X&;+��J1L$ F 0X] F &E$'5
+(0g6,=3$Z0 M 0h6,$ - +;6 F <Z1353<'$*)26,+ F 5i6 M DL13$v6,8u6,=3$ - +(040Y}3626 F 53]	�3)48£<*$'D313)4$;P

� ������� � �
# � ������ #%	�� �������&�$

R =3$�� F :H$'6 FG- $g)2$*021 �G6Yk F � �C&;+() M k F 64=O+(5 M <>=3+(53]E$ F 5 �C+()4+ - $I6,) F 0,+ 6 F 8(5f8(: 64=3$ �
�
D F 0h6,) F A

N 1L6 F 8E5 8;:�6,=3$ � $*+") F 53] N +(<+)7]E)48E1L53D�<*8 - ��8E53$*5i6*P R =3$_k F DL6,=L0r8(:�64=3$�6¢kX8 �`+;13040 F +(530

, « ,



)2 p) (GeV/c0

S
M(K

2.1 2.2 2.3 2.4 2.5

)
2

E
ve

n
ts

 / 
(1

6.
67

  M
eV

/c

100

200

300

400
 < -0.04cmMλ ≤-0.06cm 

)2 p) (GeV/c0

S
M(K

2.1 2.2 2.3 2.4 2.5

)
2

E
ve

n
ts

 / 
(1

6.
67

  M
eV

/c

500

1000  < -0.02cmMλ ≤-0.04cm 

)2 p) (GeV/c0

S
M(K

2.1 2.2 2.3 2.4 2.5

)
2

E
ve

n
ts

 / 
(1

6.
67

  M
eV

/c

2000

4000

 < 0.00cmMλ ≤-0.02cm 

)2 p) (GeV/c0

S
M(K

2.1 2.2 2.3 2.4 2.5
)

2
E

ve
n

ts
 / 

(1
6.

67
  M

eV
/c

2000

4000

6000  < 0.02cmMλ ≤0.00cm 

)2 p) (GeV/c0

S
M(K

2.1 2.2 2.3 2.4 2.5

)
2

E
ve

n
ts

 / 
(1

6.
67

  M
eV

/c

500

1000

1500

2000  < 0.04cmMλ ≤0.02cm 

)2 p) (GeV/c0

S
M(K

2.1 2.2 2.3 2.4 2.5

)
2

E
ve

n
ts

 / 
(1

6.
67

  M
eV

/c

500

1000  < 0.06cmMλ ≤0.04cm 

)2 p) (GeV/c0

S
M(K

2.1 2.2 2.3 2.4 2.5

)
2

E
ve

n
ts

 / 
(1

6.
67

  M
eV

/c

200

400

600  < 0.08cmMλ ≤0.06cm 

)2 p) (GeV/c0

S
M(K

2.1 2.2 2.3 2.4 2.5

)
2

E
ve

n
ts

 / 
(1

6.
67

  M
eV

/c

100

200

300

400
 < 0.10cmMλ ≤0.08cm 

)2 p) (GeV/c0

S
M(K

2.1 2.2 2.3 2.4 2.5

)
2

E
ve

n
ts

 / 
(1

6.
67

  M
eV

/c

200

400

600

800
 < 0.20cmMλ ≤0.10cm 

)2 p) (GeV/c0

S
M(K

2.1 2.2 2.3 2.4 2.5

)
2

E
ve

n
ts

 / 
(1

6.
67

  M
eV

/c

50

100

150

200  < 0.30cmMλ ≤0.20cm 

� F ]E1L)4$ � P1, ª � R =3$%� ^��� F 5i&(+;) F +;576 - +;040YD F 0264) FJN 1L6 F 8E530c:H8E)x6,=L$ �
�
NLF 530'b%}3626,$*DO130 F 53]\+

� F 5L$/+() N +(<+)7]E)48E1L53D¥:H135L<'6 F 8E5pk F 64= F 5�64=3$Z),+(53]($ � P1, � �v$ � � � � � � P « . �v$ � � � �/P
, « �



+(53Df64=3$~<*8E5i6,) FJN 1%6 F 8(5T8;:|6,=L$9k F DL$ �Z+(13020 F +(5TkX$*)2$9&;+() F $*D NiM 6,=3$ F )c1353<'$*)26,+ F 5i6 F $*0'b704$��£A
+(),+;64$ � M +(53D_648E]E$'64=3$*) F 5_+�� � ��8E040 FJN �G$X<'8 -\N3F 5C+;6 F 8E530'P R =3$ � F :H$'6 FG- $�)2$*021 �G6{kY+(0.8 N 04$')2&($*D
6,8�&;+() MpNiM 1 �p648 ª � 3. � - P

¦ 538(64=3$*)Z$ ¤ $*<I6Z6,=C+;6 F 0v<*8E5L0 F DL$*)4$'D F 0KD313$�648O64=3$ �
�
)2$*048��J1L6 F 8E5QP ¦ 0 - $*5i6 F 8E53$'D

