
ar
X

iv
:h

ep
-e

x/
00

01
06

1 
v2

   
3 

Fe
b 

20
00

� ��� �����
	������� ��������������

�
�������! #"%$'&(&*),+� .-0/21*-03
4�5(687(4�9;:=<�>?9@7(5(:=:=A
5B$'CD E$'FGA
H*I'IJH*ILK / M0)ON��*3P)�QSRT-PUOUV-XW�-Y1*-?ZGA=[
��9;<\W^]

_ `^a 	
�=bdc�e�@	=�Gb a

f�gih2j�k?l�m*h.lGnpoDq�m'lGkPj�rtsOlGnpjVl�uvl�oDwYl�xywYq{z(h|oGj}sOkYq{~�wYg(l�jVl�r�kPoPg(l�j�z�lGk�sOq{kY~8l�x�r�w�f�lGmJr�w?k?qJ���
��������rT��xL�B�=�=�*�@�;lGw�rThvu|j^q{��w?gil�x(r�wPr�j?r�~8z(u.l�j
rT��rTuv�ijVl�x�r�w�wYg(l�w?h.~8l�q�s�wYg(l�oDq{�!sOlGk?lG��oDl
r�k?l��{h.m'lG��hv��fSrT�(u.l��J�

oDq{u.uvh2x!lGk lG�*z�lGkYhv~8l��*w�j ��l�rT~Lj � � z�l�k?hvq!x �; �lG�*ziw
¡ z(�£¢(¤0¥

f�l�m{r�w?kYq{� ¦@��§� ���¨ © © �{�«ª%f�lG¬ «ª¯®J '±°J² ³p�{��¨
���=��� ���T J´B�=µ�¶ ·!¸£© ¹J¨{¨8º�lG¬ «°T»! '±°'® ³¼»�¨

· ¢ © ¹!�Gª8º�lG¬ «°{ª' '±°J° ³p��½
�B�=�=� ���B�=�=�� ������B����¾ · ¸ · ¢ ��¹{¨�wYq��GªJ¹dº�lG¬ «°{½' '±°'® ³¿°J¨

�B¹' {À��£��� · ¸ · ¢ ��ª{°8º�lG¬ «°{ª ³p�T®�¨
· ¸ · ¢ �G°J�¯ ��G°{²tº�lG¬ «°{° ³p�G¨J½

fSrT�iuvl��{Á%��r�wPr�jYrT~8z(u.l�j�r���rTu.�(j�l�xÂsOq{kÃw?g(l�±°J°tj�Ä(~8~8lGk�o0q{�*sOlGkYlG��oDl�j}�!��lG�!z�lGk?h.~8lG�!wPj�rTw
f�lGmJrTwYk?qJ�������=���ÅrT��x��B�=���!�Æf�gildu|r{j�w�oDq{u.Ä(~8���Jhvm'l�j�w?g(l�hv�!w?l��{kPr�w?l�xÇuvÄ(~8h.�(q'j�hvw���z�lGk
l��*z�lGkYhv~8lG�!w^sOqJk;l�rJoÈg�q�s
wYg(lÃx(rTw�rÉw�rTÊ!hv�(��z�lGk?h.q!x(jD�

Ë;l�nÅz�rTkYw?h|oDuvl�jVl�rTkPoPg(l�j�rTkYlÇx*q{~Xhv��r�w?l�x��!�Ì�B�=�Ín�g(q'j�l�k?l�j�Ä(uvw�j�o0q{~8l�~8q�jVw?u.�ysOk?qJ~
xirTwPr�Ä(z�w?q���ª{°Éº�lG¬�l��(oDl�z(w^sOq{kÎjVq{~Xl�Ä(zBx(rTwYl�j^sOk?q{~Ï«°{°�x(r�wPr�Ä(z�w?q��G°J²Éº�lG¬%�*¦=qJ~��ihv�(l�x
kYl�jVÄiuvwPj£sOk?qJ~ÐwYg(l;�B�=��lG�*z�lGkYhv~8l��*w�j£rTu|jVq�l��*h|jVwSq{��jVqJ~8l�j�Ä(�!Ñ?l�oDw�j^r���x%rTkYl�x*lG�(qJw?l�xÃ������ÀÃ�

�ÒsOwYlGk@r��(k?h.lDs�qJÄ(w?u.hv�(l�q�sSw?g(l�jVl�r�kPoPg(l�j
q{�XlG�*qJw?h|o�z�rTkYw?h2o0uvl�j0�¯kYl�jVÄiuvwPj
qJ�8j�Ä(z�lGkPj��*~8~XlGw?kYh2o
z�rTk?wYh2oDu.l�j�rT��x��;h.�{�'j���q'j�q{��j
r�k?lÓx*lGwPr�hvu.l�x£���;u.u{lG�ioDu.Ä�jVh.q{��uvh.~8hvw�j�r�k?lÓrTwSw?g(l@°{½'Ô¼¦=q{�*ÕBx!lG��oDl
��l�m'lGuÖ�

× ØÚÙ b�	���Û���Ã�Î	=��;�����

¶�l�rTk�oÈg(l�jÓsOqJk;lG�!q{wYh2o�z�r�k?w?h|oDuvl�j�lG��oDqJ~8z�r{jYj;r��{k?l�rTw�m{r�k?h.lGw��8qTs@w?qJz(h2o�jD�BjVÄ�oPg�rJjÒwYl�oÈgi�(h2oDqJuvqJk
z�rTk?wYh2oDu.l�j@ÜÝ�DÞß�T�ilGn�´ST��q'j�q{��j�Üà�!�{¹�ÞÖ�TsOqJÄ(k^sOlGkY~8hvqJ��o0q{�!wPr{o0w^h.�*wYlGkPrJoDw?h.q{��j@Üá»i�'¹TÞß�{�(lGn��{l��(oDh.w?l�x

�



qJk�lG�!q{w?h|o^sOlGk?~8h.q{��jSÜ ½TÞÖ�Gu.lGz(wYq � Ä�r�k?ÊijD�=¦=q{��j�w?kPr�hv�!wPjSrTkYl�x!lGk?h.m'l�x;r�w^wYg(l=w?g(kYlGl=oDqJuvu.h2x*lGk�j�lGh.w?g(l�k
sOkYq{~ x*h.k?l�oDw�jVl�rTkPoPg(l�j�q{k�sOk?q{~ oDqJ~8z�r�k?hv�i��z(kYl�oDh|jVl�~Xl�r{j�Ä(k?lG~XlG�'wPj=n�hvw?g�¶�wPrT��x(rTk�x��tq!x*lGu
¡ ¶��y¥=lG�!z�l�oDwPr�w?h.q{��j0�

��j�rT� hvu.uvÄ�j�w?kPr�w?h.q{���=w?g(l oGr{j�ltq�s�uvlGziw?q � Ä�rTkYÊ ¡ ����¥%j�l�rTk�oÈg(l�j�h2j�x*lGwPr�hvu.l�x£� f�g(ltz(gil��
�iq{~8lG�iq{uvqJ�{��q�s�uvlGz(wYq � Ä�rTk?Êij�h|j�x*l�j?oDkYhv�(��l�x��*��wYg(k?l�l�z�r�kPr�~8lGw?l�kPjDÁ	��
�^�Sw?g(lt���p~�rJj?j0�
����� rT��x�� � ��wYg(l8���Ío0q{Ä(z(u.hv�(�XrT��xt�(kPr���oÈgihv�(�8k�rTwYhvq8h.�*wYq8r��Jhvm'lG��z�r�hvk�q�s�¶�� uvl�z(w?qJ��rT��x
� Ä�r�k?ÊB� ¡ uÖ� � ¥�����l�jVÄ(u.wPjÃrTk?lXhv�!w?lGkYz(k?lGwYl�x�lGhvwYg(lGkÃr{jYjVÄ(~8h.�(��uvl�z(w?q � Ä�rTkYÊ(j�w?q���l�oDq{Äiz(uvl�xÇw?q
rXjVhv�i�{uvl8¶�� �JlG�(lGk�rTwYhvq{� �£n�hvwYgtÕ��*l�x�� � ¡ rJj;hv��wYg(l������ ~8q!x*lGuÓÜà²�Þ,¥@q{k�hv��~8q{kYl��{l��(lGk?h|o
~Xq!x*lGu2j0�*n�h.w?g�� � mJrTk?h|rT�(u.lÃrT��x�z�q�j?j�hv�(u.l�~8h.�*l�x�oDqJÄ(z(uvh.�(�'j0�

oDq{u.uvh|x*lGk ���¼w��!z�l rJj?jVÄi~8z(w?h.q{��j uvh.~8hvw ¡ º�lG¬Ã ���È¥ o0q{Ä(z(u.hv�(��j
f�lGmJr�w?k?qJ� ��jVw��JlG������� ���! Ã� �T»�� rT�!� � � �
f�lGmJr�w?k?qJ� �T��x8�{l����Ò��� �#"$ Ã� �{¨J� r��*� � " �
f�lGmJr�w?k?qJ� ¹Tk�x8�{lG������� �&%(') Ã� �D»�° r��*� � %*' �
f�lGmJr�w?k?qJ� ¹Tk�x8�{lG������� ��+ �� °J° rT�!� � + �
���=��� ��jVw��JlG������� ����� ~Xq!x*lGu �{²J½ � � �  ¨�,±¹
�B�=�=� �Gj�w;qJk�����xd�JlG����¶ ¤.- / ����� ~Xq!x*lGu ¹¯®�¨ � ���  ¨�,±¹

fSrT�iuvl��*Á���hv~8h.wPj�q{� uvlGziw?q � Ä�rTkYÊ(j�sOkYq{~ f�lGmJrTwYk?q{� �����=�;� rT��x��B���=�!� ¶'z�l�oDhEÕBo�mJrTu.Ä(l�j
g�r�m'lX��l�lG� r{j?j�Ä(~8l�x�sOq{k%w?gilt���Ï�(kPr���oPg(hv�(��kPr�w?hvq�j�r���x� �q{kXoDq{Ä(ziuvhv�i�'j�w?q�¶�� z�rTkYw?h2o0uvl�j0�
�
kYl�oDh2j�l�~8l�rJjVÄ(kYlG~8lG�!w
r�w��B���=�%r�uvuvq�n w?q�zik?q{��l�gihv�{gX~�r{jYjVl�j
hv�XjVqJ~8l�jVz�l�o0hÝÕBo�oGr{j�l�j�qJ�(uv���

f�g(l�oDÄik?k?l��*wÃoDqJ��jVwYkPrTh.�*w�j�hv��wYg(l�Õ�k�jVw�r�z(z(k?q�r{oPg Ü#®'� ªTÞÓrTk?lLjVÄ(~8~LrTk?h10Gl�xth.� f^r��(uvlL�*�
f�gil%hv�!w?lGkYz(k?lGw�rTwYhvq{��h.���{lG�(l�k?h2o�~8q!x!lGu2j�g�r{j���lGlG��z(hvqJ�(lGlGkYl�xd�!������Ü±®GÞÖ����j�rT�ÇlG�(r�~8z(u.l'�
§Shv�{Äik?l8�ÃjVgiqTn�j�wYg(l�kYlG�{h.q{��j�lG�ioDuvÄ�x!l�x8�*�����ÃrT��x���ÀÐh.�tw?gil�z(u|rT�(l	� 
� mij2����sOqJk;Õ�k�jVw
�JlG�(lGk�rTwYhvq{�Çuvl�z(w?q � Ä�rTkYÊ(j0�8���=���ÍjVlG��jVhvwYhvm!hvw���lG�!w?lG��xij�x*q�n���w?q�j�~�rTu.u3����lGm'l��dsOq{k\jV~�r�uvu
o0q{Ä(z(u.hv�(��jD��-G�54!��sOqJk6�7�%³ �G¨¯Ô rT��x � � � ³ ¨8,«¨{½tu.lGz(w?q � Ä�r�k?ÊÇ~�r{jYjVl�j�Ä(z�w?qÇ�J¨{¨yº�lG¬� 9���
r�k?l%lG�ioDu.Ä�x*l�x£��f�g(l%h.�*wYlGk?l�jVw?h.�(�XoGr{j�l�qTsÓ~8hv�!l�x8o0q{Ä(z(u.hv�(��j;g�rJj�rTu|jVq���lGlG�ÇjVwYÄ�x*h.l�x�Ü±®GÞÖ��f�q
o0hvw?l�q{�(l�k?l�jVÄ(u.wG�*u.lGz(wYq � Ä�r�k?Êij�n�hvwYg�oDq{Äiz(uvh.�(�'j�wYq%��qJw?g ¡ l'� � ¥@r���x ¡(: � � ¥=g�rGm'l���lGl���sOq{Ä(��x
wYq ��l�l��(oDu.Ä�x*l�x n�hvwYgÚr�j�lG��j�hvw?h.m*h.w��Æj�hv~8h.u2r�k%w?q w?g�r�w � Ä(qJw?l�x sOqJk�z(Ä(k?ltÕ�kPjVw��JlG�(lGk�rTw?h.q{�
u.lGz(wYq � Ä�r�k?ÊijD�

