
P
r
H
E
P
 
h
e
p
2
0
0
1

���������	��
��������
������������������	�� �"!#���%$%���&���'���(���*)+�-,
.%/10�2�3%3%46587�9�:

;=<?>A@B<DC EGFIH JK@LF�<NMO@�PQ<?R

S�TVUWU�T�X Y[Z\^] X�T`_Ba�TV_�b�ced�Ufa�T`Y�g�hji�d�i�X�Y�Tlk'mon�p-nqmrnos�tBt�pvu#kxwygxU�zf{rT�|6gVX�_Ld�U}T�~V��TV_B���GT`U`X ]N�
���������O�x����� �������#�K�`�K� ����� ���`�������	�K�� 8� ��¡
�r��¢^� �� 8£r¤6¥�¦�¦6¥1§�¨ª©�«6¬ §6¥1�®6¥1�¯�°6±%¥1�¦ª©²±	¨

³µ´�¶&·x¸�¹WºV·�»x¼�½�¾À¿�ÁL½	Â&Ã�Ä�½ÆÅÇ½�È1Ä�É�ÁL½�Å+½�Ê�ËBÄ#Ì�ÍÏÎWÐÒÑ#Ó�Ô�Õ`ÎWÐÖÑª×Ø	Ô�È�Ê�Ù?ËLÚ6½�Ã8ÁOÁBÈ%ËLÃÛÌ^Ú�È�Ü�½�Ý`½K½�ÊÞÅ^È�Ù�½
Ý�ßÞËLÚ6½^ÑªÈ�ÑªÈ%Á	Õ�àráqâãÈ%ÊVÙäáqåvæ�çvè�é-½&ê�¿V½�ÁLÃÛÅÇ½KÊ�ËBÄ�ÉVÄ�ÃÛÊ6ë(Ü�½�ÁLßÞÙ�Ã8ì�½KÁB½KÊ�ËÆÅ+½KËLÚ6Ì�Ù6ÄqËBÌ(ÃÛÙ�½�Ê�ËLÃ8Ííß
ËLÚ6½+ÑîÄL¿V½	Â&ÃÛ½�Ä�ï�ðªÚ6½µÑªÈ1ÑrÈ�Á-È%ÊVÙ�àráOâlÈ%ÊVÈ%ñÛß�ÄLÃ�Ä�È%ÁB½�Ý�È1Ä�½	Ù(Ì�Ê(ÍíÉ6ñÛñ8ß(ÁB½�ÂKÌ�Ê�Ä�ËLÁBÉ�Â�ËB½�Ù(ÑîÅ+½	Ä�Ì1Ê�Ä
ë�ÃÛÜ�ÃÛÊ6ëÇÎWÐÖÑ Ó ÔBò�ÎWÐÒÑ × Ø Ô-óyô�ï õ�ö�÷Çøùõ6ï õ1÷�úDÐüû ��� ��ý ÔNø=õ6ï õ6ô�÷NÐüû²þ�û ��ý Ô^È%ÊVÙ�ô1ï õ1ÿ���ø õ�ï õ1ú�ú?Ð�û ���%��ý ÔDø
õ6ï õ1÷%öÆÐüû�þ�û ��ý ÔÆÁB½�ÄL¿`½�Â�ËBÃ8Ü1½KñÛß�ï'ðªÚ6½oáqåvæ�çvè�éxÈ�Ê�È%ñÛß�Ä�Ã�ÄxÉ�ÄL½�Ä'ÈªËLÌ1¿VÌ1ñ8Ì1ë�Ã�ÂKÈ�ñ%ÁL½	Â&Ì1Ê�ÄüËBÁLÉVÂ�ËLÃÛÌ�ÊÆÌ�Í�ËLÚ6½rÑ
Å+½	Ä�Ì1Ê�Ä�Õ ¾#Ú6½KÁB½�ËBÚ6½rÑ ÄL¿`½�Â&ÃÛ½�Ä�Ã�Ä'Ù6½&ËL½�ÁLÅÇÃÛÊ6½�Ù�ÍíÁLÌ1ÅÀËLÚ6½ªÂ²Ú�È%Á²È�Â&ËL½�ÁLÃ�ÄüËBÃÛÂ�ÄWÌ�Í�ËLÚ6½#ÄL½�Â&Ì1Ê�Ù6È�ÁLßqÜ�½�Á�ËB½&ê
È%Ê�Ù(Ì�ÍÏñÛ½�È1Ù�ÃÛÊ6ë^ÍíÁ²È%ë�ÅÇ½�Ê1Ë²È ËBÃ8Ì1ÊD¿�È�Á�ËBÃÛÂKñ8½	ÄKÕVë�ÃÛÜ�Ã8Ê6ë�È�ÎWÐÖÑ Ó ÔLò ÎWÐÖÑ × Ø	ÔOó ô�ï õ����Nø=õ�ï õ�ô��DÐ�û ��� ��ý ÔAø
õ6ï õ1÷��^Ð�û�þ�û ��ý Ô&ïvðªÚ6½�ÄL½-ÅÇ½	È�ÄLÉ6ÁL½�ÅÇ½KÊ�ËBÄrÈ%ÁB½OÈ�ñ8ñxÂ&Ì1Ê�ÄLÃÛÄ�ËL½�Ê1Ëª¾#Ã8ËLÚN½	È�Â²ÚDÌ%ËLÚ�½KÁªÈ%Ê�ÙxÕ�ÂKÌ�ÅeÝ�Ã8Ê6½	Ù�¾#Ã8ËLÚ
½�È%ÁBñÛÃ8½�Á�Å+½	È�ÄLÉ6ÁB½KÅÇ½KÊ�ËBÄ�Õ1È�ÎWÐÖÑ Ó ÔLò ÎWÐÖÑ × Ø Ô�È�Ü�½�ÁBÈ�ë�½rÌ%Í�ô�ï õ�ú1ö�ø õ�ï õ�ô�úqÃÛÄvÌ�Ý�Ë²È%ÃÛÊ6½�ÙWïÏðªÚ�ÃÛÄ�ÂKÌ�Ê	�VÁLÅ^Ä
ËLÚ6½Æ½Kê�¿`½�Â&ËBÈ%ËLÃÛÌ�ÊDÍíÁLÌ1Å ËLÚ�½KÌ�ÁBß^ËBÚ�È ËªËLÚ�½ÆÎWÐÖÑ Ó ÔªÄLÚ6Ì�É6ñ�Ù?ÝV½�ÄLñÛÃ8ë1Ú1ËBñ8ßNñÛÈ�ÁLë1½KÁoËLÚ�È�ÊDËBÚ6½ÆÎWÐÖÑ × Ø�Ô&ï