�3)4$I& F 8E130 � M bi64=3$9)2$*028��J1L6 F 8E5 F 0���8%8()4$*) F 5fD3+;6>+v6,=C+;5 "¥8E5i64$KwY+() �J83b7+;53D¡=3$'53<*$~6,=3$~04<*+��J$
:V+(<'648E) F 0 F 5L< �J1LD3$*D F 5p64=3$`}L646 F 53]	�3)48£<*$'D313)2$(P R =3$`k F DL6,=�8(:z6,=3$ ��$/+") F 53] N +(<+)7]E)48E1L53D
D F 0h6,) FGN 1L6 F 8E5 F 0pD3$'64$*) -TF 5L$*D N7M 64=3$[D F 0h6,) FJN 1L6 F 8E5 8;:�:V+");$�&E$*)h6 F <*$*0'b � �J1L0�)2$*028��J1L6 F 8E5
$ ¤ $*<'640*P ©B6 F 0T5L8(6 )£5L8mkn5kn= F <>= �3)48�� 8E)h6 F 8E5�8(:964=3$ - $*+(0413)2$*Dk F DL64= F 0�</+(1302$*D NiM
)4$*028��J1%6 F 8(5�$ ¤ $*<'640*Py# F 53<*$Y64=3$g)4$'048��G1L6 F 8E5 F 0�1353D3$')4$*0h6 FG- +;64$*DQbE64=3$ ��$/+") F 5L] N +(<+)7]E)48E1L53D
k F DL64= - + M¥N $�135LD3$*)2$*026 FJ- +;6,$'D N7M +¡:V+(<'648E)v+(0 � +()2]E$�+(0r64=3$�D F§¤ $')4$*5L<*$ N $'6¢kX$*$*5[6,=L$
04</+ �J$K:V+(<I6,8E)g+;53Dp135 F 6 M Pyj9$'53<*$`+_}36gkx+(0 ��$*)2:H8() - $*D F 5�kn= F <>= N 8;6,= �Z+(13040 F +(5pk F DL6,=30
kx$')4$ F 53<*)2$/+(02$*D NiM � . � 648 8 N 6,+ F 5[6,=L$ - + � FJ- 1 - � 8E020 FGN �J$u&;+() F +;6 F 8E5 +(53D F 6,0`$ ¤ $*<I6
8E5 6,=L$_}36464$*D � F :H$'6 FJ- $(P ¦ 5 F 53<*)2$/+(02$ F 5 � $'&V� ^� ( 8(:�. � � � � - kY+(0v8 N 04$')2&E$'DQP�# F 5L<*$�64= F 0
F 0f:H)28 - +�D F§¤ $')4$*5i6¡048E13)2<*$ F 6 F 0�+(D3DL$*D F 5 ¨71C+(D3)4+;6,13)2$ k F 64= 6,=L$ $*)2)48E)¡D313$ 648�6,=L$
�C+(),+ - $I6,) F 	 +;6 F 8E5�] F &($*5+ N 8m&($(by6,8[] F &($O+@6,8(6,+��Y0 M 0h6,$ - +;6 F <p1353<'$*)h6>+ F 576 M D313$p6,8�6,=L$
� $*+") F 53] N +(<+)7]E)28E1353D¥8(: ª � � � - P

� ����� � � 	�#���� ��#%	������

# F 53<'$�64=3$_02</+��G$�:V+(<I6,8E) F 0n}L�%$*D@648¡8 N 6,+ F 5�6,=3$`}C5C+��z)4$'041 �§6,0'b F 6 - 1L026 N $�&;+() F $'D NiM�F 6,0
1353<*$')26,+ F 5i6 M 6,8T$*0h6 FG- +;64$K6,=3$Z$ ¤ $'<'698(:{64= F 0n<>=38 F <*$Z8E5O6,=L$�� F :H$I6 FJ- $r)2$*021 �G6*P R =3$`026413D M
1304$'D 6,8 $*0h6 FJ- +;64$O64=3$�04</+ �J$p:V+(<'648E)u]i+/&E$ +[&;+��G13$O8(: , � , � � . � .�Lbykn= F �G$�kn=3$*5 F 6 F 0
)4$ �G$/+(02$*D¡+(0y+v:H)2$*$ �C+()4+ - $I6,$')c+Z&;+��G13$g8(: , � � � � � . �  � « F 0�8 N 02$*)2&($*DQP ¦ � +;)4]E$Y&;+() F +;6 F 8E5
kY+(0`1302$*DQbz6,8O$*53<'8 - �C+(040Z6,=L$f135L<*$*)h6>+ F 5i6 M[F 5�6,=3$ - $/+(0213)4$'D�&;+��G13$u+(53D�+��J028 F 53< �J13D3$
6,=3$¡}L646,$'D�&;+��J13$Tk F 64= F 5 6,=3$�)4+(53]E$¡8(:g&;+() F +;6 F 8E530*P wx=C+(5L]E$*0\8;: � � . � kX$*)2$O+�� � � F $*D
6,8 64=3$f}L�%$'D�&(+ �J13$T8(: �Ebq+(5LD�<*8E)2)4$'0���8E53D F 53]@04= F : 6,0�8(:n+�� �3)48/� FJ- +;6,$ � M�� ,3,8� - kX$*)2$
8 N 04$')2&($*D F 5 64=3$�}36464$*D � F :H$I6 FJ- $(P R =3$*)2$':H8E)2$¡+O0 M 0264$ - +;6 F <u1353<*$')26,+ F 5i6 M 8(: � ,3,0� - F 0
F 53< �J13D3$'Dp:H8E)Y6,= F 0n048E13)2<*$;P