; < e��������>=�? ? �;	
����Û���Ã�Î	=��;�����

��uvu@jVÄ(z�lGk�jV�!~8~8lGwYk?h.o�z�rTk?wYh2oDu.l8j�l�rTk�oÈgil�j�rTk?lLoDq{��x!Ä�oDw?l�xyn�hvwYg(hv��wYg(l@�thv�(h.~�rTu�¶�Ä(z�lGkPj��*~A�
~XlGw?kYh2o�¶'wPr���x(r�kPxB�tq!x*l�u ¡ �y¶(¶��y¥�n�hvwYg8rJx(x*hvwYhvqJ��rTuBr{jYjVÄ(~Xz(w?h.q{��j^wYqÃx*l�oDkYl�r{j�l�w?g(l��*Äi~���lGk
q�s^sOkYlGl�z�r�kPr�~8lGw?l�kPjD� �;lGz�lG��x!hv�(�%qJ�tw?giq'jVlÃrJj?jVÄi~8z(w?h.q{��j0�*wYg(l�z(g(lG�(qJ~8lG�(qJuvqJ�{�Xx*hDCBlGk�j�rT��x
j�q%x*q�wYg(l;l��*z�lGkYhv~8lG�!wPr�u(j�hv�J��rTwYÄ(k?l�j0�=�Òw z(k?l�j�lG�!wG�'w?g(kYlGl�w?gilGq{kYlGw?h|oGrTu*sOk�rT~8l�n�q{kYÊ(j rTk?l�jVwYÄ�x��
h.l�x£�

�



0

0.2

0.4

0.6

0.8

1

75 100 125 150 175 200 225 250 275
MLQ (GeV)

β(
L

Q
 →

 e
 +

 q
)

D0 combined Limit
H1 limit ( λ=0.1 )
H1 limit ( λ=0.05 )

(NC data only)

EXCLUDED

Scalar LQ coupling to e+ + d

(a)

H1

0

0.2

0.4

0.6

0.8

1

75 100 125 150 175 200 225 250 275
MLQ (GeV)

β(
L

Q
 →

 e
 +

 q
)

D0 combined Limit
H1 limit ( λ=0.1 )
H1 limit ( λ=0.05 )

(NC data only)

EXCLUDED

Scalar LQ coupling to e+ + u

(b)

H1

§Shv�{Äik?l��{Á�¦=q{��j�w?k�rThv�!wPj�q{��Õ�kPj�w;�JlG�(lGk�rTwYhvq{��uvlGziw?q � Ä�rTkYÊ(j�sOkYq{~ ����rT��xt��ÀÃ�B§�qJk �  ¨8,.�{�
wYg(l�lGk?kYq{k���r���x(j�hvu.uvÄ�j�w?kPr�w?l�w?gil�j�lG��j�hvw?h.m*h.w��%w?q�xtr���xdÄ � Ä�rTkYÊ�x*lG��jVhvwYhvl�j0�

����� �����
	���������
����� �����

f�gil�~8q�jVw oDq{~8~Xq{�;sOk�rT~8lGn@q{kYÊ�r{jYjVÄ(~8l�j^� �Öz�rTk?h.w���o0q{��j�lGk?mJrTwYhvqJ��rT��x%j�qTsOw=j�Ä(z�lGkPj��*~8~XlGw?kY�
�ik?l�r�Ê*h.�(�t~8l�x*h2r�w?l�x��*�Ç�{k�r�m!hvw��'��¶'qTsOw%�ik?l�r�Ê*h.�(��w?lGkY~�j�rTkYl8w?g!Ä�j�Ä(�(hÝÕ�l�xyr�w%g(hv�Jgyl��(lGk?�J�
¡ w?g(l\jVq��oGr�uvu.l�xÂº�µ�fÚjYoGrTu.l{¥ÓrT��x�w?g(lÃ�*Ä(~���lGk�q�s=sOk?lGl�z�r�kPrT~XlGw?lGk�j�h2j�k?l�x!Ä�oDl�x�w?q%Õ�m'l'Á=w?g(l
o0q{~8~8qJ�8jÖsOlGk?~Xhvq{� ¤ ~�r{jYj�w?lGkY~ÏrTw�º�µ�fÚj?o�rTuvl��(~��0��wYg(lÃoDq{~8~Xq{�8��rTÄ(�Jhv�(q8~Lr{j?j�wYlGk?~ rTw
º�µ�f j?o�rTuvl��¯~ ¤�� � �*wYg(l�oDqJ~8~8qJ��wYk?hvu.hv�(l�rTk@oDq{Äiz(uvh.�(�%r�w�º�µ�f jYoGrTu.l'�(�����*wYg(l��;h.�{�'j�~Xhv�!hv�(�
z�rTkPr�~8lGwYlGkG���
��r���x wYg(ltk�rTwYhvqÇqTsÃw?g(l�w�n�q �;h.�{�'j�x*qJÄ(�(uvl�w�mJr{o0Ä(Ä(~ lG�!z�l�oDwPr�w?hvqJ� m{r�uvÄ(l�jD�

 �!#"%$'&)(+*-,'./"10324"%*+576
"1.3(-8:9;8+"<&�8-,'6
"%=?>4&)(A@B5DCE"1*-"1.3(F&G.B@/6
,'*-"�H1,I.B8+(-*J&)57.B"%@K8+H�>B"16�"'L�H�&)M7M7"1@N6�57.B576<&�M
8+9B2O"1*+PI*J&�$357(RQTSU6�V3W:XZY?[:\%LB=?>B57H�>/@B"�]4.B"%8�6<^�&G8�&
H%,'6
6�,'.�8+H_&GM`&G*a6<&)8-8�(-"1*+6b&)(A(+>B"
XcW�!d8-H_&)M7"e&).B@
&)8+8-9B6
"%8?5f.�&)@B@;5f(-57,'.
*�&)@B5U&G(+57$'"agihj8+Q36
6�"1(+*-QlkB*-"_&)m357.BPOL38+,e(+>O&)(?n/5f8o]403"1@p9;2<(-,
&�8-57P'.�q

¹



w�rT� �=�
f�g(l�z(g(l��(q{~8l��(q{u.q{�{�Çr�w�uvq�nÐlG�ilGk?�J��h2j�x*lGkYhvm'l�xtÄ�j�hv�(��k?lG�iq{k?~LrTuvh|j?r�w?hvqJ���{kYq{Ä(z�l � Ä�r)�

wYhvqJ��jD��f�g(l%uvh.�{g!w?l�j�w�j�Ä(z�lGkPj��*~8~XlGw?kYh2o�z�rTkYw?h2o0uvl ¡ ��¶!��¥�h2j�hv��~8q'j�w�o�r{jVl�j;w?g(lÃuvh.�{g!w?l�j�w;�(l�Ä8�
wYkPr�uvhv�iq(���� � ¤ �=��Ä(l�w?q�� �Öz�r�k?h.wV�XoDqJ��jVlGkYmJrTw?h.q{����j�z�rTkYw?h|oDuvl�j@rTkYl�z(k?q!x!Ä�oDl�x8hv��z�r�hvk�j�rT��x�x*l�o�r��h.��w?g(lGh.k;¶�� z�r�k?w?�ilGk�rT��x�r�jVz�r�k?wYh2oDu.l'�
��w�wYg(l�lG��x8qTs w?g(lÃx*l�oGrG�8oPg�rTh.���*wYg(l%��¶!��rTziz�l�rTkPj
r���x£�!r{j=hvw
h|j=jVwPr��(uvl��{�{h.m'l�j^k?h|jVl�w?q�~8h|j?jVh.�(��lG�(lGkY�{�'� �Òl�j�Ä(uvw�j
q{�XrTuvuiwV�!z�l�j
qTs�jVz�r�k?w?h|oDuvl�j^g�rGm'l
��lGl��dkYlGz�q{kYw?l�x�rTw�w?gil�o0q{�*sOlGkYlG��oDl��

�������	� 
�� ·�����������

¦=g�rTk?�Jl�x�jVu.lGz(w?qJ��j�r���x�u.hv�{g!w@j � Ä�rTkYÊ(j�r�k?l�j�l�rTk�oÈgil�x\sOqJk�r�w;�B�=� wYg(k?qJÄ(�{g�w?gil�x*l�oGrG�(j@jVÄ(~A�
~LrTk?h10Gl�x�hv�\f^r��(uvl�¹!�'n�g(h2oPg%r�k?l�w?gil�x*q{~8h.��rT�!wSq{�(l�jShÝs�wYg(l�k?l�j�l�rTk�oÈgil�x�j�z�rTkYw?h2o0uvl�h|j^w?gil��(lG�!w
u.hv�Jg*wYl�jVw�j�z�rTkYw?h|oDuvl'��f�g(l�lG�!z�lGk?h.~8lG�!wPrTuSj�lG��j�hvw?h.m*h.w��tx!lGz�lG��x(j�q{�Ç��qJw?g�wYg(lXj sOlGkY~8hvqJ�t~�rJj?j
r���xywYg(l�~Lr{j?j�x*hDCBlGkYlG��oDl���� ��lGw�n@lGlG��w?gil8jÖsOlGk?~8h.q{�Çr���xyw?gil8��¶!�^� f�g(l�l��*z�lGkYhv~8lG�!wPr�u
j�lG��j�hvw?h.m*h.w���jVw�rTkYwPj�sOk?qJ~���� r���q�m'l�rLsOl�nÅº;l�¬� � � rT��x oDq�m'lGk�j�j sOlGkY~8hvqJ�y~�rJj?j�l�j�Ä(z w?q
®�¨8w?q�°J¨dº�lG¬� ����x*lGz�lG��x!hv�(�8qJ��w?g(l�jÖsOlGk?~Xhvq{� ��r{j�oGr�����l�jVlGlG��h.��fSrT�(u.l�¹ÉsOq{k�wYg(l��B�=�
o0q{~��(hv��r�w?h.q{��r�w���ª{°dº�lG¬ Üà°GÞÖ�;¶�hv~8h.u2rTk@j�lG��jVh.w?h.m*h.w?hvl�j�rTkYl�kYl�r{oPg(l�x8�!�8w?g(lÃhv��x!hvm!h2x*Ä�r�u^�B�=�
l��*z�lGkYhv~8lG�!wPj�rTw��G°J²yº�lG¬ÛÜÝ��¨TÞß�y��uvu��B�=� k?l�jVÄ(u.wPj�r�k?l�x*lGkYhvm'l�xtsOq{kÃ~8hv�ihv~�r�u^z(kYq!x*Ä�oDwYhvqJ�
o0k?q'jYj � jVl�o0w?hvqJ��j�rT��x�g(lG��oDl�g�rGm'l�r��JlG�(lGk�rTu�mJrTu.h2x*h.w��'�

lG�!z�l�k?hv~XlG�*w j sOl�k?~8h.q{� x*l�o�r�� qJ��jD�=uvh.~8hvw lG�!z��
uvh.~8hvw ���
¡ º�lG¬� 9� � ¥ ¡ º�lG¬� 9� � ¥ ¡ º�lG¬Ã � � ¥