�������	�����������������

�! #"	$%$'&)(*&)+� ,(-+.(-/�0-(*&1 32546+�$%/�7809+	:�;�<>='"	$3?*+� #$3/�@A"�BC0AD�(*=3/FEC 3+�GH7)/�$32	/I+	:�;�<>=%"	$3?*+� #78&8:J/A(*&84K/�09&80
+	:L&84KMN+	?O(*"	 %@�/H:P+	?Q(*=3/R$3/A(-/A?O4K&1 %"S(*&)+� T+	:�(*=3/�UQV�WX4K"S(-?O&ZYK/�7)/�4K/� [(9\']�^�"	 '$_"	0`&1 3M'a3(b:P+	?Q(*&846/
$3/AMc/� %$3/� d(e;f$3/�@A"�B5"	 %"	78B�0*&10`0*a%@O=g"	0hUQij"	0-B�4k46/A(-?*B.46/�"	0*a3?*/�4K/� [(*0H"	 %$5;f46/�0-+� ,4k&ZYC&1 323l

�! m(*=3/n0-Mc/�@�(*"S(-+	?.46+C$3/�7oDpG9=3/A?*/5(*=3/q78&)2�=d(Krda'"S?*Es@�+� %0-(*&)(*a3/� d(�tu0wv6+	:h(*=%/n;x=%"	$3?O+� sM'78"�B
 3+y?*+�7)/z&8 {(*=3/z$3/�@A"�B{$3BC %"	4K&1@A0T"	 %$|(*=%/A?*/A:J+	?O/q(*=%/#71&):J/A(*&146/n$3/AMc/� %$'0T+� '7)Bm+� {(*=3/zM%?*+C@�/�0*0
}�~ @�����D�"	787p;�<>=%"	$3?*+� y0-Mc/�@A&)/�0F"S?*/.M%?O/�$%&8@�(-/�$�(-+#='"��	/.(*=3/50*"	46/578&):P/A(*&846/	l#�H+�Gp/A�	/A?k 3+� C<
0-Mc/�@�(*"S(-+	?./��N/�@�(*0.0*a%@w=j"	0_r�a%"S?*Es&8 d(-/A?*:J/A?O/� %@�/	D`� /�YC@w=%"	 32	/z"	 %$�G�/�"SE�"	 ' %&8=%&871"S(*&)+� y0*=3+�a%78$
&8 %$%a'@�/F71&):J/A(*&146/I$'&Z�N/A?O/� %@�/�0�"	46+� 325(*=%/K$%&Z�c/A?*/� [(�;�<>=%"	$%?*+� z0-Mc/�@A&)/�0R&8 z"50*&14K&878"S?�GQ"�B#(-+5(*=%"S(
"	7)?*/�"	$3B6/�YCMc/A?O&846/� d(*"	787)BI/�0-(*" } 71&80*=3/�$K&1 6(*=3/H@w=%"S?O4�=%"	$3?*+� k0-B�0*(-/�45lb��a3/9(-+�(*=3/9?*/�71"S(*&)�	/�7)B6=%&)2�=
} <>r�a%"S?*EF4K"	0*0ADd(*=3/978&):P/A(*&846/`$%&)�N/A?*/� '@�/�0�"S?*/e/�YCMN/�@�(-/�$k(-+ } /e0*4K"	717)/A?�(*=%"	 K&8 F(*=%/9@O=%"S?w4�0-BC0-(-/�45l
Wg+C$3/�780��Z�A��+	:�;|$3/�@A"�B�0 } "	0-/�$5+� ./�YCM'"	 %0*&)+� '0p&1 .(*=3/�&8 d�	/A?O0-/�+	:L(*=%/ } rda%"S?OET4K"	0*0QM'?*/�$%&8@�(Q(*=3/
=%&)/A?O"S?w@O=dB	Dc��tu�p^*v9����tu;p���vp����tu;`��Av9�f��tu;e��vwDcG9&8(*=g$%&Z�c/A?*/� %@�/�09+	:b(*=3/�+	?O$3/A?R�����A�5  } /A(>Gp/A/� 
(*=3/K; � "	 '$z; �� 4K/�0-+� z78&):P/A(*&846/�0Al�¡C+�46/K"	0*0*a%4KM%(*&)+� %0H+	:�(*=3/�0*/K46+�$%/�780�"S?*/6rda3/�0*(*&)+� 3/�$m�£¢���0-+
M%?*/�@A&80*/�78&):P/A(*&846/R46/�"	0*a3?O/�46/� [(*09+	:�"	717�;�<>0*MN/�@A&8/�09"S?*/�@A7)/�"S?w7)B_ %/A/�$3/�$5(-+k@A78"S?w&):JBT(*=3/¤0*&8(*a%"S(*&)+� �l
¥*¦�§	¨-©wª«¨!¬-
®>¯'° ©O±�²�²�³`©O´µª�±�³ °�¶ ¨-·�¸«¨�¹��ºc©O¬�ª«¨!¬�»)¼�½�¾d¿'À ¯ ©O±S·�¾d½�¿Tº5¾dÁ£ÂZ¨!²�ÁÄÃ`¨ ° ³w¬�ª�ÁÄ±�¸Q¸O¬�³«Å�§SÆµÇ	ÈL�À�©w©w¸R»)¼�½'¾�¿%À ¯ ÆµÇ