, «iª



� ����� � 
 � ��#%	�� ��� � �����
��� ���# � ����

R 8�$'026 FG- + 6,$¡64=3$p1353<'$*)26,+ F 5i6 M�F 5�6,=L$p)4$*021 �G6\D313$�6,8@64=3$p1353<'$*)h6>+ F 576 M 8(:n6,=3$p04+ - � �J$
<*8 - � 8(0 F 6 F 8E5|bQ6,=3$�:H),+;<'6 F 8E5[8(: F 53$ �J+(026 F <�D3$'</+ M 0�kx+(0Z&(+;) F $'D�8d&($*)�+Ok F D3$u),+(53]($(P R =L$
- $*+(0413)2$ - $*5i6X04=38dkn5 F 5 & � P� ( ] F &($*0c6,=3$~)4$'041 �§6'. � « � a3^�� � �	 ^�� � ^ :H8E)�64=3$9$ � +(0h6 F <Y:H),+(<I6 F 8(5QbEk F 64=
026>+ 6 F 0h6 F </+��9+(53D 0 M 0h6,$ - +;6 F <�$*)2)48E)20p<*8 -_N3F 53$'DQP R 8e$'026 FG- + 6,$ 64=3$ � 8;6,$*5i6 F +��91 �ikY+()2D
&(+;) F + 6 F 8(5K8(:76,=3$ � F :H$'6 FJ- ${)2$*021 �G6*bm64= F 0Q:H)4+(<'6 F 8E5Kkx+(0z+(02041 - $*DZ6,8 N $ .LP ".Lb +(53D`+ �¥AB:V+(<I6,8E)
D F 0h6,) FGN 1L6 F 8E5@kx+(0`<*8E530h6,)213<'64$*DQP �~0 F 53]�64= F 0vD F 0264) FGN 1L6 F 8E5 F 5[6,=L$u}L6�]E+d&($¡+;5 F 53<*)2$/+(02$
8(:~+�� �3)28/� FG- + 6,$ � M « � � � - F 5 � $'&V� ^�)( P ¦ k F D3$')_&;+() F +;6 F 8E5 kx+(0\1L04$*D F 5�6,=L$¡8�� ��8E0 F 6,$
D F )2$*<'6 F 8E5p648�+�� �J8dk :H8()n64=3$ � 8(040 FGN3F � F 6 M 8(:q8(64=3$*) F 5L$ � +;026 F <KD3$'</+ M 0 F 5p6,=L$�04+ - � �J$(bC0213<>=
+(0\� ^� � � a� $I	 ��� P R =L$�:H),+(<I6 F 8(5 F 5 & � P� ( kx+(0�+;04041 - $'D�6,8 N $ .LP ª .Lb.kn= F <>=e]i+/&E$�+
D3$*<')4$/+;04$ F 5 � $'&V� ^�)( 8(:q+ � �3)48/� FJ- +;64$ � M � � « � - P

�y+;) F + 6 F 8(530 F 5�6,=3$ �¥AB:V+(<I6,8E)uD F 026,) FJN 1%6 F 8(530�:H8E)f$*+(<>= 8(:r6,=3$�D3$*<*+ M 0�+()4$ � 8E020 FGN �J$
6,=3)28E13]E=p<>=C+;53]E$*0 F 5¡6,=L$ - 8£D3$ � � F 53]Z8(: 6,=3$ �L)48£D313<'6 F 8E5�+(53DpD3$'</+ M 8(: 64=3$v� ^� N +() M 8E530*P
R =3$ - 8 - $*5i641 - 8;:X64=3$u?�¨71C+() )70 - + M@N $\&;+() F $*DQb +;53D�6,=3$ - 8%DL$ � � F 53]T8(:y6,=3$ F )r:H)4+(];A
- $'576,+;6 F 8E5p+(5LDpD3$*<*+ M ) F 53$ - +;6 F <*0 - + MfN $r<>=C+(53]E$'DQP ¦ 0 FG- � �J$ �L=C+(04$v0 �C+(<'$ - 8£D3$ � F 0
1304$'D[648 - 8%D3$ �z64=3$\� ^� D3$*<*+ M F 5 64=3$\04+ - � �J$*0 �3)48£D313<'$*D�:H8E)~6,= F 0K+(5C+ � M 0 F 0*b N 1L6 - 8E)4$
048��3= F 026 F <*+;6,$'D - 8£D3$ �G0�+()4$n+ �J048Z+/&;+ F � + N �G$(P R =3$g&;+() F +;6 F 8E5 F 5�6,=3$ - $/+(5u8(:�64=3$ �¥AB:V+(<I6,8E)
D F 0h6,) FGN 1L6 F 8E5�D31L$T648�1L0 F 5L]¥D F§¤ $')4$'576`D3$'</+ M - 8£D3$ �J0v+(5LD�D F§¤ $')4$'576_?4A¢=C+;D3)48E5 - 8 - $*5%A
6,1 - =C+(0 N $'$*5@$'026 FJ- +;6,$'D F 5¥8(6,=L$*)K+;5C+�� M 02$*09648 N $ �G$*040n6,=3+(5 � � � � ª b � ,  P R =3$*)2$':H8E)2$
6,=3$'04$Z$ ¤ $*<I6,0n+()2$v$*026 FJ- +;6,$'D NiM 04= F : 6 F 53]�+�� � �¥A :V+(<'648E)X&;+��G13$*0 NiM � � � bC+;53DO8 N 04$')2& F 5L]
6,=3$�02= F : 6 F 5�64=3$¡}3626,$*D � F :H$'6 FJ- $(P #%= F : 6,0\8(:~+ � �3)48/� FJ- +;64$ � M ��� � � � - kx$')4$p8 N 02$*)h&E$*D|b
+(53DO6,=3$'04$�+()4$ F 53< �G13D3$*Dpk F 6,=O6,=3$Z1353<'$*)h6>+ F 576 F $'0n+ N 8d&($(P
�~53<*$')26,+ F 5i6 F $*0 - + M + �J048\+() F 04$KD31L$K6,8�+\D3$�� $'53D3$'53<*$`8(: 6,=L$%�¥AB:V+(<I6,8E)XD F 0h6,) FGN 1L6 F 8E5