������À � l�� l �� � ¤ ª{° °{¨ �Ú��½
��ª{°8º�lG¬ �� � � ��

�
¤ ªT» ª{¹ �Ú��½

�: � : ��
�
¤ ®'� ®{® �Ú��½

������À � w ¤ o��� � ¤ ª¯® ªT» �Ú��¨
��ª{°8º�lG¬ � w ¤ ��u��! °{¨ ª¯® �Ú��¨

�� ¤ �"��
�
¤ ª{¨ ²{ª �Ú��¨

¦@��§ � w ¤ o��� � ¤ ª{° � �Æ»�¨
k?Ä(� ¾ �� ¤ �"��

�
¤ �G¨{½ � �Æ»�¨

fSrT�iuvl�¹!Á���qTn@lGk�u.hv~8h.wPj^qJ��j sOl�k?~8h.q{��~�r{jYjVl�j0��¦=q{~��(h.�(l�x8�B��� k?l�j�Ä(uvw�j
Ä(z�w?q8��ª{°�º�lG¬¼r�k?l
�Jhvm'lG��rJj�n@lGuvu�rJjÒ¦@��§�k?l�jVÄ(u.wPj^sOk?qJ~Ík?Ä(��¾P�'f�gil��B�=��lG�!z�l�oDw?l�x�u.hv~8h.wPjSrTkYl�oDqJ~8z(Ä(wYl�x�sOk?qJ~
j�hv~�Ä(u2r�w?h.q{�tqJ�(uv���^rJj?j�Ä(~8hv�i�8�(q�j�hv�J��rTuß��f�gil�u|r{jVwÃoDqJuvÄ(~X�t�{h.m'l�j;wYg(l�k�rT�(�Jl�q�s�mJrTu.h2x*h.w��tqTs
wYg(l�uvh.~8hvw�j�lG�!z(k?l�j?jVl�xdrJj;r%~8h.�(hv~XrTuBx*h C£l�k?lG��o0l���lGw�n@lGlG�8wYg(l�~�rJj?j�l�j�qTs=wYg(lÃj sOlGkY~8hvqJ��rT��x
wYg(l%��¶!� ¡ �� � ¤ q{k#�! ¥��

��h.�{g!w�j � Ä�r�k?Êij�rTk?l�rTu|jVq�j�l�rTk�oÈg(l�x\sOqJk�rTw�f�lGmJrTwYk?qJ�ÇÜÝ�J�GÞÖ�
f�gil�lG�!z�l�k?hv~XlG�*w�rTuijVlG��jVhvwYhvm!hvw��
h|j�oDqJ~8z(uvl�~8lD�!wPr�k?�%sOk?qJ~ w?g�rTw�qTs��B�=�ÚjVh.��oDl%h.w�oDq�m'lGk�j;g(h.�{g(lGk}j � Ä�rTkYÊt~�rJj?jVl�j;r���xyj�wPr�k?wPj
r�w8g(h.�{g(lGk$���¼��r{j�hvuvu.Ä�jVwYkPr�w?l�x hv��fSrT�iuvl�¹!� ¶'l�rTkPoPg(l�j�sOq{k�g(l�rGm!� j � Ä�rTkYÊ(j8r���xÆ�{u.Ä(hv�iq'j

»



��lGu.q{�(��wYq�f�l�m{r�w?kYq{� ÜÝ�G��ÞÖ�Ãf�g(l�Õ���r�u=jVw�rTwYl�j�k?l�j�Ä(uvw;sOkYq{~ � � rT��x ���oGrJj?oGrJx*l�x*l�oGrG�ij;w?qXw?g(l
��¶¯�ÚrT��x � Ä�r�k?ÊijD�£�JuvÄ(qJ��jD�#� qJk�´Ç��q�jVqJ��jD�Ãf�g(l%z(kYl�jVlG�!w�lG�*z�lGkYhv~8l��*w�rTu£kYl�r{oPgth|j�rTkYq{Ä(��x
�J½{¨dº�lG¬Ã � � �(Ä(w�hvw�~�Ä�jVw���lÃ�(q{wYl�xdwYg�rTw�~Xq'jVw�kYl�jVÄiuvwPj�rTkYl%x*l�k?hvm'l�xÉsOq{k�jVz�l�oDhEÕBo�mJr�uvÄ(l�j�qTs
j�q{~8l�~t¶!µ�º����Æz�r�kPrT~XlGw?lGk�j ¡ ���  ¨!������¨�r���x8wPr�� �  �¯¥ n�g(h2oPg�k?l�j�w?k?h|oDwPj
wYg(lGhvk=k�rT�(�Jl
q�s=mJrTu.h2x*h.wV���

��������� ����� �
	 ������� � ��� �S·����� ��� ��� ���
��Ä(l=w?q�hvw�j£lG�ioDlGuvu.lG�!w�oDq�m'lGkPr��{l=qTsiw?gil�mJr�k?hvqJÄ�j�jVh.�{��r�w?Ä(kYl�j�qTs�jVÄ(z�lGk�jV�!~8~8lGwYk?�'�G�B�=�tz(k?q�m!h2x*l�j
u.hv~8h.wPj�q{�ÆwYg(lt~Lr{j?j�l�j%qTs�wYg(ltu.hv�{g!w?l�jVwXoÈg�r�k?�Jhv�(q rT��xÆ�ilGÄ(w?k�rTu.hv�(qÇn�g(h2oPg rTkYltz(k�r{oDwYh2oGr�uvuv�
r���jVqJuvÄ(wYl�h.�dwYg(lÃoDq{��jVw?k�rTh.�(l�x��y¶(¶�� sOkPr�~8lGn�qJk?ÊB�

�;h.k?l�o0w%jVl�rTkPoPg(l�j�sOq{k%wYg(l8uvh.�{g!w?l�j�w%oPg�rTkY�{h.�(q ���� ¤ z(k?q�m!h2x*lXuvhv~XhvwPj�q{��� ����� oDuvq�jVl8wYq�w?g(lÊ!hv�ilG~�rTwYh2oGr�u
uvh.~8hvw�h.� ~Xq'jVwÃqTs�wYg(l�z�rTk�rT~8l�w?lGk\jVz�rJoDl ÜÝ�G¨�ÞÖ� ��j ��
�
¤ oGr��(�(q{w���l�x*l�w?l�oDwYl�x£�x!hvk?l�oDw;�ilGÄ(w?k�rTu.hv�(q�j�jVl�r�kPoPg(l�j;kYlGuv��qJ��w?g(l%z(kYq!x*Ä�oDwYhvqJ�yq�s�g(l�rGm!hvlGk��ilGÄ(w?k�rTu.hv�(q�j ¡ -G�54*� �� � ¤ ��

�
�qJk ��

�
� ��

�
� ¥}rT��xywYg*Ä�j��(kYhv�(��uvhvwYw?u.l�oDq{��j�w?k�rThv�!w�qJ��� ��
� � l��(oDl�z(w�n�g(lG� wPrT� ��h2jÃoDuvq�jVl�w?q �{�

��ÄiwG�!oDq{~��(h.�(hv�(��w?g(l�kYl�jVÄiuvwPj
sOk?qJ~ ��
�
� r���x �� � ¤ jVl�rTkPoPg(l�j=z(k?q�m!h2x*l�j�r�u.hv~8h.w^qJ��� ��
� � mJr�uvh2x%sOq{ku|rTkY�{l�~ � n�g�r�w?lGm'lGk@w?g(l�qJw?g(lGk�z�r�kPrT~XlGw?lGk�j�ÜE�G¨TÞß�

§(q{k uvq�n m{r�uvÄ(l�j^qTsB~ � ¡ w?g�r�w
h2jSuvhv�Jg*w �! ¥P�{wYg(l �� � ¤ z(k?q!x!Ä�oDw?h.q{��oDkYq'jYj � jVl�oDwYhvqJ�8x*kYq{z�j=x*Äil�w?qwYg(l��(lG�'r�w?h.m'l;h.�*wYlGkVsOlGkYlG��oDl@��lGw�n�lGlG�%wYg(l�j(��oPg�rT�i�(lGu�z(k?q!x!Ä�oDw?h.q{�8zik?q!oDl�jYj�r���x�w?gil�w � oÈg�rT�(�(l�u
�! lG�(oPg�r��(�{l�x*h2r��{k�rT~�� f�g(l �� � ¤ x!l�oGrG�%hv�!w?qÃu �! ��l�oDq{~8l�j
x*q{~Xhv��r��*w@rT��x�l�j?o�rTz�l�j�x!lGw?l�o0w?hvqJ�n�gilG� �� � ¤ r���x �! rTkYl�x!lG�(lG�JlGkPr�w?l�x£� µ;��x*lGk�w?gil�jYrT~8l oDq{��x!hvw?h.q{��j0�;wYg(l ��

�
� z(kYq!x*Ä�oDwYhvqJ�h.��oDkYl�r{j�l�j ¡ ��l�o�rTÄ�j�l%qTsÓr8z�q�jVh.w?hvm'lÃhv�!w?lGk�sOlGk?l���oDl�w?lGkY~t¥=�(Ä(w�w?g(l ��

�
� x*l�oGrG��hv�!w?q ! �! q{z�lG��jD�

u.l�r{x!hv�(� w?q h.�*m!h2j�hv�(u.lLÕ���rTuÃjVw�rTwYl�jD� ��Ä(wG��uvq�n m{r�uvÄ(l�jLq�s%~ � rTu2j�qÆ~8l�rT�Æu.hv�Jg*w�j�uvlGziw?q{��jD�
n�gih2oPgÇrTk?l%wYg*Ä�j;n�hvwYg(hv��lG�!z�lGk?h.~8lG�!wPr�u�k?l�rJoÈg��%¦=q{~��(h.�(hv�(� ��

�
� � ���� ¤ rT��x

� u
j�l�rTk�oÈgil�jD�£u.hv~8h.wPj
qJ��� ����� rT��x�� ��
� � m{r�uvh|x sOqJk�� �  �¨tr���xysOq{k\rTuvu@mJrTuvÄil�j�q�s�w?g(l8qJw?g(l�k�z�r�kPrT~XlGw?lGk�j�oGrT����lx!lGk?h.m'l�xÇÜÝ�G¹(�S�D»'Þß�£rJj�hvuvu.Ä�jVwYkPr�w?l�x8hv�ÇfSrT�iuvl%»�r���x�§^hv�JÄ(k?l��!���
k?lGu.hv~8h.��rTkY�8j�w?Ä�x*h.l�j;mJrTkY�*h.�(�
�
� ¡ w?g�r�w�h2j�r�uvuvq�n�h.�(��sOq{k �: ~8h.�*h.�(�*¥ÓjVgiqTn¿w?g�r�w�w?g(l%u.hv~8h.w�q{��� ����� ~�rG����l�r9CBl�oDwYl�x��(Ä(w�iq{w�w?g�r�w�q{� ��

�
¤ ÜE�D»'Þß�

lG�!z�lGk?h.~8lG�!w � � jVl�r�kPoPg(l�j uvh.~8hvw m{r�uvh|x*hvw��
¡ º;l�¬�¥ oDqJ~��ihv�(l�x ¡ º�lG¬� 9���D¥

À��£��� �G°J² ���� ¤ � �����
� °¯®'�«² u2r�k?�{l�~ � ����� � �G¨8º;l�¬� ���

���B���=� �G°J² ���� ¤ � ��
�
� � ��
� �

�Ú¹�»(�±¨ u2r�k?�Jl�~��
�B¹ �GªJ° �� � ¤ � ��

�
� � � u � �� ��

� ²¯®'�E® � �  �¨
�B¹ �GªJ° �� � ¤ � ��

�
� � � u � �� � �

�Ú¹J�*�±½ r���jVqJuvÄ(wYl

fSrT�iuvl�»(Át��q�n�l�k%uvhv~XhvwPj�qJ� � ����� rT��x�� �� � � �
sOk?qJ~ �B�=�^�=��j�~8qJk?l8kYl�jVÄiuvwPj%r�k?l�Ä�j�l�x£�=w?g(l
k�rT�(�Jl�q�s
mJrTu.h2x*h.w���q�s=w?g(l�u.hv~8h.wPj^lG�!w?l���x(j��

½



Mν~ (GeV)

M
χ 1+  

(G
eV

)

L3 preliminary

tanβ = 5

µ = -200 GeV
A0 = 0

tanβ = √2

Excluded at 95% C.L.