¹��À�©wÃ`¨ ¶ ·�¨LÉh³«±�´µÊ�¨Ë±S©OÅ ¶ ²�»8ºc©wºc©O¬µÆ�©w±S·`ÌbAÀ�¨!ÁÎÍoÍL»1ÈN¼�Ï%ÆCÂZ³w¬N²�Ê�¨ËÁ£¬c´!³«±A²o¬�ÁÄÐ�Å�²�ÁÄ³w±�Í%²�³b²�Ê�¨�§�¬�¨ËÍo¨Ë±A²>©*²�ÁÎ³w±e´Ë³«±A²�¨Ë±A²-



P
r
H
E
P
 
h
e
p
2
0
0
1

���������	��
��������
����Æ�`�������V�1�	�� �"!#����$ � ��� �����(���*)+�-, VR/� % %/A(*=���0-(-/A? } /A?*2

��������� �
	�� �������� �� 	�������� ��� ����� �L� � �>�� � � � �

� =3/¤;Q"	;Q"S?R46/�"	0*a3?O/�46/� [(*0h"S?*/ } "	0-/�$,+� n$%"S(*"T@�+�717)/�@�(-/�$g&8 �������k"	 %$q¢S�	�	�T"S(h@�/� [(-/A?*<�+	:1<>4K"	0O0
/� 3/A?*2�&)/�06 %/�"S?6(*=3/��Kt�� �bv�?*/�0-+� %"	 '@�/	l � =3/.78a%4K&1 3+�0*&)(µB a%0-/�$y&8 �(*=3/5"	 %"	7)BC0*&80I@�+	?*?*/�0-Mc+� %$%0�(-+
" } +�a3(�¢�!TW ;Q;�<�M�"	&)?O0Al � =3/F; � "	 '$n; �� 46/�0-+� '0h"S?O/I:ua%7878B_?O/�@�+� %0-(-?Oa%@�(-/�$�DNGH=3/A?*/�"	0R"	 #&8 %@A78a3<
0*&)�	/R?*/�@�+� '0-(-?Oa%@�(*&)+� 5&10`a%0-/�$.:P+	?e(*=3/R0-/�@�+� %$,;hl � =%/�"	0-B�4k46/A(-?O&8@«<�/� 3/A?O2	BT/ � / � @�+�7878&8$%/A?Qi#"�ib<��*�
M%?*+C$%a%@�/�06;�<>46/�0-+� �M'"	&)?O0IG9&8(*=s" } +�+�0-(F+	:%$�&('*) �ClÎ��+ "	7)+� 32#(*=3/ } /�"	4 "�Y3&80,t-, $'&)?*/�@�(*&)+� �vwl
�9/� '@�/	D'+� ,"��	/A?O"S2	/	D�(*=%/�(>Gp+k;f$3/�@A"�B_�	/A?O(*&8@�/�09"S?*/�0-/AM'"S?O"S(-/�$ } B/.10 23,40657)8$ & '�':9:;3<= > �n� ¢@?��
A 45D�G9=3/A?*/B'�9:;3<= &80b(*=%/%C�+	?*/� [(ED�:u"	@�(-+	?Q+	:�(*=3/�;�46/�0-+� _&8 k(*=3/��Kt�� �bv�?*/�0-(�:P?O"	46/	l � =3/H$%&)�N/A?-<
/� %@�/�+	:L(*=3/RM%?*+	Mc/A?`$3/�@A"�B_(*&846/�0Q+	:�(*=3/R;|46/�0-+� %0�D�2�FwD3&80`$%/A(-/A?O4K&8 3/�$_:P?*+�4G23,3D3@�+	?*?O/�@�(*&8 326+� 
"	 z/A�	/� d(Ë< } Bd<�/A�	/� [( } "	0*&10�:J+	?H' 9:;3<= l � =3/FG9&8$3(*=q+	:p(*=3/I23,5$%&80*(-?O& } a3(*&8+� g&80R"5@�+�4 } &8 %"S(*&8+� #+	:
78&):P/A(*&846/�/��c/�@�(*09"	 %$.(*=3/�/�YCMc/A?O&846/� d(*"	7c?*/�0-+�78a%(*&)+� .&8 �23,3D3+� ,"��	/A?O"S2	/T���S� A 4x&1 .(*=%&80Q"	 %"	7)BC0*&80Al

� =3/¤; � 46/�0-+� q&80e?*/�@�+� '0-(-?Oa%@�(-/�$q&8 g&8(*09$3/�<

E
nt

ri
es

 / 
0.

9 
ps

 (ps)t∆

Delta t (ps)

10
-1

1

10

10
2

10
3

B0

-15 -10 -5 0 5 10 15
10

-1

1

10

10
2

10
3

B+

J
KML N4OQPSRUT áOÃjì�½KÁB½KÊVÂ&½ÞÌ�ÍO¿6ÁBÌ�¿`½KÁ�Ù�½	ÂKÈ�ß ËBÃ8ÅÇ½	Ä
ÍíÌ1ÁµÑ × Ø ÐíËLÌ�¿`Ô�È%ÊVÙ Ñ Ó ÐÖÝVÌ�Ë�ËLÌ1Å�ÔÆ½KÜ1½KÊ�ËBÄe¾#ÃjËBÚ*È
ÁB½�ÂKÌ�Ê�Ä�ËLÁBÉ�Â�ËB½�Ù�Ñ Å^È�ÄBÄr¾#ÃjËBÚ6ÃÛÊ?÷�ï£��VÞÌ%ÍxËLÚ�½qÊ�Ì�Å%W
ÃÛÊ�È%ñxÑlÅ^È�ÄBÄoÃ8ÊDËLÚ6½�ÑªÈ�ÑªÈ%ÁrÈ%Ê�È�ñ8ß�ÄLÃÛÄ�ïÏðªÚ6½�ÁL½	Ä�É6ñ8Ë
Ì�Í`ËBÚ6½�ñÛÃjÍí½KËLÃÛÅÇ½b�6ËvÃ�ÄvÄLÉ6¿`½KÁBÃ8ÅÇ¿`Ì1ÄL½�ÙÇÌ1ÊµËBÚ6½OÙ�È ËBÈ�ï
ðªÚ6½OÄ�ÃÛÊ6ë�ñÛ½1W�Ú�È%ËBÂ²Ú6½	Ù+È�ÁL½	È�Ä�ÂKÌ�ÁBÁL½	Ä�¿`Ì�ÊVÙ6Ä'ËLÌ�ÝVÈ�ÂYXZW
ë1ÁLÌ1É6Ê�Ù6ÄªÈ%ÊVÙNËBÚ6½�Â&ÁBÌ1ÄBÄ�W Ú�È%ËBÂ²Ú6½	ÙÇËLÌ^Ì1É�ËLñÛÃÛ½KÁ²ÄKï