8E5 � $ P �90 F 53] +�0 F 5L]��J$ �¥A :V+(<'648E)OD F 0h6,) FGN 1L6 F 8E5 :H8E)�+�� �K$'&($*5i6,0 - + M - $/+(5 6,=L$ �¥A
:V+(<'648E) �3)28 N + N3F � F 6 F $'0r+;)4$ F 53+(<*<'13),+;64$ � M - 8%DL$ � �G$*D F 5�048 - $ �%$ )4$'] F 8(530*P R =3$ �¥AB:V+(<I6,8E)
D F 0h6,) FGN 1L6 F 8E5 F 0 � �G8(6464$*D@:H8E)9048 - $�D FG¤ $*)2$*5i6v)4+(53]E$'0v8(: �%$ &4� ( :H8E)r6,=L$�$ � +;026 F <\D3$'</+ M�F 5
� F ]E1L)4$ � P1, « b�kn=L$*)4$�D FG¤ $*)4$'53<*$'0 F 5¥6,=3$�D F 0h6,) FGN 1L6 F 8E5309+()2$_04$'$*5QP R =L$ - $*+(5 8;:�6,=3$ � A

, «E«



:V+(<'648E)�D F 0264) FGN 1L6 F 8E5 D38%$'0_538;6\<>=C+(5L]E$�0 F ]E5 F }C</+(5i6�� M k F 6,= �%$ &4� ( bq=38dkx$I&E$')*by+(0_02=38dkn5
F 5�� F ]E13)4$ � P , 2 P R 8�$*026 FJ- +;6,$96,=3$v$ ¤ $'<'6n8(:z6,=3$'04$v<>=C+;53]E$*0g64=3$vD F 0h6,) FJN 1L6 F 8E5f:H8E)Y$ �J+(026 F <
D3$*<*+ M 0vkx+(0`+��J028�]E$*5L$*),+ 6,$*D�k F 6,=[+�<*1%6Z8(: �%$ &4� ( �  �v$ � � �_+�� � � F $*DQP R =3$ � F :H$'6 FJ- $
}36_kx+(0�64=3$*5�� $')2:H8E) - $'D�130 F 53] 64=3$¡8() F ] F 5C+��.$ � +;026 F <fD F 0264) FGN 1L6 F 8E5[8E5 � M 6,8 - 8£D3$ ��6,=L$
�¥AB:V+(<I6,8E)'b N $':H8()4$u)4$�� $*+;6 F 53] F 6Z130 F 53]O6,=3$T53$Ik D F 0h6,) FJN 1L6 F 8E5|P ¦ 02= F : 6`8(: ,EP�B� - kY+;0
8 N 04$')2&($*DQbg=3$'53<*$O6,= F 0uD3$���$*5LD3$*53<'$ =C+;0f+[)4$ � +;6 F &($ � M�-fF 538E)\$ ¤ $'<'6f<*8 - �C+()2$*D�6,8�6,=L$
1353<*$')26,+ F 5i6 F $*0~+ N 8d&E$(P

¦ � �{8(:c6,=3$�02= F : 640 F 5@6,=L$\}36464$*D � F :H$'6 FG- $ZD3$'04<') FJN $*D�+ N 8d&E$\kX$*)4$T+(DLD3$*D F 5�¨71C+;D3),+ A
6,13)2$¡6,8�8 N 6>+ F 5e+(5e$*0h6 FG- +;64$¡8(: a���� �	�� ^�� � � - :H8E)_64=3$�135L<*$*)h6>+ F 5i6 M D313$�648 6,=L$ �¥AB:V+(<I6,8E)
- 8£D3$ � � F 53]3P

� ������� � � ���������� � #%	�� �������&�$

¦ 0q02=38dkn5 F 5_02$*<I6 F 8(5 � P « P � bi+90 - +�� �7<*8E5i6>+ -fF 5C+;6 F 8E5`8(:36,=L$Y0 F ]E5C+��7D313$X6,8vS � � a� �
	 �
D3$*<*+ M 0 F 0 � 8E020 FGN �J$;P R =3$'04$\$I&E$*5i640rk F � �Q=C+/&E$_+ �G8E53]E$') � F :H$I6 FJ- $(b �J$*+(D F 5L]u648�+(5�8d&E$')4$*0 A
6 FJ- +;64$~8;:Q6,=3$9� ^� � F :H$I6 FG- $;P R 8 F 53< �G13D3$9+`:H),+;<'6 F 8E5T8(:oS�D3$'</+ M 0*bC+;5¡$I�£64),+�64$*) - 02=38E1 �GD
N $ +(D3D3$'D 6,8�$'¨71C+;6 F 8E5C& � P , � ( bx048�64=3$�� F :H$'6 FJ- $pD F 0h6,) FJN 1L6 F 8E5�:H8E)u6,=3$¥0 F ]E5C+��n$'&($*5i6,0'b
� � � ��& � �

( b F 0g)4$�� � +(<'$*D NiM

� � � ��& � �
( � ��� & � �

( � �
�G��� & � (�� � & � ( �

� $'&V� ^� ( � 	
���
	 � � � � �� ��� � & �

�
� � " � (�

� �
�G� � ��& � � ( � � & � ( �

�
�
� �� ��
�
�
�
� $6& S ( � 	

�

�
�
	
� �
�
�
� �� � 	 � � � � � � � � � � �
� � & �

�
� � " � (  � & � P ����(

��8()~64=3$_S�D3$*<*+ M 0r64=3$�&;+��G13$`8(: �
�
F 0~538(69<*8()4)4$'<'6r0 F 5L<*$�64=3$_� ^� - +(040 F 0~1302$*D F 5O6,=L$

</+��G<*1 �J+;6 F 8E5 F 5L026,$*+(DZ8(:£6,=3$yS - +;040*P{j9$'53<*$c6,=L$ �
�
&;+��J13$'0o+()4$c8d&E$')4$'026 FG- + 6,$*D|b(+(5LDZ64= F 0

F 0v<*8()4)4$'<'64$*D NiM[- 1 �G6 F � � M£F 53]f64=3$TS � F :H$'6 FJ- $ NiM 64=3$u),+;6 F 8p8(: - +(0204$'0*b � &V� ^�)( � � &VS ( P
¦ �G64=38E13](=64=3$�� F :H$'6 FJ- $*0\8;:ZS a +;53D S ^ D FG¤ $*) NiM +()48E1L53D � � bn+[0 F 53]��J$�� F :H$'6 FJ- $ F 0
+(04021 - $'DQbC0 F 53<*$v64=3$Z<*8E5i6,) FJN 1%6 F 8(5�8;:.$*+(<>= 0 � $'< F $'0 F 0g135 )7538dkn5QP

, « 2



K
0.4 0.6 0.8 1 1.2

H
(K

)

0

10

20

30

40 ) < 3 GeV/cµ(T p≤2 GeV/c 

K
0.4 0.6 0.8 1 1.2

H
(K

)

0

20

40

60

80
) < 4 GeV/cµ(T p≤3 GeV/c 

K
0.4 0.6 0.8 1 1.2

H
(K

)

0

20

40

60 ) < 5 GeV/cµ(T p≤4 GeV/c 

K
0.4 0.6 0.8 1 1.2

H
(K

)

0

10

20

30

40

50
) < 6 GeV/cµ(T p≤5 GeV/c 

K
0.4 0.6 0.8 1 1.2

H
(K

)

0

20

40

) < 9 GeV/cµ(T p≤6 GeV/c 

K
0.4 0.6 0.8 1 1.2

H
(K

)

0

5

10

15

20
) < 15 GeV/cµ(T p≤9 GeV/c 

� F ]E1L)4$ � P , « ���¥AB:V+(<I6,8E)oD F 0264) FJN 1L6 F 8E530Q:H8E)zD FG¤ $*)2$*5i6 �%$ &4� 	 ( F 5i6,$*)h&;+��J0'b F 5_�x^� � �Ya� � 	 ��
	$'&E$'5i6,0*P

, « 



) (GeV/c)µ(Tp
5 10 15

<K
>

0

0.5

1

� F ]E1L)4$ � P1, 2 � R =3$ - $*+(5 &;+��G13$¥8;:K6,=3$ �¥AB:V+(<I6,8E)u:H8E)T$/+(<>= 8(:v6,=3$ �%$ &4��	 ( F 5i6,$*)h&;+��J004=38dkn5 F 5 � F ]E1L)4$ � P , « P

R =L$v0 M 0264$ - +;6 F <r1353<'$*)h6>+ F 576 M D313$96,8_64=3$*02$KD3$*<*+ M 0Ykx+(0Y$'026 FJ- +;6,$'Dp+(04021 -TF 53]_+ 2 �

<*8E5i6>+ -fF 5C+;6 F 8E5QP R =3$B�¥AB:V+;<'6,8()\D F 0h6,) FJN 1L6 F 8E5�:H8E)_6,=L$*04$OD3$'</+ M 0Tkx+(0 - 8%DL$ � �G$*D�1L0 F 5L]
6,=3$p0 - +�� �x0 FJ- 1 �J+;6,$'D�0,+ - � �G$�8(:n6,=L$�DL$*</+ M � ^� � � a�  � ��� 	� b�kn=3$*)2$O64=3$  	� - $*048(5
D3$*<*+ M 0Z04$ -fF �J$��L6,8E5 F </+ � � M P ¦ 0vD F 04<'130402$*D F 5@02$*<I6 F 8(5 � P ª P ,Eb|64= F 0rD3$*<*+ M kY+(0v0h6,13D F $*D +(0
+ � 8E020 FGN �J$�<*8E5i6,) FJN 1%6 F 8(5 6,8�64=3$�0 F ]E5C+�� b|+��§6,=38(13]E= F 6rkx+(0K:H8E1353D@648 N $_53$*]�� F ] FGN �J$;Pr©B640
�¥AB:V+(<I6,8E)TD F 0h6,) FJN 1L6 F 8E5|bx04=L8mkn5 F 5 � F ]E13)2$ � P ,JLbx=C+(0p+ �J8dkx$') - $/+(5&;+��J13$�6,=C+;5 6,=L$
F 53$ � +(0h6 F <v� ^� � � � �'�
	 ��
	 D3$'</+ M 0*P �90 F 53]u6,=3$�S ^ � F :H$I6 FG- $r&;+��G13$v:H8E)n:H8E) $6& S ( b�]i+/&E$_+
D3$*<')4$/+;04$v8(: 2 � � � - F 5¡6,=3$9}36464$*D�&;+��J1L$98(:
� $6&H�x^� ( b%kn= F �J$~130 F 53]_6,=L$ � +()2]E$*)XS\a � F :H$'6 FJ- $
]i+/&E$�+@D38dkn5ikY+()2D 02= F : 6�8;: � � ,8� - P �90 F 53]@6,=L$ � +()2]E$*)_&;+() F +;6 F 8E5|b�+(5�1353<'$*)26,+ F 5i6 M 8(:
a3^�� ^	 ��� � � -�F 0n+(040 F ]E53$'D�648�6,=3$Z)4$'041 �§6/P