Absolute limit from 189 data

80

100

100 200 300
Mν~ (GeV)

M
χ 1+  

(G
eV

)

L3 preliminary

tanβ = 5

µ = -200 GeV
A0 = 0

tanβ = √2

Excluded at 95% C.L.

Absolute limit from 189 data

tanβ

M
χ~

10  
(G

eV
)

L3
189 GeV

Any m0

m0 = 500 GeV

32.5 GeV

Excluded at 95% C.L.
20

30

40

50

1 10
tanβ

M
χ~

10  
(G

eV
)

L3
189 GeV

Any m0

m0 = 500 GeV

32.5 GeV

Excluded at 95% C.L.

§Shv�{Äik?l%�!Á;��lDsOw�Á;�B¹d��hv~Xhvw�qJ��� �� �� r{j�r�sOÄ(��o0w?hvqJ�tq�s � � % ��f�g(l%r���jVqJuvÄ(wYl%uvhv~Xhvw
sOk?qJ~ xirTwPr
ÄizywYqy��ª{°�º;l�¬ h|j�oDq{~Xz�rTkYl�xtn�hvwYgywYg(l�±°J°Lu.hv~8h.wPj�q{�(w�rTh.�(l�xtsOq{k�w�n�q�jVlGw�j�qTs�wYg(l��y¶(¶��
z�rTkPr�~8lGwYlGkPj0�^§(qJk
r�g(l�rGm!� �! wYg(l�Ê!hv�(l�~�rTwYh2oGr�uTu.hv~8h.w�h2jSrTuv~Xq'jVw�kYl�r{oPg(l�x�n�g(h.uvl
sOq{k r �! rTkYq{Ä(��x
®�¨Lº�lG¬Ã ���G�*w?gil�u.hv~8h.wPj=x*kYq{z��@�Òh.�{g!wGÁ=�B¹�uvh.~8hvw
qJ� � �� � � rJj;r�sOÄ(��oDw?h.q{��qTs=w�rT� �ÂsOkYq{~ÏxirTwPr
ÄizÆw?q �GªJ° º�lG¬%�=f�g(l�u.hv~8h.w�qJ�(wPr�hv�(l�xÆrTw�u2r�k?�Jlt~ � n�g�r�w?lGm'l�k%w?g(l�q{w?gilGk%z�rTk�rT~8l�w?lGk�j�h2j
o0q{~8z�r�k?l�x�n�h.w?g%wYg(l�uvh.~8hvw�qJ�(wPr�hv�(l�x%n�g(lG��~ � h|j=rTu2j�qÃrTuvu.q�n�l�x�wYq�mJr�k?�'� f�g(l�r���jVqJuvÄ(wYl;u.hv~8h.w
o0q{k?kYl�jVz�qJ��x(j�w?q�wPrT� �  Ã�{�

����� �����<�c � �	��
������
� ���

¾Ö�Çw?g(l�j�l�oDqJ��xÂwYg(lGqJk?lGwYh2oGr�u^sOkPr�~8lGn�qJk?ÊB��jVq�sOwÃjVÄ(z�lGk�jV�!~8~8lGwYk?�8�(kYl�rTÊ!hv�i�dh|j�jVw?h.uvu
~Xl�x*h2r�w?l�x
�!�%�{k�rGm*h.wV�%�iÄ(w@� �ßz�rTkYhvw�� ¡ ���{¥Sh2j@r{jYjVÄ(~8l�x�w?q���l��ik?q{Ê'l���m!h2r�rT�XlG�*wYkPr)�ÖwYlGk?~ÍwYq�w?gil�j�Ä(z�lGk �
z�qJw?lG�!w?h|rTu�qTs w?gil}sOqJk?~�Á

�  ������� � � � � � ��� �������� � � � � � ��� ��� ������ µ � � � � � ¡ �T¥
n�g(l�k?l! #"%$ x*l��(q{wYlt�{l��(lGkPr�w?h.q{��hv��x*h2oDl�j�rT��xÆw?g(l oGrTz(h.wPr�u�uvlGwYw?lGk�j�k?lDsOlGk�w?q jVÄiz�l�kVÕ�lGu|x(j

rJj?j�q!oDh2r�w?l�x�w?q�uvl0sOw �ßg�rT��x!l�x�x*q{Äi�(uvlGw�j�qTs@uvlGziw?q{��j ¡ ��¥�rT��x � Ä�rTkYÊ(j ¡ ��¥���rT��xÂkYhv�{g!w �ßg�r���x*l�x
j�hv�(�JuvlGw�j�q�s�oÈg�r�k?�Jl�xyuvl�z(w?qJ��j ¡ �Ó¥��Sx*q�n��8�Öw��!z�l � Ä�rTk?Êij ¡ ��¥�r���x�Ä(z8�ßw��*z�l � Ä�rTkYÊ(j ¡ µ�¥��&�
h.~8z(u.hvl�j�m*h.q{u2r�w?h.q{�%qTs w?g(l�u.lGz(wYq{�(h|o�rT��xÉ��r�k?�'qJ�(h2o=�*Ä(~���lGkPj0�S¾ ��rJx(x*h.w?hvqJ�%w?q�w?gil�Õ�m'l�z�r�kPr�~A�
l�w?lGk�j^k?lGu|rTwYl�x�w?qÃjVÄiz�l�kPjV�!~8~8l�w?k?���(kYl�rTÊ!hv�(� ¡ ~ � �{~ ¤J� � �!� � � ��rT��x%wPr��2�=¥P�������(kYl�rTÊ!hv�i� ¡ ���'¥=h.�*wYk?q!x*Ä�oDl�j�»'½XoDq{Ä(ziuvhv�i�'j ¡ ° ������� ���¯® � ������ r���xt° � � ������ ¥P�=§(q{k�j?r�Ê'l�q�s=j�hv~8ziuvh2o0hvw��{��jVl�r�kPoPg(l�j
r�k?l�o0q{��x*Ä�oDw?l�x�r{jYjVÄ(~Xhv�(��q{�iuv��q{�(l�oDq{Äiz(uvh.�(��wYq%x*qJ~8hv��r�w?l�r�w�r�wYhv~8lÓrT��x�r�uvuBjVz�r�k?wYh2oDu.l�j
w?q
x!l�oGrG��oDuvq�jVl�w?q%wYg(l;h.�*wYlGkPrJoDw?h.q{��m'lGk?wYlG�B�^f�gih2j�u|rTwYw?lGk=g!�*z�q{wYg(l�j�h2j�o0q{k?kYl�jVz�qJ��x(j�w?q\r{jYjVÄ(~8h.�(�
wYg(l����' oDqJÄ(z(uvh.�(�'j
wYq���l;�Jk?l�r�w?lGk=wYg�rT��mJrTuvÄil�j
n�g(h2oPg�rTkYl�r�w�uvl�r{jVw=w�n�q�q{kPx!lGkPj=qTs�~LrT�{�ihvw?Ä�x*l

²



��lGu.q�n wYg(lÃoDÄ(k?kYlG�!w�lG�*z�lGkYhv~8l��*w�rTu(u.hv~8h.wPj
q{��~8q�jVw�oDqJÄ(z(uvh.�(�'j0�
¦=qJ~8z�rTkYl�x wYq � � oDqJ��jVlGkYmJrTw?h.q{����� �' ~8q!x*hEÕ�l�j�wYg(l�z(g(lG�iq{~8lG�iq{uvqJ�{� r�w8uvq�nÏlG�(l�k?�{���

¶�hv�(�Juvl�j�z�rTkYw?h2o0uvl�z(k?q!x*Ä�oDw?h.q{�th|j�z�q'jYjVh.�(uvl'�!w?g(lÃ��¶!� ¡ n�g(h|oÈg�h2j�j�w?h.uvu �� � ¤ h.�8~8q�jVw�o�r{jVl�jÈ¥
h|j��(qu.q{�(�JlGk�jVwPr��(uvlÃr���xdwYg(l%j�z�rTkYw?h2o0uvl�x*l�oGrG�8z�rTwYw?lGkY��j�oÈg�r��(�{l\rÉu.q{w��Ò¶'z�rTk?wYh2oDu.lÃoGrT��x*l�o�r��Xhv�!w?q
¶�� z�r�k?w?h|oDuvl�j^w?g(kYq{Ä(�Jg8q{�il�� �' m'lGk?wYlG� ¡ -G�54!���! oGr{j�l;h.�8§Shv�{Äik?l�¹{r'¥
qJk�m!h2r�rT�X� � oDqJ��jVlGkYm*h.�(�
m'l�k?w?l��%uvl�rJx*hv�(�%wYq�rT��q C�� jVg(l�uvuSjVz�rTk?wYh2oDu.l�w?g�rTw�x*l�o�r��ij�wYg(k?qJÄ(�{g rT��� �' m'lGk?wYlG� ¡ -��54*���� � ¤ rT��x�� � ¤ oGr{j�l�j^hv�Ã§^h.�{Ä(kYl�¹Jr¯¥P�=f�gil�jVlÓx*l�oGrG�ij�rTk?l@k?lDsOl�k?k?l�x}wYq�r{j x*hvkYl�oDwSx*l�o�r��ijD�S� jVl�oDqJ��x�w��!z�l�qTs
x!l�oGrG�(j0�!oGrTu.uvl�x�h.��x*hvkYl�oDw=x!l�oGrG�(j0�{hv~Xz(uvh.l�j^o�r{j?o�r{x*l�x*l�oGrG�ij
w?q%¶�� z�rTk?wYh2oDu.l�j
w?g(kYq{Ä(�Jg�jVl�m'lGkPr�u
���ÃoDq{��jVlGkYm*h.�(��rT��x����' m'lGkYw?h|oDl�j
n�hvwYgtj�q{~8l}jVz�r�k?w?h|oDuvl�j�q{�8� jVg(l�uvuÖ��j�Ä�oPgtrJjÒh.��§^h.�{Ä(kYl�¹����

���� �

�
� � �

� �
� � � � � �

�
� � �

	 
��


��

���

���
	 
��

���
��� � � � �

�
� � � ���

��
�� � �

� � �
� � �

� �
� � � � � �

�
� � �

	 �� �

 �!