@A"�BC06(-+ �\[�cE] �_^�� D#` acb_V � "	 '$db�to¢@�bv�V � "	 %$
(*=3/�; �� 46/�0*+� �&8 R&)(*0�$%/�@A"�BC0�(-+9� [�cE]o� ^ � D�� [�cE]u�fe � D
� [�cE]u�hg � i "	 %$f`Uacb_V c � D�/�Y3@A78a%$%&8 %2�(*=3/QUQig"	0-BC4F<
46/A(-?*BR46/�"	0*a%?*/�46/� d(�@O=%"	 % %/�7�V c � ~ V � � ^ � lkjb"S?-<
&)+�a%0q46+�46/� d(*a%45DI4K"	0*0ADF7)/AM%(-+� &8$3/� d(*&ml�@A"S(*&)+� 
"	 %$ �	/A?O(-/�Y @�+� %0-(-?O"	&8 d(*0AD�$3/�0*@�?O& } /�$z&8 $3/A(*"	&87b&8 
ne/A:!l1�6!S��Dc"S?*/¤M�a3(9+� n(*=3/¤?O/�0-+� %"	 %@�/�0�"	 %$n$3/�@A"�BC0
&8 K(*=%/H@O='"	&8 k(-+�/� %0*a3?O/9(*=3/h@�+�46M'"S(*& } &178&)(>BI+	:�(*=3/
/A�	/� [(#G9&8(*=�+� 3/�+	:K(*=3/�" } +��	/ 46/� d(*&)+� 3/�$ $3/�<
@A"�B#@O=%"	&1 %0Al�i�"S?O(*&8"	787)B5?*/�@�+� '0-(-?Oa%@�(-/�$#;�4K/�0-+� %0
"S?*/�:Pa%?*(*=3/A?Q?*/po-/�@�(-/�$.?*/�rda'&)?O&8 32¤(*=3/R$%&Z�c/A?*/� %@�/h+	:
(*=3/ ?O/�@�+� %0-(-?Oa%@�(-/�$ /� 3/A?O2	B�"	 %$�(*=3/ } /�"	4 /� C<
/A?*2	B�q rsaS¢�&8 K(*=3/��6t�� �bvb?*/�0-(p:J?w"	46/9(-+ } /9@�+�4F<
M'"S(*& } 78/	l � =%/_$3/�@A"�B Mc+�0*&)(*&8+� +	:e(*=3/50-/�@�+� '$ ;
46/�0-+� .&80�?*/�@�+� %0-(-?wa%@�(-/�$5&8 %@A78a'0*&)�	/�7)BI:J?O+�4 "	787�?*/�<
4K"	&8 %&1 32 M'"S?O(*&8@A7)/�0.&8 j(*=3/#/A�	/� [(ADR"S:P(-/A?5?*/�46+��d<
&8 32 (*=3+�0-/#+	:¤(*=%/q; � +	?,; �� @A"	 %$'&8$%"S(-/	lt+S�@+Z�
u ?��y; �� "	 %$*+�!�!�+ u +�! ; � @A"	 '$%&8$%"S(-/�0."S?*/
:J+�a' %$�D'GH&)(*=,"TM'a3?O&)(µBT+	:v�S�_  "	 %$g"_@�?*+�0*0Ë<�(*"	78E
+	:�+� %78B �«<µ¢.  } /A(>Gp/A/� #(*=3/I(>Gp+,0*"	46M'78/�0ADN"S:P(-/A?
?*/�r�a%&)?O&8 %2`(*=3/p@A"	 '$%&8$%"S(-/�(-+h=%"��	/`" } /�"	4F<�/� 3/A?O2	B
0*a } 0*(*&)(*a3(-/�$.4K"	0*0ADxwzy < D3@A"	78@Aa'78"S(-/�$.:J?O+�4 q rcaS¢
"	 %$n(*=3/�?*/�@�+� %0*(-?Oa%@�(-/�$q46+�46/� d(*a%4 +	:�(*=%/�@A"	 C<
$%&8$%"S(-/	D'G9&)(*=%&8 .¢�lÎ�s{ +	:�(*=3/� %+�4K&8 %"	7�;|4K"	0*0�l