� ������� � � � �
	������ � � � �' � � '�

¦ 5f+(D3D F 6 F 8(5C+��L1L53<*$')26>+ F 5i6 M +() F 04$'0yDL13$g6,8Z1353<'$*)26,+ F 5i6 F $*0 F 5u64=3$ � 8E0 F 6 F 8E530.8(: 64=3$n6,),+;<+)iA
F 53]�D3$'64$*<'648E)Y$ �J$ - $*5i640*b �3+()26 F <*1 � +() � M 64=38E04$ F 5f64=3$v# " R PL©B: 64=3$K),+;D FJF 8(: 64=3$ �J+ M $*)20g+()4$
D FG¤ $*)2$*5i6Z:H)48 - 6,=3$u$I� ��$*<I6,$*D�&(+ �J13$'0*b 6,=3$'5 64=3$�&;+��J13$'0Z8(: �

�
k F � � N $T0 M 026,$ - + 6 F <*+�� � M

, « �



K
0.4 0.6 0.8 1 1.2

H
(K

)

0.05

0.1

0.15

� F ]E13)4$ � P1,J � R =3$ �¥AB:V+(<I6,8E)gD F 0264) FJN 1L6 F 8E5¡:H8E)n� ^� � � a�  � ��� 	� D3$'</+ M 0*P

+ ¤ $'<'64$*DQP R = F 0 - + M¥N $\+;<*<*8(135i6,$*D�:H8E) NiM )2$���$/+;6 F 53]¡+(5�+(5C+ � M 0 F 0K+(02041 -TF 53]T6,=C+ 6r6,=L$
# " R =C+;0f+�D F§¤ $')4$'576T]E$'8 - $'6,) M bX+(53D0413<>= 026413D F $'0f=3+d&($ N $*$'5 ��$*)h:H8E) - $*D F 5�8(64=3$*)
+(5C+�� M 02$*0'PX©¢5O6,=3$ � F :H$'6 FJ- $ - $/+(0213)4$ - $'5i691L0 F 5L]u64=3$ZD3$*<*+ M � ^� � ���!�X� ��� ,  bC02= F : 6 F 53]
6,=3$~# " R 04$'53048()40c),+(D F +�� � M`NiM 6,=L$ F )q+�� F ]E5 - $*5i6q135L<*$*)h6>+ F 5i6 F $'0�)4$'041 �§6,$*D F 5u+Z0 M 026,$ - + 6 F <
1353<*$')26,+ F 5i6 M 8(: � 2 � « � - P R =L$x<*8()4)4$'0���8E53D F 53]r1L53<*$')26>+ F 5i6 M`F 5Z6,= F 0.+(53+�� M 0 F 0 F 0z$I� � $'<'64$*D
6,8 N $Z0 FJ-TF � +;)*b7=3$*5L<*$Z6,=3$Z0,+ - $v&;+��J1L$ F 0g¨7138(64$*D�=3$*)2$(P

� ������� � � � � #%� � ��� ��� �����
� # � ��	�� �	��
����# � '� ���
�

R =3$\0 M 0h6,$ - +;6 F <_1L53<*$')26>+ F 5i6 F $*0v+()2$_021 -f- +() F 04$'D F 5 R + N �J$ � P 2 P R =3$�6,8(6,+��{0 M 026,$ - + 6 F <
1353<*$')26,+ F 5i6 M�F 5_64=3$X&;+��G13$x8(: � $6&H� ^� ( bE8 N 6,+ F 5L$*D NiM +(D3D F 53]964=3$ F 5LD F & F DL1C+��71353<'$*)26,+ F 5i6 F $*0
F 5O¨71C+(D3)4+;6,13)2$(b F 0n+��J028T02=38dkn5QP

, « �



#%8E13)2<*$ �95L<*$*)h6>+ F 5i6 MpF 5 � $6&V� ^� ( & � - (
" +(020~}3626 F 53] - $I6,=38£D � � .
�{$*+") F 53] N +(<+)7]E)28E1353D �`ª � �

#%<*+��J$K:V+(<I6,8E) � ,3,
�¥A :V+(<'648E)gD3$'64$*) -fF 5C+;6 F 8E5 a���� �	�� ^�� �S � � a� �
	 � a3^�� ^	 ��� ��K$I6,$'<'6,8()9+ � F ](5 - $'5i6 � 2�� «

R 8(6>+�� a � � � �	�� 	 � �

R + N �G$ � P 2 �y#£1 -f- +() M +(5LD¥<'8 -\N3F 5C+;6 F 8E5p8(:{0 M 0264$ - +;6 F <v1353<'$*)26,+ F 5i6 F $*0'P