 #"

 �$
%&(')

* + +
+ +

, , ,-/.
*+++
, , ,0 12

%&(' 3
465

* + +
+ +

, , , * + +
+

, , ,

% 798
798

:<;

:>= %&�? 3
* + +

+ +
, , ,@ . ? *+++

, , ,0 12 5

%&A' 3
465 5

* + +
+ +

, , , * + +
+

, , ,

B 1C 8
D�E

:<;

: =

r¯¥Óx*h.k?l�oDwÓx*l�oGrG�ij �B¥=hv��x*h.k?l�o0w�x*l�o�r��ij
§Shv�{Äik?lÃ¹*Á@�
�(r�~8z(uvl�jÎq�s@x*l�o�r��ij�rTu.uvq�n�l�x��*�L����m!hvq{u|rTwYhvq{� �

f�g!Ä�jD�(wYg(lGkYl�r�k?l�~�r��*�%Õ���r�uSjVwPr�w?l�j�w?q�o0q{��j�h2x*lGk��(n�hvwYgd~�Ä(u.w?hvu.lDziw?q{��j�r���x� �q{k�~�Ä(uvwYh Ñ?lGw�j
r���x�z�q�j?j�hv�(u.�y~8h|j?j�hv�(��lG�(lGkY�{�tsOkYq{~ �(lGÄiw?k?h.�(q'j0����j�hv��w?gil8oDqJ��jVwYkPr�hv�(l�x �y¶(¶�� oGrJjVl'�Sr�uvu
w��!z�l�j�qTs@j�z�rTkYw?h|oDuvl�j=g�rGm'l���l�lG��jVl�r�kPoPg(l�xÉsOqJkG�

��� � �	� ����� �
	 ������� � ��� �S·����� ��� ��� ���
��j;hv��w?g(l�����oDq{��jVlGkYm*h.�(��j?oPg(lG~Xl'���B�=�Új�lGwPj�o0q{��j�w?kPr�hv�!wPj;qJ��oPg�r�k?�{h.�(q'j�rT��x��(lGÄ(wYkPr�uvhv�iq'j
n�gih2oPg�rTk?l�mJrTu.h2x�q�m'lGk
n�h|x*l�kPr��(�{l�j
q�s�w?gil;Ä(��x*lGk?u.�*h.�(��z�r�kPr�~8lGw?l�kPj ¡ lG�ioDlGz(wÎ� � n�g(h2oPg%h2j
j�lGw
wYq�¨¯¥���f�g(l �� � ¤ rT��x ��

�
� z(kYq!x*Ä�oDwYhvq{��~8q!x!l�j�rTkYl�rJjÒh.��w?g(lÃ����oDq{��jVlGkYm*h.�(��oGr{j�l�n�g(hvu.l�wYg(lGh.kx!l�oGrG��z�rTwYw?lGkY� h2j�o0q{~8z(u.lGw?l�uv��~8q!x*hEÕ�l�x£��f�g(l8~8q�jVwÃ�(q{w�rT�(u.l�oÈg�rT�(�Jl�oDq{��oDlGk?��j�w?gilt��¶!�

n�giq'jVl�z(kYq!x*Ä�oDwYhvq{��uvl�r{x(j^wYq�q{��j�lGk?mJrT�iuvl�Õ���r�uBjVwPr�w?l�j
n�g�r�w?lGm'l�k^wYg(l�x*q{~Xhv��r��*w ���' oDqJÄ(z(u.hv�(�i�
��uvuSlG�*z�lGkYhv~8l��*w�rTu�j�hv�J��rTwYÄ(k?l�j�lG�!z�l�oDwYl�xdsOk?qJ~ w?gil%z(k?q!x*Ä�oDw?h.q{� rT��xÇx*l�oGrG�ij;qTs �� ¸ ¤ �� ¢¤ � ��

�
¤��

�
¤ rT��x ��

�
� ��

�
¤ g�rGm'l���lGlG��hv�!m'l�jVwYhv�'r�w?l�x%r�w��B���=�!�=�;Ä(l�w?q ��

�
¤ ��lGh.�(�Ãx*lGw?l�oDwPr��(uvl'��oDq{~��(hv�ihv�(���

�
� r���x ���� ¤ j�l�rTk�oÈg(l�j�r�uvqJ�(l�jVÄ�F�oDl�j}wYq�x*l�k?hvm'lXoDqJ��jVwYkPrTh.�*w�j�ÜÝ�G½{Þ=qJ��w?g(lLjVz�r�k?w?h|oDuvl�~�rJj?jVl�jmJr�uvh2x�sOqJk�� �  ¨�r���xtr�uvuBm{r�uvÄ(l�jÒq�s
wYg(l�q{w?gilGk;z�rTkPr�~8lGwYlGkPj0�*rJjÒh.uvu.Ä�jVwYkPrTwYl�x8hv��fSrT�(u.l�½!�

��� � ��� 
 �^·��� � �������
���(q{wYg(lGk�r�z(z(kYl�oDh2r��(uvl�oPg�rT�(�Jl�x*Ä(l�w?q%� �' h2j�wYg(l�rTuvu.q�n�l�x8x!l�oGrG�%qTs j��(lGÄ(wYk?hv�iq'j�n�g(h|oÈg�~�rTÊ'l
wYg(lG~Ïx!hvk?l�oDw?u.�%q{��j�lGk?mJrT�iuvl�-G�54*��r�w��B�=�ÆwYg(k?qJÄ(�{g x*q{Ä(�iuvl%r���x�jVh.�(�{u.l�zik?q!x*Ä�o0w?hvqJ��jD�

®



���' oDq{Äiz(uvh.�(� uvhv~XhvwPj ¡ º;l�¬� ���D¥
w��!z�l � �� � �

� �� ��
� ������

�
� � o0q{Ä(z(u.hv�(��jDÁ ¹J¨ ½{¨ °T»
� � � o0q{Ä(z(u.hv�(��jDÁ ¹J� ²¯® °T»

fSrT�iuvl�½!Á��B¹yuvh.~8hvw�j�q{� ��
�
¤ � ��

�
� r���x �� � ¤ ~�rJj?j�l�jÉh.�ÆwYg(l����' j?oPg(lG~8l��^sOk?q{~ x(r�wPryÄiz�w?q

��ª{°8º�lG¬%�

ν mass (GeV/c2)

χ 10  
m

as
s 

(G
eV

/c
2 )

~

§Shv�{Äik?l�»iÁ=�����B����¾�uvh.~8hvwSq{��j��(lGÄ(wYk?hv�iq�z�r�hvk�z(kYq!x*Ä�oDwYhvq{��rJj�rTuvu.q�n�l�x%�*�X� �' n�h.w?g�r%x*qJ~8hD�
��rT�!w � ¤���� oDq{Ä(ziuvhv�i�(�

�;u.u¯Õ���rTuijVw�rTw?l�jÎl��*z�l�oDwYl�x}sOkYq{~¼z�r�hvk
z(kYq!x*Ä�oDwYhvqJ�%g�rGm'l���lGlG��j�l�rTk�oÈg(l�x}sOq{k��=�;��l��(r�~8z(uvl
q�s�k?l�jVÄ(u.w�sOqJk=r;x!q{~8h.��rT�!w � ¤���� o0q{Ä(z(u.hv�(��h2j��{h.m'lG��hv�\§^hv�JÄ(k?l=»(�=µ�jVhv�i��r�u2jVq�w?gil�uvh.~8hvwBq{� � �� � � �l��(oDu.Ä�jVh.q{��uvh.~8hvw�j
oGrT�X��l}x*lGk?h.m'l�x�sOq{k�l�r{oPg�q�sSw?g(l�wYg(k?l�l����' o0q{Ä(z(u.hv�(�\oDu2rJj?j�l�jD�=f�g(l}oDÄ(k?kYlG�!w
u.hv~8h.wPj�ÜE�G½{Þ=r�k?l�z(k?l�j�lG�!w?l�xth.�Çf^r��(uvlX²*��f�g(lG�Çr�k?l�mJrTuvh|xdsOq{kÃrTu.u
mJrTu.Ä(l�j�qTsÓw?g(l�Ä(��x*l�k?uv�!hv�i�
z�rTkPr�~8lGwYlGkPj0�*lG�ioDlGz(wÓ� � n�g(h|oÈg�h2j�j�lGw�w?qX¨*�

¶'h.�(�{u.l�z(k?q!x*Ä�oDw?h.q{�Æq�s �! "�q{k �! +�jV�(lGÄiw?k?h.�(q'j�h|j%rTu|jVqÇz�q�j?j�hv�(u.l�rTw8�B�=�S��rJjÉh.uvuvÄ�jVw?k�rTwYl�x
h.��§Shv�{Äik?l�½!�Â¶'�ilGÄ(w?kYhv�(q�x*h.k?l�o0w�x!l�oGrG�(j�n@q{Ä(u|xyuvl�rJxÂwYq�l�CBl�oDw�j}qJ��jVl�k?mJrT�(u.l�r{jÃx*lGm!h2r�w?hvqJ��j
n�kYw�¶�� lG�*z�l�o0wPrTwYhvqJ��j�n�g(h.uvl�hv��x*hvkYl�oDwXx*l�oGrG�ij�n�qJÄ(u2x�~�rT�ihÝsOl�j�w8rJjdj�z�l�oDhÝÕ�odÕ���rTu}jVwPr�w?l�j
wYg�rTw�k?l � Ä(h.k?l�x!l�x*h2o�rTw?l�xdj�l�rTk�oÈgil�jD�=¾Ö�t��qJw?g�o�r{jVl�jD��oDqJ��jVwYkPrTh.�*w�jÒqJ��j��(lGÄ(wYk?hv�iq�~�rJj?j�l�j�g�rGm'l
��lGl�� x*lGkYhvm'l�xÇr{jÃrdsOÄ(��oDwYhvq{� qTs�w?gil����' o0q{Ä(z(u.hv�(��jD�y¦=Äik?k?l��*wYuv�'�S~�r{jYjVl�j���lGw�n�lGl��Æ��¨{¨�w?q
�J¨{¨8º�lG¬� ����rTk?lÃz(k?qJ��l�x�rT��x�uvhv~XhvwPj
qJ��oDqJÄ(z(uvh.�(�'j�r�k?l�qTsÎw?g(l�q{k�x*lGk�q�s@r\sOl�nÐ��¨ ¢ �%ÜE�G²�ÞÖ�

ª



���' o0q{Ä(z(u.hv�(� lG�!z�lGk?h.~8lG�!w u.hv~8h.w�qJ� � � % �!�� rGm'q{Äik
w��!z�l ¡ º;l�¬� � � ¥

� oDq{Äiz(uvh.�(�'j0Á �����B�=��¾ ®�ª rT�!� �!�� rGm'q{Ä(k
� � o0q{Ä(z(u.hv�(��jDÁ ���B���=� ½J² rT�!� �!�� rGm'q{Ä(k
� � � o0q{Ä(z(u.hv�(��jDÁ ���B���=� ®J® �! �@q{�(u.�

f^r��(uvlÃ²*Á��B�=�Æuvh.~8hvw�jÎqJ� �! ~�rJj?jVl�j�hv��w?g(lÃ� �' j?oPg(lG~8l'��sOk?q{~ x(rTw�rÉÄ(z�w?q���ª{°dº�lG¬%�

e+

e-

ντ
~

µ+

µ-

λ 131 λ 232

e+

e-

ν~
ν, l -/+

χ 0, χ -/+~ ~
λ

�;hvkYl�oDw�x!l�oGrG�(j ¾ ��x*hvkYl�oDw�x!l�oGrG�(j
§^hv�JÄ(k?lÃ½*Á�¶'h.�(�{u.l�z(k?q!x!Ä�oDw?h.q{��qTs@j��(lGÄ(wYk?hv�iq'j�rTw��B�=��r{j�rTu.uvq�n�l�x��*�����' �

��� � � � ����� �
	£·� � � ·*© ������� � � � ��� � � �����

¦=g�rTk?�Jl�x8j�uvlGz(wYq{��j=r���x�uvh.�{g!w=j � Ä�r�k?Êij�rTkYl�j�l�rTk�oÈgil�x\sOqJk@rTw;�B�=�S�*f�gil�oDq�m'lGk�rT�Jl;q�s�w?gilÒÕ���rTu
j�wPr�w?l�j�lG�*z�l�o0w?l�x�hv� o�r{jVl�qTs�� �' ¡ sOk?qJ~Ûx*hvkYl�oDwÃrT��xyhv��x!hvk?l�oDwÃx*l�oGrG�ij�r���xysOq{k\rT�!��wV�!z�l8qTs
o0q{Ä(z(u.hv�(��jÈ¥@h2j��(qJw��'lGw�rJj;oDqJ~8z(u.lGw?l�rJjÓsOqJk;wYg(l�qJw?g(l�k�j�z�rTkYw?h2o0uvl�j0��f�g(lÃk?l�j�Ä(uvw�j�r{oPg(hvl�m'l�x8jVq
sßr�k�ÜÝ��½TÞ rTkYl%jVÄi~8~�rTkYh 0Gl�xÉh.��fSrT�(u.l8®'����jÒsOqJk;qJw?g(lGkÃ�B����k?l�jVÄ(u.wPjD��w?gilG�8g(qJu2xdsOq{k����  ¨*�
h.k?kYl�jVz�l�oDwYhvm'l�qTs=wYg(l�mJrTuvÄil�j�qTs w?g(l�qJw?g(lGk�Ä(��x!lGk?u.�*h.�(��z�r�kPr�~8lGw?l�kPjD�

§^h.��rTu.uv�'�!w?g(l�k?lÃrTkYl%rTu|jVqXoDq{��jVw?k�rTh.�*w�jÒqJ�tg(l�rGm!�8j � Ä�rTk?Êij�rT��xt�JuvÄ(h.�(q'j�hÝsÎ����h|j�m*h.q{u2r�w?l�xB�
�B�=� l��*z�lGkYhv~8lG�!wPj=k?lGh.�*wYlGk?zik?lGw�wYg(lGhvk�k?l�jVÄ(u.wPj�rT��q{Ä(w�u.lGz(w?q � Ä�r�k?Ê�j�l�rTk�oÈgil�j�ÜE�T®�ÞSn�g(hvu.l%x*l�x��
h|oGrTwYl�x�j�l�rTk�oÈg(l�j�rTkYl8z�lGkVsOqJk?~8l�xyr�w����=�;�År���x�f�lGmJrTwYk?q{� sOq{kÃz�rTkYw?h2o0Ä(u2r�k%���' oDqJÄ(z(u.hv�(��jD�
�������ÍlG�*z�lGkYhv~8l��*w�j;g�rGm'l8rJoGoDl�jYj�~8q�jVwYuv��w?q � � ¤ � ¤ oDq{Ä(ziuvhv�i�'j�r���x x*lGkYhvm'l�oDqJ��jVwYkPrTh.�*w�j�qJ�gil�rGm*��j � Ä�rTk?ÊX~�r{jYjVl�j�rJj;r�sOÄ�oDwYhvq{��q�s � � ¤ � ¤ �(mJr�k?�!hv�(��w?g(l �y¶(¶�� Ä(��x*lGk?u.�*h.�(��z�rTkPr�~8lGwYlGkPj0�
¦=Äik?k?l��*wYuv�'��~�r{jYjVl�jSrTkYq{Ä(��x���»'¨�º�lG¬� 9� � r�k?l�lG�ioDu.Ä�x*l�x;sOq{k � � ¤ � ¤ ³ ¨�,±¹%ÜE�Gª{Þß�^µ�jVhv�i��~�Äiuvw?h.uvlGz��
wYq{��lGm'lG�!wPj�h.�8k?Äi��¾�xirTwPr!��f�l�m{r�w?kYq{�tl��*z�lGkYhv~8lG�!wPj
g�rGm'l�zik?q{��l�x � � ¤ ��� rT��x � ¤ � ¤ oDqJÄ(z(u.hv�(��jD�r���xÆo0q{��j�w?kPr�hv�(l�x �JuvÄ(h.�(qÇrT��x g(l�rGm!� j � Ä�r�k?Ê�~�rJj?j�l�jD� f�g(ltu.hv~8h.wPj�rJoÈg(h.lGm'l�x�r�k?l�rTkYq{Ä(��x
�J½{¨ ¡ k?l�j�z���¹{½J¨¯¥�º�lG¬� 9����sOq{k�w?g(l � � ¤ ��� ¡ k?l�jVz�� � ¤ � ¤ ¥�o0q{Ä(z(u.hv�(�XrT��rTuv�ijVh|j�ÜE�G°�ÞÖ��f�g(l�j�l�u.hv~8h.wPjr�k?l%mJrTu.h2xdsOqJk�� �  ¿¨!� � �¼¨8r���xÂw�rT� �  Í�!�6�tq'j�w�qTsÓw?g(l%qJw?g(l�k�oÈgiq{h2o0l�j ¡ hv��z�r�k?wYh2oDÄ(u|rTk��
gihv�{gilGk=m{r�uvÄ(l�j�qTs wPr��2��qJk � ��¨¯¥Sn@q{Ä(u|x�uvl�rJxÉwYq�u.qTn@lGk
u.hv~8h.wPjD�Jx*Ä(l�w?q\r�u.q'j?j=hv�XjVlG��jVhvwYhvm!hvw��
¡ k?l�j�Ä(uvwYhv�(��sOkYq{~ÅkYl�x*Ä�o0l�x��(k�rT��oPg(hv�i�ÉsOk�r{oDwYhvq{��j�hv�!w?q%uvl�z(w?qJ��jD��j�qTsOw?l�k�uvlGz(wYq{��j0�v�.�Ý¥�ÜE�G°�ÞÖ�

°



���' o0q{Ä(z(u.hv�(� lG�!z�lGk?h.~8lG�!w j�z�rTkYw?h2o0uvl ~�r{jYj�uvhv~Xhvw
w��!z�l ¡ º�lG¬� 9� � ¥

� oDq{Äiz(uvh.�(�'j0Á ���B���=� � l�� ª�»
� oDq{Äiz(uvh.�(�'j0Á ���B���=� �� � � �: � ²J¨
� � o0q{Ä(z(u.hv�(��jDÁ À��£��� � w ¤ ª�»
� � � o0q{Ä(z(u.hv�(��jDÁ À��£��� � w ¤ ®�°

fSrT�iuvl8®'Á%�B�=� uvh.~8hvw�j�q{� oÈg�rTk?�Jl�xÇjVuvl�z(w?qJ�ÇrT��x�uvh.�{g!w�j � Ä�rTkYÊ�~�r{jYjVl�j�hv��w?gil�� �' j?oPg(lG~Xl'�
sOkYq{~Ûx(r�wPrtÄ(zÇw?q �GªJ°yº;l�¬%��f�g(l � w ¤ u.hv~8h.wPj�rTk?l�mJrTu.h2xÂsOqJk�r��*�ÇmJrTu.Ä(l�q�s�w?g(lXjVwYq{z�~Xhv�!hv�(�r��(�{u.l'�

��� � � ��� � ��� �A�<�%�a�#�A� 	�� �/�?�	%����� �?���� 
����� �
��� �

f�gildwYg(hvk�xyw?gilGq{kYlGw?h|oGrTu
sOkPr�~8lGn@q{k?ÊÇrJj?j�Ä(~8l�jÃ����oDqJ��jVlGkYmJrTw?h.q{� rT��x j�qTsOw�j�Ä(z�lGkPj��*~8~XlGw?kY�
�ik?l�r�Ê*h.�(��~8l�x*h|rTwYl�xÂ�!����rTÄ(�Jlthv�!w?l�kPr{o0w?hvqJ��jD�Æ¶�Ä�oÈg ~8q!x*lGu|j�Üà�{¨�Þ�Ä�jVÄ�rTuvu.���(lGl�x�jVh.����r{j�h2o
z�rTkPr�~8lGwYlGkPj0ÁÒwYg(l�jVÄiz�l�kPjV�!~8~8l�w?k?���(kYl�rTÊ!hv�(�Lj?oGr�uvl'� � §���w?gil�Ä(�(h.m'lGkPjYrTu
~Lr{j?j�j?o�rTuvl%q�sÓjVÄ8�
z�lGk�jV�!~8~8lGwYk?h|o;z�rTkYw?h|oDuvl�j0�	����w?g(l�~8l�jYjVlG�i�{lGk�~�r{jYj�j?oGr�uvl'�>��
Y��wYg(l��*Ä(~���lGk�qTs�~Xl�j?j�lG�(�{l�k
�JlG�(lGk�rTwYhvq{��jD�{��
Y�{wYg(l��;h.�{��j^~8hv�!hv�i��z�r�kPrT~XlGw?lGk��;� �'rT��x�w?g(l@kPrTwYhvq�qTsBw?gil�w�n�q���hv�{��j^x!q{Ä(�(u.lGw
mJrJoDÄ(Ä(~ÏlG�!z�l�oDwPr�w?h.q{��mJrTu.Ä(l�jD��wPr��2�=��f�g(l%�(kYl�rTÊ!hv�(�Xj?o�rTuvlÃh2j�lG�!z�l�oDw?l�x�w?q8��l%~�Ä�oPg8uvq�n�l�k
wYg�rT��hv���{k�rGm*h.wV� �ß~8l�x*h|rTw?l�x�~8q!x*lGu|jD�(x!qTn���w?q�r���qJÄ(w%��¨��º�lG¬%�

��j�sßrTk�rJj;z(g(lG�iq{~8lG�iq{uvqJ�{��rTw�uvq�nÚlG�(l�k?�{��h2j�oDq{��oDlGk?�il�x£�B���\oDq{��j�lGk?mJr�w?hvqJ��hv~8ziuvhvl�j�r{j
Ä�jVÄ�r�u�jVz�r�k?wYh2oDu.l�z�r�hvk
z(kYq!x*Ä�oDwYhvqJ��rT��x�r�jVw�rT�(u.l���¶!�^����j^r�oDqJ��jVl � Ä(l���oDl�q�sB�'rTÄi�{l��ß~8l�x*h|rTwYl�x
�ik?l�r�Ê*h.�(�(��w?g(l���¶!�th|j£w?g(l=�JkPrGm*h.w?h.�(q(� �ºÃ��n�g(q'j�l�~�rJj?j�x*lGz�lG��x(j£q{� � §�rT��x�w?g!Ä�j£h2j£lG�!z�l�oDwYl�x
wYq8��l�m'l�k?��jV~�r�uvuß�(hv��w?gil%kPrT�i�{l ÜÝ�G¨ ¢�� lG¬%�S�%Ê'lG¬�ÞÖ�if�g(l��(lG�!w;u.hv�{g!w?l�jVw�jVz�r�k?w?h|oDuvl ¡ Ë�¶(�B��¥
h|jÉl�hvw?gilGk ��

�
¤ q{kXr�oÈg�rTk?�Jl�xÆj�uvlGziw?q{� ¡ �: ¤ q{k�w?g(kYlGl�x*l��{lG�(l�kPrTwYl�x � u2¥��Úf�g(l Ë�¶(�B�ÐuvhEsOlGw?h.~8l

h|j��JqTm'l�k?�(l�xÇ�*��wYg(l �ºÅ~Lr{j?jÃrT��x�g(l���oDlXoGrT� ��l8�(qJ� �ilG�{u.hv�{h.�(uvl����Jhvm!hv�(��k?h|jVl8wYqÇjVz�l�oDhEÕBo
wYq{z�q{u.q{�Jhvl�j0�£j�q{~8l���lGh.�(�%lG�!z�lGk?h.~8lG�!wPrTuBoPg�rTu.uvlG�i�{l�j0�

��� ���	� ��
�
¤���� 
��

f�gil�~LrThv�Lx*l�oGrG��qTsÎr ��
�
¤ Ë���¶!� n�q{Äiu2x8��l�h.��� �ºÃ�=f�g!Ä�j ��

�
¤ jVl�r�kPoPg(l�j�k?l�uv��q{�8Õ���r�uSjVwPr�w?l�jn�h.w?g z(g(qJw?q{��jD��lGhvwYg(lGk�j�hv�(�Juvl��ßz(g(qJw?q{� q{k�x!hvz(g(qJw?qJ� lGm'l��*w�jD�Å¶'Ä�oPgÌÕ���rTuÃjVw�rTwYl�jdz(kYq�m*h|x*l

o0uvl�r��ylG�!z�lGk?h.~8lG�!wPr�uSjVhv�J��rTwYÄ(k?l�j%rT��xyg�r�m'l���lGlG�ÇÄ�jVl�x�jVh.��oDl%uvqJ�(�twYq�oPg�r{j�l8�(lGn¿z(g!�(j�h2oGj0�
n�g�rTw?l�m'lGk8w?gilyÄ(��x*lGk?u.�*h.�(��wYg(lGq{kYlGw?h|oGrTu�sOkPr�~8lGn@q{k?ÊB�Í��l�jVÄiuvwPjXrTk?lÇÄ�j�Ä�rTu.uv�Æl��*z(kYl�j?j�l�x�r{j
~Xq!x*lGuD�ßhv��x*lGz�lG��x*l��*w�Ä(z(z�lGk�u.hv~8h.wPj(q{��wYg(l@oDk?q�j?j � jVl�oDw?h.q{��w?h.~8l�j(�(kPr���oPg(hv�(��sOk�r{oDwYhvqJ��zik?q!x*Ä�o0wG�
rJj;r�sOÄi��oDw?h.q{��qTs w?gil�~Lr{j?j�q�s
wYg(l�Ä(�(Ê!�(q�n��tz�r�k?wYh2oDu.l�x*l�oGrG�!hv�(�Ãw?qXr�z(g(qJw?q{��z(uvÄ�j�~8h2jYjVhv�i�
l��(lGk?�J�'�%f�g(l�jVl�oDkYq'j?j(��j�l�oDwYhvq{�Çuvh.~8hvw�j;r�k?l%wYg(lG� oDq{~8z�rTk?l�xdn�hvwYgyzik?l�x*h|oDw?h.q{��j�sOk?q{~ mJrTk?h.q{Ä�j
~Xq!x*lGu2j�Ü �*�'�
�J�TÞß�=jVÄ�oPg r{j�wYg(ltº �y¶��ÍjYoDlG��r�k?hvq�l��*z(u|rTh.�(hv�(��r�� l�l���� l�m'lG�*w�kYlGz�q{k?wYl�xy�!�
¦@��§ j�q{~8lÃ�'l�rTk�j�rT�Jq(��f�q � Ä(q{wYl%�(Ä(w�q{�il%k?l�j�Ä(uvw��£lGm'lG��hÝs@�(q{wÃj�w?k?h|oDw?u.��r º�¶����Ú~8q!x!lGuÖ�
o0k?q'jYj � jVl�o0w?hvqJ��u.hv~8h.wPj�g�rGm'l���lGlG��oDqJ�*m'l�k?w?l�x�hv�!w?qÃr�uvq�n�lGk uvhv~Xhvw�q{�Xw?g(l�~�r{jYj^qTs r�j�Ä(z�lGk?u.hv�{g!w