� =3/b78&8:J/A(*&84K/b&80�/�YC(-?O"	@�(-/�$¤:P?*+�4�"ea% } &8 % 3/�$�4K"�Y3&84Ia%4�78&8E	/�78&8=3+�+�$|l'(�(-+e(*=3/�$'"S(*"`/�Y�(-?w"	@�(*&8 32
0*&84Ia%7)(*"	 3/A+�a'0*7)B (*=%/g78&):P/A(*&846/5"	 %$s(*=%/,?*/�0-+�78a%(*&)+� s:ua% %@�(*&)+� y:P+	? } +	(*=m0*&82� %"	7`"	 %$ } "	@OEd2	?O+�a% %$
(-+	2	/A(*=3/A?eG9&8(*=k(*=3/h:P?O"	@�(*&)+� _+	:�&8 %@�+	?O?*/�@�(*7)BK46/�"	0*a%?*/�$_/A�	/� [(*0AD%0*+S<>@A"	787)/�$_+�a3(*78&)/A?w0Al � =3/9Gp/�&)2�=d(Q+	:
"	 ¤/A�	/� d(�&8 R(*=3/}l'(�&80 } "	0-/�$�+� I&)(*0~wzy < �S"	78a3/	l � =3/�46+�0-(�0*&)2� %&�l�@A"	 [(L0-B�0*(-/�4K"S(*&8@A"	7�a% %@�/A?*(*"	&8 d(*&)/�0"S?*/`?*/�78"S(-/�$K(-+�78&84K&)(-/�$IWzU 0-(*"S(*&80-(*&8@A0�D�(-+R(*=3/`M'"S?O"	4K/A(-/A?O&�D�"S(*&)+� F+	:N(*=3/`?*/�0-+�71a3(*&)+� I:Pa' %@�(*&)+� %0�"	 %$
(-+�(*=3/ea% '@�/A?*(*"	&8 d(>BI+� 6(*=3/`+�a3(*78&8/A?�?*/�0-+�78a3(*&8+� �:ua% %@�(*&8+� 6"	0�G�/�717�"	0�(-+R(*=3/ } "	@OEd2	?*+�a' %$K46+C$3/�78&8 %23l

�5¢¤�



P
r
H
E
P
 
h
e
p
2
0
0
1

���������	��
��������
����Æ�`�������V�1�	�� �"!#����$ � ��� �����(���*)+�-, VR/� % %/A(*=���0-(-/A? } /A?*2

� =3/�46/�"	0Oa3?*/�$,78&8:J/A(*&84K/�0�(-+	2	/A(*=%/A?HG9&8(*=.(*=3/�&)?e0-(*"S(*&80*(*&8@A"	7�"	 %$,0*B�0-(-/�4k"S(*&8@A"	7�a% '@�/A?*(*"	&8 d(*&)/�0`"S?*/��
��tu; � v%) �

�
+@?s! u �

�
�@!	¢`tL�	�ü
6�

�
v u �

�
��¢�!`tL�	���	�

�
vQM'0

�
��tu; �� v%) �

�
�Z� + u �

�
�@!	¢`tL�	�ü
6�

�
v u �

�
��¢	¢`tL�	���	�

�
vQM'0

�
��tu;e��v
��tu;`���v ) �

�
���	¢ u �

�
��¢�+`tL�	�ü
6�

�
v u �

�
�3��¢`tL�	���	�

�
v
�

����� ����� ��� ����� �L�n�
	 �
��� �
	h� ���8����� �� 	h� ������

�  k&846M%?*+��	/�$678&):P/A(*&846/Q"	 %"	7)BC0*&80`� �	�%:P?*+�4 (*=3/HUQ���

 [cm]τc
-0.3 -0.2 -0.1 -0 0.1 0.2 0.3 0.4

E
n

tr
ie

s 
p

er
 0

.1
 m

m

1

10

10
2

10
3

10
4 CDF preliminary

 [cm]τc
-0.3 -0.2 -0.1 -0 0.1 0.2 0.3 0.4

E
n

tr
ie

s 
p

er
 0

.1
 m

m

1

10

10
2

10
3

10
4

CDF preliminary

CDF preliminary

CDF preliminary

B

B0

+

J
K LUN4O(P�� T çvÁLÌ1¿V½�Á?Ù6½�ÂKÈ�ßlËBÃ8ÅÇ½GÍíÌ�ÁDËLÚ�½"Ñ Ó
ÐíñÛ½&Í�Ë�Ô-È�Ê�ÙÞÑ ×Ø ÐíÁBÃ8ë1Ú1Ë�Ô�Â�È%Ê�Ù�Ã�Ù6È%ËL½�Ä-Ã8ÊÞËLÚ6½�àráOâ
È%ÊVÈ%ñÛß�ÄLÃ�ÄKïqðªÚ6½µÁB½�ÄLÉ6ñ8ËOÌ�Í�ËLÚ6½+ñ8Ã8Íí½&ËBÃ8ÅÇ½H�6Ë�ÃÛÄ�ÄLÉ�W
¿`½KÁBÃ8ÅÇ¿`Ì1ÄL½�ÙAÌ1Ê(ËLÚ6½+Ù6È Ë²È6ï�ðªÚ6½µÚ�È Ë²Â²Ú6½�ÙAÈ�ÁL½	È�Ä
Â&Ì1ÁLÁB½�ÄL¿`Ì�Ê�Ù6ÄoËBÌµËBÚ6½Q�6ËLËL½�ÙAÄLÃÛë�Ê�È�ñÒï