, « �



� � ��� ����� �

� ��� ����� �
	���� �

��������������������������! #"�����%$'&(*),+-".�/��+,���01�#�*23+-43�/�5����6". 3),)7 98*+7��2:��������)7��;

<>=@? $ &(BA �DC3E�FHGJI3K � � � �L � ��� & ? ���M��� A K�N � � �L N 	 � � ? ��OP�Q� A�R � " ? EHS7T A
=U? $ &(VA �WT3GYX#Z3I3K & �\[][_^L & �\[][ & ? ���M��� A K & � & � �L & � & ^�[ ? �QOH�Q� Aa` � G ? EHSbX A

cd��+7��20����e)f�g�M���Q����43�/�M�#2#�� #"1�M��'h:&�),+-".�/��+,���0i Xgjlk �Mm�'4��#),���n #" =U? $'&(>A�o =U? h:& A +7� ` ),+,�/p�q�O
�M�+7�r��������)7�U+7� IHGYE#s3CHt�ImGYI#Z3umS ���+,�@4��#)7���v+,�@w� #����+7���M�/����8*+-�M6�M��v�Mm�� 3���/�M+7w��#) ` ���/p�+,wV�M+, #��� k
8*�+,wB
�#���x�Q�M+,)7)��#�%��m 98*�y+,�z�{��q�),� XHS-T3S ���+7�|���������������������:��#�%q}�/���~� `�` �� �4#��p
q�O
�M��!�%��w� 3)7)f�#q� 3�M�g�M+, #���#��p�1��������w/�����M)-Oxq}�/��������qm��+-���M�/p��M |���OH��+,w��#)��!�V4P+,�/8��@�/���������
". 3� ` ��qm),+,w����M+7 3��i E�XgjlS|� ` ���/),+7��+7�1�#��O���������)7��".�� 3���M�+7�6�#�1�#)-OP��+,� k +,��8*�+,wB��Mm�x��������)7�
+,�e� `�` �� ��H+,��������)7O IHSYImT ` �e)7 98n�����M1�����M��0)f���������'���/����)-� k 8e�#�'����)7���#����p�+7���:w/ 3�m".��������w/�
�� #�M��i E3C�j ". 3�6���� X#I3I3u �6�v�Dw/ 3�m".�/�����mw���i E#sgj�S �%��1�#�|�#)7�� ����mq���+-������p��M ��v�OP��+7w��#)
�!�V4H+7�/8��U�V���������!�x���V8������#���m�����������!����+,��2x�Mm�|pm��w���O�$n&(e� ��o�� $'&*+7���M��6".��)7)@�!�m�
 � ¡�
p1�g�B�#���/�zi E�¢gjlS ���+7��23+-43�����y4��#),���� #" =U? $'&(>A�£ T3GYXHT�E3K & �\[_¤ &L & �\[][ � ? ���M��� A t¥ImGJI#s¦X ? ��OP��� A
` � S ������]8' 5�����#���m�������������:�#�������B�g�M+,�Q�M+7w��#)7)7O5+,��pm� ` ����p��/��� k �#��pz1��43����4#����O�������),)
w� 3������),���M+7 3�§ #"n��OP�Q�M��������+,wx����w/���Q�B�#+7�¦��+,�/� S ����VO�1��43��q������zw� #��q�+,�m��p��M �23+-43�����%�
�����#���������������a �" =U? $'&(VAv£ T3GYX3¢HT�K & �\[ & NL & � & ^�� ` � S �{+,2#����� EmS-T ��m 98*�a����'w/���������������/�a �"1���/����)-�M� k

T�¢#I



�#��p +7��w�)7��p��/������5�M�#��2#���� #"0���� X�I3I3u �#��p X�I3I�F �v� � ��4#�����#23��4��#)7����� S ���� X#I3I3u
��4#�����#23��p� P������ #��+,��w/),��p����M���),���M�/�����e�6� �������m)7�� 3��������%� ��������)7��� S ���� X#I3I�F
4#��),���!+,��w/),��pm���n������e�6�z���/����)-�'q��H�e�� #�n�M��0�%� �����#�������/���/�¦��� S   �ew��#��q��0�����/���M1���
q} #����%� ���/����)-�M������������ 3�m2��Mm�0�� 3��� ` ���/w�+,��� k �#��p������w� #��q�+,�����M+7 3��23+74#���'����0�� 3���
` ���/w�+,���'�����#�������/���/����� ` �����r".�� 3��������e�6���!�m�� �  ��������������������� S ����'�����#�������/���/���
` ���/����������p�������*�#��p:����*�%��w� 3��qm+,���/p����/����)-��23+74#�'�Q�M�� #��23���a�#23���/���������a8*+-�M��Mm� X#I3I3u
8' 3��),p5��43�/�M�#23�%�M��#�58*+-�M��Mm�|pm+,��w/��� ` �#�����e�6� ��������������������� S

��m�����B�g�M+,�Q�M+7w��#) ` ����w�+7��+7 3�
 #"����+,�����/����)-���V�Hw/����pm����),)v #�Mm���:���������������������M�x� ` �#���
".�� 3� ������e�6� �����#�������/���/���0����+,��2��M��%p��/w���O5$'&( � ��o�� $'& S ����� ` +7���|���4P+7��2�q��#w	��

23�� 3�m��p�������wB��+723��/�v��1�#���#��O ` ���/4P+7 3������������)7� k ����*"_��4# 3�����#q�),�!���M���M+7����+,w���) ` ���/w�+7��+, #�
+,���#wB�+,�V43�/p�p������� ������OP+,�/),py #"���+723�1�#)v�V43������� k 8*�+7wB~�V�Hw��/��p������¦Oz #������������#���m����

���/�¦��q�O����V43�/�M�#)0��+,����� S  ]������������ �"%��OP�����������M+7w ������ 3��� k �#)7)d #������������#���m�������������
1��43�|�+,23m��� ` ����w�+7��+7 3� S�  �8n�/43�/� k �M��%�Q�B����+,����+,w��#) ���mw����Q�B�#+7���]O����M+7),) pm 3��+7�1�������e+7�����+,�
�����#��������������� k �� |�M��!�� 3������+7� ` ),�*�#��p�q��������1w�+,�#)��#p�p�+-�M+, #���� |����d�#�1�#)-OH��+,��8n 3��),p�q}�
)f�#��23���!���M���M+7���M+7w�� S �%� �!���  � ]q�+,�dw��������/�¦��)7O��V� ` ��w/����p��M �)f�#�Q�������M+7) X�I3I3ZmS ����:�M ��B�#)
+,���M�/23�M������p�),����+,�� #��+7�]O����/w� 3��p���p�q¦O�����dpm�/�M�/w/�� 3�'�� �8��Q�B�#�mp��e���'�#�� 3����p XHSbF ".q L [ S�� �
w�������������),����+,�m 3��+-�M+,�/� k ��".�m���Mm���|� `�` �� ��m+7���g�M��)-O C ".q L [ w����yq��x�V� ` ��w/����p~q��/". #�����Mm�
����px #"��*���� �  S ���+7��8n 3��)7p�23+74#���0p1�g�B�#���/�a�� 3���n�M��#�:". 3���r�M+7���/���Mm�'��+����e �"1�M1���{�����/p
+,�����+,�!�����#�������/���/�¦� S ��������/". 3�����#�§+7��w������#���:+7�5����:�Q�B����+,����+,w��#) ` ���/w�+7��+, #�  #"v���� 3���mp
¢#I � w��#��q����>� ` ��wV�M�/p +-"e�Mm+,�����1�#)7OP��+,�:+7�:),���M�/��� ` p1������p~8*+-�M~�� 3����p1���M� S �1����������
+,��w/�����������|+,���Q�B����+,�Q�M+,w/�6����O�q��x 3qm�M�#+,�m��p�+7"'�#p�p�+-�M+7 3�1�#)r$ K

�
p��/w���O�wB1�#���m��),���#���xw� 3��


��+,pm�����/p S �� #�������M+,�#)�w��#�mp�+,p1�g�M���6". 3�%+7��w�)7����+7 3��+,���Mm�������#�������/���/���:������$ K
�
� $'&�� K

�#��p�$ K
�
� $'& R K����� S ����6)f�#��23���Q���� #����w/�| �"��QOP���M�/���g�M+,w0����w��/���M�#+,���]O�����O�q������/p���w/��p

q¦O�����+7��2����¦q�+,�m����p������e�M ��Mm�6���#���ep�+7���M��+,q��H�M+, #���'+7�����#wB� #"U�Mm� �
�
q�+7��� k �#)7��� 3��23

�M��x�+723§q1��w	�P2#�� 3���mpz����O �Q�M+7),)r�������:�Mm+,�0����x)f�#��23���Q���QOH�Q�M�/������+,w��m��w��/���B��+,���]O k p��m�
�M x4��#��+,���M+7 3���'8*��/�������������+,��2x���#��23�|�#��p�".����wV�M+7 3�5�#����4��#��+,��p S

c ` 23���#p������M %�M��!p��V�M��wV�M 3��+,���*���� � ]q�����O��#),�� %23+74#�!".���Q�M��/�n+7� ` �� �43�/���/�¦��� S ��m�
�M�M��w	�P+7��2�1���{q������x+7� ` �� �43�/p�q�O�����e�#pmp�+7��+, 3�� #"��0���V8 )f��O3�/�{ #"���+,),+7w� 3�|p��V�M��wV�M 3���aw�)7 3���

T�¢HT



 lifetime [ps]bΛ
0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2

 l cΛALEPH 
(91-95)

 0.03± -0.12
+0.131.18  

 -l+ l0ΛALEPH 
(91-95)

 0.04± -0.21
+0.261.30  

 l cΛOPAL 
(90-95)

 0.06± -0.22
+0.241.29  

 l cΛDELPHI 
(91-95)

 0.05± -0.18
+0.191.11  

 l cΛCDF 
(92-95)

 0.06± 0.15 ±1.32 

 l cΛD0  

 0Λ ψD0 J/
 (02-04)

-1
250 pb

 0.04± -0.18
+0.221.22  

 0.09± —0.11
+0.121.29  

 0.04± —0.11
+0.131.22   0Λ ψD0  J/

 0Λ ψCDF  J/
 (02-06)-11 fb

 (02-06)-11.2 fb

D0  Combined
 (02-06)

 (02-06)-11.3 fb

 0.03± 0.08 ±1.59 

 0.074 ±1.230 
 0.055±1.409 

 0.10 ±1.25 

PDG 2006
PDG 2007

(no scaling of errors)

 Lifetime MeasurementsbΛ
 PDG0B

τ/
b

Λτ 0.5 0.6 0.7 0.8 0.9 1 1.1 1.2
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