@�+�7878" } +	?O"S(*&)+� 6&10LM'?*/�0-/� d(-/�$ } "	0-/�$F+� F(*=3/�&)?�:ua%787�$%&Z<
4�a%+� "	 '$ &1 %@A78a%0*&8�	/6/�7)/�@�(-?*+� s0*"	46M�7)/�0¤:P?*+�4X(*=3/
� /A�S"S(-?*+� s?wa% �«l � =3/.; � 46/�0*+� s&80I:Pa%717)B#?*/�@�+� C<
0-(-?Oa%@�(-/�$#&8 g&)(*0H$%/�@A"�BC0H(-+�` acb.V � D�`Uacb_VDc � "	 %$
bhto¢@�bv�V � "	 %$#(*=3/K; �� &8 z&)(*0R$%/�@A"�BC0�(-+ ` acb.VNc �
"	 %$ `Uacb_V ���l � =%/F71&):J/A(*&146/6&80R$3/A(-/A?O4K&1 3/�$ } B#"	 
a% } &8 % 3/�$T4K"�Y3&84�a'4 78&8E	/�78&8=3+�+�$3l'(�(-+F(*=3/hM%?*+	Mc/A?
$3/�@A"�B.(*&84K/�0AD3"	0`0*=3+�GH 5&8 ���&823l3¢�D%"	 '$.(*=3/�?*/�@�+� C<
0-(-?Oa%@�(-/�$_;s4K"	0*0*/�0b+	:�(*=3/9@A"	 '$%&8$%"S(-/�0Al � =%/ l'(-(-/�$
 da'4 } /A?`+	:�0*&)2� %"	7c; � "	 %$5; �� /A�	/� d(*0H"S?O/K�	���	¢ u
� !I"	 %$5��+	� u ¢���?*/�0-Mc/�@�(*&)�	/�78B	l � =3/|l'(-(-/�$_M'a3?O&)(µB
+	:�(*=3/F0*"	46M�7)/�&80H�	/A?*Bq$3/�@A"�Bq@O=%"	 % %/�7�$%/AMN/� '$3/� [(
?O"	 32�&8 %2 } /A(µG�/A/� s�SlÎ�."	 %$s���, .l � =3/64K"	&8 #0-BC0Ë<
(-/�4K"S(*&8@A"	73a% '@�/A?*(*"	&8 d(*&)/�0�"S?*/` 3+� C<�2�"	a%0*0O&8"	 ¤(*"	&1780�+	:
(*=3/g?O/�0-+�78a3(*&)+� m:Pa% '@�(*&)+� m"	 %$s(*=%/gM'"S?O"	4K/A(-/A?O&�D�"�<
(*&)+� y+	:9(*=%/ } "	@*E�2	?*+�a% %$�l � =3/.M%?*/�71&84K&8 %"S?OB#71&):J/�<
(*&846/�0e"	 '$5(*=3/�&)?9a' %@�/A?*(*"	&8 d(*&)/�0`"S?*/��
��tu; � v%) �

�
+�!�+ u �

�
�����`tL�	�ü
��

�
v u �

�
��¢	�`tL�	�1���

�
vpM�0

�
��tu; �� v%) �

�
� �@? u �

�
� ?s!`tL�	�ü
��

�
v u �

�
�@!	¢`tL�	�1���

�
vpM�0

�
��tu; � v
��tu;e�� v ) �

�
�@��! u �

�
�@+�+`tL�	�ü
��

�
v u �

�
��¢��`tL�	�1���

�
v
�

�b����� � �������  ��� �:� �b� ����� �L�g�!	��
��� � 	h� ���8����� �� 	

� =3/p�%"#C�i��9��46/�"	0Oa3?*/�46/� d(Q�£�S��&80 } "	0-/�$�+� �$'"S(*"H@�+�7878/�@�(-/�$�&8 T�����Z�R"	 %$T�����	�h"S(�@�/� [(-/A?*<�+	:1<>4K"	0O0
/� 3/A?*2�&)/�0H 3/�"S?9(*=%/#" � ?*/�0-+� '"	 %@�/	l � =3/¤78a%4k&8 3+�0*&)(µBka%0-/�$n&8 .(*=3/¤"	 '"	7)B�0O&80e@�+	?*?*/�0*MN+� '$%0`(-+k" } +�a3(
�[�S�.E$" � ~ }&%} $3/�@A"�BC0Al � =3/ }&%} $3/�@A"�Bq@�+� [(-/� d(�&8 n(*=3/F0*"	46M'7)/F&80Bl'?O0-(*78B_/� '=%"	 %@�/�$#a%0*&8 %2k(*=3/
0-(*"	 %$%"S?w$T�H"}CLi��H� } <�(*"S2	2�&8 323l � =3/H;�$3/�@A"�BT�	/A?*(-/�YT&80p&)(-/A?O"S(*&)�	/�78B6?*/�@�+� %0-(-?Oa'@�(-/�$ } "	0-/�$k+� T(*=3/
M'"S?*(*&8@A78/6?O"SM'&8$%&8(>Bn"	 '$zM'"S?*(*&8@A78/K&8$3/� d(*&ml�@A"S(*&)+� z&8 @�+� Zo-a' %@�(*&)+� #G9&)(*= (*=3/6+�a3(-M'a3(¤+	:�(µG�+q 3/�a3?O"	7
 3/A(>Gp+	?*EC0Al � =%/�l'?O0-(� 3/A(µG�+	?OEstuiQ¡('%" � vh0-/AM�"S?O"S(-/�0�M%?w&84K"S?*B,M�"S?*(*&8@A7)/�0�:P?*+�4 0-/�@�+� '$%"S?*B } "	0-/�$
+� k(*=%/�&)?�&84KM'"	@�(bM'"S?O"	4K/A(-/A?O0�"	 '$K(-?O"	@OE6?O"SM'&8$%&8(>B	l � =3/90*/�@�+� %$k 3/A(µG�+	?OEntu;Q�)'%" � v�0-/AM'"S?w"S(-/�0p;
$3/�@A"�B_M'"S?*(*&1@A7)/�0p:J?*+�4 � $3/�@A"�B_M'"S?*(*&1@A7)/�0�a'0*&8 32�(*=3/R&846M'"	@�(QM'"S?O"	4K/A(-/A?`G�l£?�l£(Al�(-+F(*=3/R0-/�@�+� %$%"S?OB
�	/A?*(-/�YcD'(*=3/¤4K+�46/� [(*a'4x+	:�(*=3/RM'"S?*(*&8@A78/�&8 .(*=3/�;�<�?*/�0-(H:J?O"	4K/�"	 %$5M'"S?*(*&1@A7)/R&8$3/� d(*&ml�@A"S(*&)+� �l

��!¤�



P
r
H
E
P
 
h
e
p
2
0
0
1

���������	��
��������
����Æ�`�������V�1�	�� �"!#����$ � ��� �����(���*)+�-, VR/� % %/A(*=���0-(-/A? } /A?*2

� =3/b;Q��'|" � &80�a'0-/�$�(-+e?*/�$%a'@�/

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

20000

0 0.2 0.4 0.6 0.8 1

B+/B-

B0

Bs

Λb

bg

B+ BHBN network

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

20000

0 0.2 0.4 0.6 0.8 1

B+/B-

B0

Bs

Λb

bg

B0 BHBN network

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 0.2 0.4 0.6 0.8 1

Bs

Λb

bg

B+/B-
B0

B+ BHBN network

P
ur

ity

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 0.2 0.4 0.6 0.8 1

Bs

Λb

bg

B+/B-
B0

B0 BHBN network

P
ur

ity

preliminary
DELPHI

preliminary
DELPHI

J
K LUN�OQP���T ðªÚ6½�Ñ Ó ÐÖÉ6¿6¿`½KÁOñ8½KÍ�Ë²Ô#È�Ê�Ù(Ñ ×Ø ÐíÉ6¿�¿V½�Á�ÁLÃÛë�Ú�Ë�ÔrÊ6Ì�Ù�½
Ì�É�ËB¿6É�ËGÍíÁLÌ1Å ËBÚ6½lÑ ÄL¿`½�Â&ÃÛ½�ÄäÃ�Ù�½KÊ�ËLÃ �VÂ�È ËLÃÛÌ�Ê=Ê6½&Ëü¾rÌ�ÁpXãÃÛÊùËBÚ6½
áOåoæ�çoè�éªÈ%Ê�È�ñ8ß�ÄLÃÛÄ�ï��OÜ�½�ÁLñ�È%Ã�ÙDÌ�Ê(ËLÚ�½�Ù6È Ë²ÈÇÃÛÄ�ËLÚ6½eÂKÌ�ÅÇ¿`Ì�Ê6½�Ê1Ë²Ä
Ì%ÍÆÜ È%ÁBÃ8Ì1É�Ä�Ñ Ú�È�Ù6ÁLÌ1Ê ÄL¿V½	Â&ÃÛ½�ÄDÈ%Ê�Ù ËBÚ6½ÞÊ6Ì1Ê�W Ý��ÝfÝ�È�ÂYX�ë�ÁBÌ�É�Ê�Ùxï
ðªÚ6½#ñÛÌ ¾o½�Á�¿6ñ8Ì�ËBÄ�ÄLÚ6Ì ¾ ËBÚ6½�ÁB½Kñ�È ËBÃ8Ü1½rÁB½KÅ^È�Ã8Ê6ÃÛÊ6ëqÍíÁ²È�Â�ËBÃ8Ì1ÊµÌ�Í`½	È�Â²Ú
Â&Ì1Å+¿`Ì�Ê�½KÊ�Ë�È Í�ËL½�Á�È�Â&É�ËvÈ%Ë�È�ÂK½KÁLËBÈ%ÃÛÊeÜ È�ñ8É6½ªÌ�ÍVËBÚ6½ªÊ6Ì�Ù�½#Ì�É�ËB¿6É�Ë	ï

(*=3/ } &8"	0.+� �(*=3/z?*/�@�+� %0-(-?wa%@�(-/�$�;
$3/�@A"�B|7)/� 32	(*={$%a3/q(-+s&8 %@A78a'0*&)+� s+	:
� $%/�@A"�B�M�"S?*(*&8@A7)/�0Al � =%&80 } &8"	0n&80
:Pa%?*(*=3/A?5?*/�$%a'@�/�$ } Bj/�Y�M�78&8@A&)(*7)B�?*/�<
46+��C&8 32_M'"S?*(*&1@A7)/�09:P?*+�4 /�Y3@A78a%0*&)�	/�78B
?*/�@�+� %0-(-?wa%@�(-/�$#��46/�0-+� '09:P?*+�4 (*=3/
�	/A?*(-/�Y "	 %$�D¤&8 @A"	0-/s"j2	+d+C$ 7)/AM3<
(-+� 5@A"	 %$%&8$'"S(-/h&80�:P+�a% %$�D�(-+6a%0-/h(*=3/
7)/AM%(-+� C<>� 46/�0*+� s�	/A?*(-/�Ycl � =3/5$3/�<
@A"�BI7)/� 32	(*=�?O/�0-+�78a3(*&)+� ¤&80�+� I"��	/A?O"S2	/
" } +�a3(k¢�!S� A 45l � =3/,; /� 3/A?*2	By&80
/�0-(*&84K"S(-/�$ :P?*+�4 (*=%/kM'"S?*(*&1@A7)/K:P+�a3?-<
�	/�@�(-+	?O05Gp/�&)2�=d(-/�$ } Bm(*=%/qiQ¡('|" �
 3/A(>Gp+	?*En+�a3(-M'a3(Al � =3/I;�/� 3/A?*2	Bn&80
:Pa%?*(*=3/A?�@�+	?*?O/�@�(-/�$k+� T"�=3/�4K&80*M'=3/A?*/
} "	0*&809:J+	?h(*=3/I4K&80*0*&1 326/� 3/A?*2	B	l � =3/
;�/� 3/A?O2	B,?*/�0-+�78a%(*&)+� n&10e+� #"��	/A?O"S2	/
" } +�a3(k¢�l !��h/Qj :P+	?k"	 s"��	/A?O"S2	/#;
=%"	$3?*+� m/� 3/A?*2	Bs+	:f!	¢��h/Qj &8 m+� C<
0*=3/�787 " � $3/�@A"�B�0Al � =3/k; � "	 %$ ; ��
46/�0-+� %0p"S?*/Bl� %"	787)BI&8$3/� d(*&ml'/�$Ka'0*&8 32
(*=3/`+�a3(-M'a%(�+	:�"R0-Mc/�@A&8"	73 3/�a%?O"	7C 3/A(Ë<
G�+	?OE�D�0-/A/� F&8 #��&)23l�!�D	G9=3/A?*/p(*=3/Q$3/�<
@A&80*&)+� I&80 } "	0-/�$�+� I(*=3/piQ¡('%" �  3/A(Ë<
G�+	?OEk+�a3(-M'a%(�Gp/�&)2�=d(-/�$50-/�@�+� %$%"S?*Bk�	/A?*(-/�Y.@w=%"S?*2	/	D3(*=3/�@O='"S?*2	/�"	 %$
	�"��	+�a%?p+	:�7)/�"	$%&8 %2¤:P?O"S2�46/� C<
(*"S(*&)+� KM�"S?*(*&8@A7)/�0AD	(*=%/9=3/�4K&80*M'=3/A?*/p/� 3/A?*2	B6"	 %$60-/A�	/A?w"	7'r�a%"	 [(*&8(*&)/�0�&8 %$%&1@A"S(*&8 32h(*=3/`?*/�@�+� %0-(-?wa%@�(*&)+� 
rda'"	78&)(>B."	0eGp/�787�"	09(*=3/�@O=%"S?O2	/�@�+	?*?*/�71"S(*&)+� 5G9&)(*=.(*=%/R+	M%Mc+�0*&)(-/�=3/�4K&10-M'=3/A?*/	l

� (�(*=3/�Gp+	?*EC&8 32TMN+�&1 [(ADNG9&)(*=q"

0

200

400

600

800

1000

1200

1400

1600

0 1 2 3 4 5 6 7 8 9 10
τB(ps)

bg

B+

B0

Bs

Λb

0
50

100
150
200
250
300
350
400
450

0 1 2 3 4 5 6 7 8 9 10
τB(ps)

bg

B+

B0

Bs

Λb

DELPHI
preliminary

DELPHI
preliminary

J
K LUN�OQP���T ç�ÁBÌ�¿`½KÁ�Ù6½�ÂKÈ�ßÞËLÃÛÅ+½�ÍíÌ�ÁeÑ Ó ÐíñÛ½&Í�Ë²Ô�È%Ê�Ù*Ñ ×Ø ÐíÁBÃ8ë1Ú1Ë�Ô
ÂKÈ�Ê�Ù�Ã�Ù6È ËB½�Ä^ÃÛÊ ËLÚ6½�áqåvæ�çvè-éNô�ÿ1ÿ�� Ù6È%ËBÈ6ïîðªÚ6½AÁL½	Ä�É�ñjË�Ì�ÍOËBÚ6½
ñ8Ã8Íí½&ËBÃ8ÅÇ½`��Ë#ÍíÌ�ÁªËLÚ�½�Ù�Ãjì�½KÁB½KÊ�Ë�Â&Ì1ÅÇ¿VÌ1Ê6½KÊ�ËBÄªÃ�Ä�ÄLÉ6¿`½KÁBÃ8ÅÇ¿`Ì1ÄL½�Ùxï

?��T �M'a%?O&)(>B	D%�@? �C�A�T; � "	 %$z��+���!��
; �� =3/�4k&80-M'=3/A?O/�0,"S?*/ (*"S2	2	/�$ "S(#"
�(��"	 %$T�¤  /�T@A&)/� '@�B�?*/�0*MN/�@�(*&8�	/�7)B	l
� =3/578&):P/A(*&846/T&80I/�Y�(-?O"	@�(-/�$�a%0*&8 32q"
} &8 % %/�$�@O=%&)<>0*rda'"S?*/
l'(L(-+H(*=3/�M%?*+	Mc/A?
$3/�@A"�B�(*&846/�0K"	0_0*=3+�G9 } B ��&)23l#�3l
� =3/�46+�0*(90*&)2� %&�l�@A"	 [(`0-BC0-(-/�4K"S(*&1@A"	7
a% %@�/A?*(*"	&1 [(*&)/�0�"S?*/b?*/�78"S(-/�$�(-+eM'=dB�0*&1@A0
46+C$3/�78&8 323D�(*=3/�/A�	/� d( } <�(*"S2	2�&8 32h"	 %$
(-+f(*=3/y;�<>0*MN/�@A&8/�0q %/�a3?O"	7I 3/A(>Gp+	?*E
Mc/A?*:J+	?w4K"	 %@�/R"	0QG�/�717N"	0Q(-+6(*=%/h?O/�0Ë<
+�78a3(*&)+� ¤:Pa' %@�(*&)+� �:P+	?�(*=3/�M%?O+	MN/A?L$3/�<
@A"�B_(*&846/h"	 %$_(-+�(*=3/Ra% '@�/A?*(*"	&8 d(*&)/�0�+� _(*=3/�=3/�4K&10-M'=3/A?*/9?*/�@�+� %0-(-?Oa'@�(*&)+� .rda%"	71&)(>B	l � =3/h/�YC(-?O"	@�(-/�$
M%?*/�78&14K&8 %"S?*BK71&):J/A(*&146/�0`"	 %$5(*=3/�&8?e0-(*"S(*&80-(*&8@A"	7�"	 %$,0-BC0-(-/�4K"S(*&8@A"	7La% %@�/A?*(*"	&1 [(*&)/�0`"S?O/��

� �I�



P
r
H
E
P
 
h
e
p
2
0
0
1

���������	��
��������
����Æ�`�������V�1�	�� �"!#����$ � ��� �����(���*)+�-, VR/� % %/A(*=���0-(-/A? } /A?*2

��tu; � v%) �
�
+�!C� u �

�
�3��¢`tL�	�ü
6�

�
v u �

�
��¢C�btL�	���	�

�
vQM'0

�
��tu; �� v%) �

�
�Z� + u �

�
�3���`tL�	�ü
6�

�
v u �

�
�@!	�`tL�	���	�

�
vQM'0

�
��tu;e��v
��tu; ���v ) �

�
���Z� u �

�
�3� ?QtL�	�ü
6�

�
v u �

�
��¢@?QtL�	���	�

�
v
�

��� ���>� 	 � ��� ���/���~� � ���_���

� �S"	&878" } 7)/e46/�"	0*a3?O/�46/� [(*0�+	:�;s=%"	$3?*+� k78&):P/�<

0.7 0.8 0.9 1 1.1 1.2

lifetime ratio

τ(b baryon)
/τ(B0)

0.781±0.034
0.9 - 1.0

τ(Λb)/τ(B0) 0.795±0.053
0.9 - 1.0

τ(Bs)/τ(B0) 0.947±0.038
0.99 - 1.01

τ(B−)/τ(B0) 1.068±0.016
1.0 - 1.1
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