�G¨



�ºÃ�!r{jYjVÄ(~Xhv�(�ÃrTu.u�q{w?gilGk@jVz�r�k?w?h|oDuvl�jÎwYq���l�rT��q�m'l;wYg(k?l�j�g(q{u|x£�=f�g(l�oDÄ(kYk?lG�!w=uvhv~Xhvw£sOk?qJ~pjVh.�(�{u.l��
zig(q{wYq{�8lGm'l��*w�j
rTw��B�=�=�8Üà�!�GÞ(h2j���¨ ¢�� lG¬Ã � � �!jVh.~8hvu|rTkSw?q�w?g(l�k?l�jVÄ(u.w�kYl�r{oPg(l�x��!��¦@��§yÄ�jVh.�(�
~Xq{�(q�Ñ?l�w�lGm'lG�!wPj�Üà�J¹TÞÖ�

f�q{z�q{u.q{�Jhvl�j;~Xq{k?lÃj�z�l�oDhÝÕBo�wYqdº �y¶�� ~Xq!x*lGu2j�g�r�m'lÃr�u2jVq���lGlG� jVl�r�kPoPg(l�x�sOq{k��;f�gil�Õ�k�jVw
l��(r�~8z(uvlSh2j��{h.m'lG���!� �� � ¤ j�l�rTk�oÈg(l�j�h.��o�r{jVl=q�s�uvqJ�(�;�ilGÄ(w?k�rTu.hv�(q�uvhEsOlGw?h.~8lGj0�£f�gil�x*l�o�r���z(g(q{wYq{��jn@q{Ä(u|xd�(qJw���l�z(kYq!x*Ä�oDl�xtrTw�w?g(l�hv�!w?l�kPr{o0w?hvqJ��z�qJhv�!w��(Ä(w�oDqJÄ(u2x�g�rGm'l�u|rTkY�{l�h.~8z�rJoDw�z�r�kPr�~A�
l�w?lGk�jD�%¶'l�rTk�oÈgil�jÒsOq{k��(qJ�8�ßz�qJhv�!w?h.�(��jVhv�i�{uvl��Öz(giq{w?qJ�yl�m'lG�*w�j%Üà�!�DÞ=o0qTm'l�k;wYg�rTwÃoGrJjVl'��¶�l�rTk�oÈg(l�j
sOqJk�jVz�rTk?wYh2oDu.l�j%g(l�rGm*h.lGk�w?g�r�� ��

�
¤ g�r�m'l rTu|jVq ��lGlG��z�lGkVsOqJk?~8l�x£��j�q�sßrTk�sOqJk�oÈg�rTk?�Jhv�(q�j8rT��x

j�uvlGziw?q{��j�Ü �T»'Þ
qJ�(uv���d¦=q{~Xz�rTkYl�xtn�hvwYgywYg(l�wYq{z�q{u.q{�Jhvl�j�lG�*z�l�o0w?l�xth.�ywYg(l��JkPrGm!hvw����ß~8l�x!h2rTwYl�x
jYoÈgilG~8l'��w?g(l�Õ���rTu@j�wPrTwYl�j�r�k?l�h2x*l��*wYh2oGr�u
lG�ioDlGz(w;sOqJk%rJx(x*hvwYhvqJ��rTu=z(g(qJw?qJ��j�w?g�r�w%oGr��y��l�x!l��
wYl�oDwYl�xdhEs�wYg(l�Ë���¶!� uvhÝsOl�w?hv~Xl�h2j;�iq{w�w?q'q�uvqJ�(�(�\��j;z(g(qJw?qJ��j�g(l�uvz�w?qX��l�w?w?l�k�x!h2j?o0k?hv~Xhv��r�w?l
r��'r�hv��j�w%��r{oPÊ*�Jk?qJÄ(��x£�
wYg(l8lG�ioDuvÄ�jVhvqJ�yu.hv~8h.wPj�sOq{kÃ�(lG�{u.hv�Jhv�(u.l�qJk�~8q!x*l�kPrTwYl8Ë�¶(�B�ÚuvhÝsOl�w?hv~Xl�j
r�k?l�Ä�j�Ä�rTu.uv�8wYhv�{wYg(lGk�wYg�rT��w?g(q�jVl�hv��w?gil��JkPrGm!hvw����ß~8l�x!h2rTwYl�x�sOkPrT~XlGn�qJk?ÊB�

��� ����� �: ¤ ��� 
	�
f�gil%~�rTh.�Çx*l�oGrG��qTsÒr �: ¤ Ë���¶!� n@q{Ä(u|xt��l�h.� : �º���wYg*Ä�j��{hvm!hv�i�8w?g(lXj?r�~8l�l��*z�lGkYhv~8lG�!wPr�u
j�hv�J��rTwYÄ(k?l r{j8hv��wYg(lÇ�{kPrGm!hvw�� �Ö~8l�x*h2r�w?l�x oGrJjVl�q{�iuv��hÝsÃwYg(l �: ¤ uvhEsOlGw?h.~8l8h2j��(lG�{u.hv�Jhv�(u.l'�Ð¾Ö�
wYg(l�oDqJ�*wYkPrTkY�ÇoGr{j�l'� �: ¤ x*l�oGrG�(j�n�qJÄ(u2xtu.l�r{x�w?q�Ê!hv�(ÊijD�Bu2rTkY�{l�hv~8z�r{oDw�z�rTk�rT~8l�w?lGk�j;q{kÃx*l�o�r��m'l�k?w?h|oDl�j0� �Îm'l��*wYÄ�rTu.uv�'�@r �: ¤ x*l�oGrG�*h.�(��q{Ä(w�jVh|x*ltwYg(l�x*l�w?l�oDwYq{k%n@q{Ä(u|xÆrTziz�l�rTk�rJj8ryj�wPr��(uvl
oPg�r�k?�{l�x�z�rTkYw?h2o0uvl'�S�;u.u*wYg(l�jVl�l��*z�lGkYhv~8lG�!wPr�u!jVh.�{��r�w?Ä(kYl�j^g�rGm'l���lGlG�%Ä�j�l�x%hv���: ¤ j�l�rTk�oÈgil�j�Üà��»{Þß�����lG�irT~8ziuvl
q�s£kYl�jVÄiuvw�h2jS�{hvm'l���h.�%§^h.�{Ä(kYl�²�n�g(h2oPg�h.uvu.Ä�jVwYkPrTwYl�j�w?g(l@hv�!w?lGkYz(u2rG��qTsBw?g(lÓx*hDCBlGkYlG�!w
j�hv�J��rTwYÄ(k?l�j�r{j�r sOÄi��oDw?h.q{� qTs�wYg(l �º ~�r{jYjLn�gih2oPg x*lDÕ��(l�jLwYg(l �: ¤ ~8l�rT� x!l�oGrG��uvlG�i�{w?g �
¾ÖkYk?l�j�z�l�oDw?h.m'l�q�s�wYg(l �ºÍ~�rJj?jD�Bw?g(l�j�l%k?l�j�Ä(uvw�j;lG�ioDuvÄ�x*l%r �: ¤ Ë���¶!� Ä(zÇw?qt®�¹Âº�lG¬� 9� � �%f�g(l
u.hv~8h.w%h2j�²Æº�lG¬� � � g(hv�Jg(lGk�hÝsÃwYg(lykYl�jVÄiuvwPj�r�k?l�k?l�hv�!w?lGkYz(k?lGwYl�x h.�Úr jYoDlG��r�k?hvq n�h.w?g w?g(kYlGl
x!lG�{lG�ilGkPr�w?l�x�oDq��Ë���¶¯��oÈg�r�k?�Jl�x�jVuvl�z(w?qJ��jD�

¶'l�rTkPoPg(l�j(sOq{k jVz�r�k?wYh2oDu.l�j�g(l�r�m!hvl�k�wYg�rT���: ¤ g�r�m'lÎrTu2j�q;��lGl���z�lGk�sOq{kY~8l�x£��jVq�sßrTk£sOqJk
oPg�r�k?�{h.�(q'j0��ilGÄ(w?k�rTu.hv�(q�j�rT��x�jVuvl�z(w?qJ��j�Ü �T»JÞSrT��x�q{�(u.��sOq{k��(l��{uvh.�{h.�(uvl�Ë���¶!� u.hÝsOlGwYhv~8l�j0�

��� ��� � � ��� � ��� � �	������	������^· � ��� ����	Ç© � � � � · ��·���
�
m'lG��hEs@�(q{wÃoDqJ~8z(uvl�w?l'��w?g(l�o0qTm'l�kPrT�Jl%qTsÓw?g(l%Õ���r�u=jVw�rTw?l�j}l��*z�l�oDwYl�xdsOk?qJ~�º �y¶��Ú~8q!x*lGu|j
h|j�rTw�z(kYl�jVl��*w�j�Ä FLoDhvlG�!w�wYqdl��(oDu.Ä�x*lÃu2rTkY�{l�sOk�r{oDwYhvq{��j}q�s�wYg(l%z�rTk�rT~8l�w?lGk�j�z�r{o0l�h.��q{kPx!lGk�w?q
j�lGw�o0q{��j�w?kPr�hv�!wPj=q{��w?g(l�Ê'lG�%z�rTk�rT~8l�w?lGk�jÎq�sSw?g(l�~8q!x*lGuß�¯u.hvÊ'l�wYg(l�Ë���¶!��~�rJj?j=q{k����=�ÌÕ�k�jVw
r�w?wYlG~8z(w@g�r{j���lGlG��k?lGz�qJk?w?l�xdhv�ÂÜà�{½{Þ£sOqJk�rÉ~Xhv�(h.~8r�u£º �y¶��Ì~Xq!x*lGuÖ�

����� � �����  	i���a
	��
��	�����	?�c��� �����l���1��� � �c���#	

f�q�oDqJ��oDu.Ä�x*l%r���q{Ä(w\jVÄ(z�lGk�jV�!~8~8lGwYk?�'�'hvw�h2j�n�q{kYw?g�~8l��*wYhvq{�ihv�(��rÉsOl�nÐo0q{~8z(u.lG~8l0�*w�rTkY��kYl��
j�Ä(uvw�j;sOk?q{~ �B�=�^��lGh.w?g(lGk�kYl�oDlG�!w�q{�il�j�qJk�kYl�jVÄiuvwPj�rJjVh2x!l8w?g(l�~�r�hv�ÇjVwYk?l�r�~ qTs�j�l�rTk�oÈg(l�j�x!l��
jYoDk?h.��l�x8hv��w?g(l�z(kYlGm!hvq{Ä�j�jVl�oDwYhvqJ��jD�

�{�



0

10

20

30

40

50

60

70

80

90

10
-3

10
-2

10
-1

1 10 10
2

10
3

mG̃ (eV/c2)

m
   

 (
G

eV
/c

2 )
τ̃ 1

DELPHI PRELIMINARY

Vertex and Large IP

MSSM
τ̃1

Stable
Heavy
Lepton

√s=130-189 GeV

§Shv�{Äik?lÃ²*Á@�����B�=��¾�u.qTn@lGk�uvh.~8hvw=qJ�tw?gil �: ¤ ~�r{jYj�r{j�r\sOÄ(��oDw?h.q{��qTs=wYg(l �ºÚ~�rJj?j�h.�Âº �y¶��
~Xq!x*lGu2j0�¯sOkYq{~Ïx(r�wPr%Ä(z�w?q��GªJ°Lº�lG¬%�

f�g(l�k?l�h|j;r���q{�(�Jq{h.�(��l�CBq{k?w�w?q�oDqJ~��ihv�(l�wYg(l�sOqJÄ(k�lG�!z�lGk?h.~8lG�!w�kYl�jVÄ(u.wPj ¡ qJ� �� � ¤ �� l��S���: ¤j�l�rTk�oÈgil�jD�'Ä�j�hv�(��r�u2jVq\�;hv�J�'j@jVl�r�kPoPg(l�j�r���x�wYg(l����to0q{��j�w?kPr�hv�!wD¥Sw?q�x!lGk?h.m'l�rT��r���jVqJuvÄ(wYl�u.hv~8h.w
qJ�ywYg(l ��

�
¤ ~Lr{j?j�h.��w?g(l%~t¶¯µ�º��;�ÚsOkPrT~XlGn�qJk?ÊB���
k?l�uvhv~Xhv��r�k?�8kYl�jVÄ(u.wPj%Ü �{²{Þ^sOkYq{~ x(rTw�rdÄ(z

wYq��GªJ°dº�lG¬Ú�{h.m'l�r%uvhv~Xhvw=r�w�»{»�º;l�¬� ���ÒhEsSw?g(lÃx*h CBlGk?lG��oDl���lGw�n�lGl��8w?g(l �: ¤ r���x ��
�
¤ ~�rJj?jVl�jh|j�r���q�m'l�½%º�lG¬� ���8hvkYk?l�j�z�l�oDw?h.m'l�qTsSw?gil�mJrTuvÄil�j�q�s
wYg(l�Ä(��x!lGk?u.�*h.�(��z�rTk�rT~8lGwYlGkPj0�'lG�(o0lGz(w@� �

n�gih2oPgyh|j�j�lGw�w?q ¨*����l�oDlG�!w?u.�'�£x!l�x*h2o�rTw?l�xyj�l�rTk�oÈg(l�j}g�r�m'l%��lGl���z�lGkVsOqJk?~8l�xtwYq�oDq�m'lGk�~�rJj?j
x!hDCBlGk?l���oDl�j=��l�uvq�nÚ½�º�lG¬Ã ����rT��x8Õ�kPj�w�k?l�j�Ä(uvw�j�oDqJ�*Õ�k?~Xl�x�w?gil�mJrTuvh|x*hvw��%q�s
wYg(lÃrT��q�m'l�u.hv~8h.w
r�u2j�qdh.��w?g�r�w�oGrJjVl Üà�¯®�ÞÖ�Ãf�g(l%�(lG�!w�j�w?lGzÇj�g(q{Ä(u|xÂ��l�w?q�oPg(l�oPÊ�w?g(l%h.~8z�rJoDw�qTsÒ� � ��n�g(h|oÈg�h2j
l��*z�l�oDwYl�x�wYq���l�u2r�k?�{l��

�;��qJÄ(w����' wYg(l�j�Ä(z�lGk?z�q{wYlG�!w?h2r�u � Ä(q{wYl�x8hv�8l � Ä�r�w?h.q{� ¡ �T¥=h2j=�(q{w�wYg(l�~8q'j�w@oDq{~8ziuvlGwYl����
m!hvqJu2r�w?hv�i�dz�qJw?lG�!w?h|rTuÖ���
�!w?kPr8�(h.uvh.�(l�rTk�w?lGkY~�j;qTsÓw?g(l%sOq{kY~�� � � � � � ��n�g(lGkYl8� � h|j}wYg(lX�;hv�J�'jj�Ä(z�lGkVÕ�lGu2xyn�h.w?g z�q'j�hvw?h.m'l8g!�*z�lGk�oÈg�r�k?�Jl'�=rTkYl�rTu|jVq�z�q'jYjVhv�iuvl�oGrT��x*h2x(r�w?l�j�wYq��{lG�ilGkPr�w?l����' �
§ShvkPj�w�kYl�jVÄ(u.wPj�g�rGm'l���lGlG� kYlGz�q{k?wYl�xykYl�oDlG�!w?u.�tq{� r�j�l�rTk�oÈgysOqJk%j�w?q{z�j�x*l�oGrG�*h.�(��w?g(kYq{Ä(�Jg�r
�ihvuvh.�(l�r�k�w?l�k?~Åh.�*wYq�r�� : z�rTh.k%Ü �{ªTÞß�

§^h.��rTu.uv�'�BhÝs�����h2j�oDq{��jVlGkYm'l�x£��w?g(l8��¶¯� ��lGh.�(��j�wPr��(uvl�k?l�j�w?kYh2oDw�j;w?g(l�lG�!z�lGk?h.~8lG�!wPrTu jVl��8�
j�hvwYhvm!hvw���w?q q{w?gilGk�jVz�rTk?wYh2oDu.l�j%w?q ~�r{jYj�x!hDCBlGk?l���oDl�j%��lGw�n�lGlG� w?g(lÇj�z�rTkYw?h|oDuvl rT��x�w?g(lÇ��¶!�
h.� lG�(o0l�j?j�q�sÃr sOl�n º�lG¬� 9���G��¶'l�r�kPoPg(l�j�g�rGm'l8��lGl���oDqJ��x*Ä�oDwYl�x�w?qÇlG�!z(uvqJk?l��(l�r�k?uv�Ç~�rJj?j
x!lG�{lG�ilGkPrJoD��oGr{j�l�jÒsOq{k�w?g(lÃuvhv�Jg*wYl�jVw�oPg�rTkY�{hv�iqÇÜà�J°TÞ rT��x�~8q{kYl�k?l�oDl��*wYuv��sOqJk�w?g(lÃuvh.�{g!w?l�j�w�j�l��

�G�



u.l�oDwYk?q{��Ü ¹{¨{Þß�
Ë;qJw?l�w?g�r�w�j�z�rTkYw?h|oDuvl�j=x*l��{lG�(l�kPrTwYl�x%n�hvw?g�w?gil���¶!��lG�!h2j�w
hv��k?l�jVw?kYh2oDwYl�x�k?l��{hvqJ��j
q�s�wYg(l%z�rTk�rT~8l�w?lGk�jVz�rJoDl%qTs@wYg(l8o0q{��j�w?kPr�hv�(l�x��y¶(¶�� r{j�x*lDÕ��(l�xthv�Çj�l�oDwYhvq{� ¹*�.�É�iÄ(w�w?gilG�
r�k?l�~8q'j�w?u.��zik?l�x*h|oDw?l�x�hv�%q{wYg(lGk@jVÄiz�l�kPjV�!~8~8l�w?k?h|o=j?oDlG��rTk?h.q'j0�*j�Ä�oPg8rJj�r�oDqJ��jVwYkPr�hv�(l�x��y¶(¶��
n�h.w?g(qJÄ(w��'rTÄi�{hv�iqd~Lr{j?j�Äi�(hÝÕBo�rTw?h.q{� rTw�w?g(l�º�µ�fÚj?oGr�uvlÃq{k�w?g(lÃk?l�oDl��*w�r��(q{~�r�uv�8~Xl�x*h2r�w?l�x
¶¯µ�¶��¼�(k?l�rTÊ!hv�(�%~8q!x!lGu2j�Üà�{¨�ÞÖ�

� < ���Ã�Ó@� �'b%� � Ù 	 �=� c��? � a �
��b a �

¾Öw�nÓr{j;z�q{h.�*wYl�xdqJÄ(w�k?l�oDl��*wYuv� Üà¹*�J�£�J¨{Þ�w?g�r�w;l��*wYkPr�jVz�r�w?h2r�u
x!hv~8lG��jVhvqJ��jD�!n�g(h2oPg�r�k?lÃz(k?l�j�lG�!w
h.��rT�!�XjVÄ(z�lGk�jVw?kYhv�(�%wYg(lGqJk?�'�ioGrT��r�u2j�q�jVq{u.m'l�w?gil�g(hvl�kPrTk�oÈg!��zik?q{�iuvlG~��'h.��x*lGz�lG��x!lG�*wYuv�%q�sSw?g(l
Äi��x*lGkYuv�!hv�(�8wYg(lGqJk?lGwYh2oGr�u^sOkPr�~8lGn�qJk?ÊB��¾Ö��x!lGl�x£�£hEs@�ylG�!w?k�r8oDqJ~8z�r{o0w�jVz�r�w?h|rTu=x*h.~8lG��j�hvqJ��j;qTs
k�r{x*h.Ä�j�� lG�!h2j�wG�£wYg(l � Ä�rT�!w?Ä(~ �{k�r�m!hvw���j?o�rTuvl%h.��� � »�x*hv~8l���jVh.q{��j0�#��� ��h|j;k?l�u2rTwYl�xdwYq�w?g(l
�
u|rT��oPÊ8jYoGrTu.l'� ��� � �(�!�B���� � ³ ��� � � ¸
	� �=¾,s=� rT��x8��rTkYl%jVÄ�oÈg8wYg�rTw ����h2j=qTs=wYg(l�q{k�x*lGk�qTs
wYg(l�lGuvl�oDw?kYqTn@l�rTÊ ¡ � �Ú¥Ój?oGr�uvl'�(wYg(l�gihvlGk�rTkPoPg!��mJrT�ih2jVgil�jD��f�gil�o�r{jVlÃ�# Ã��h|jÒkYÄ(uvl�xLqJÄ(w�jVhv��oDl
h.w�n�qJÄ(u2x8hv~Xz(uv� � Ä�rT�!w?Äi~Å�{k�r�m!hvw���l�CBl�oDw�j�q{��j�lGk?mJrT�iuvl�q�m'lGk�jVqJu2rTk�jV�ijVwYlG~ x*h2j�wPrT��oDl�jD�

��w
uvq�n lG�(lGkY�{�'�'lG�!w?k�r�j�z�rTwYh2r�u£x!hv~8lG��jVhvqJ��jSrTk?l�lG�!z�l�oDw?l�x�w?q�~LrT�(hEsOl�jVwSw?g(kYq{Ä(�Jg8w?gil;z(kYq �
x!Ä�oDw?h.q{�%q�s��{k�rGm*h.w?q{��jD�(ºÃ�{q{��j�lGk?mJr��(uvl�hv�%��q{wYg8x!hvk?l�oDw=jVl�rTkPoPg(l�j rT��x%z(k?l�oDh2j�l�~8l�rJjVÄ(kYlG~8lG�!wPj0�
¶�l�rTk�oÈg(h.�(��sOq{k�w?gil�rJj?j�q!oDh2r�w?l�xtz(kYq!x*Ä�oDwYhvqJ�tqTs�rÉz�r�hvk ¡ �S�£º�¥�h.��jVhv�i�{uvl�z(giq{w?qJ�tÕ���r�uSjVwPr�w?l�j
r�w��B�=�=�duvl�r{x(j;wYq�oDqJ��jVwYkPrTh.�*w�j;q{� ��� x*lGz�lG��x*h.�(�8qJ�y���Ã��j�rT�ÇlG�irT~8z(u.l'�����Çg�r{j���lGlG�
sOqJÄ(��xtwYqd��l%�Jk?l�r�w?lGk�wYg�rT� �J�v��f�lG¬%��¨*�E®Xf�lG¬ rT��xÇ¨*�«½{¹8f�lG¬ÐsOqJk��*�£»Xq{kÃ²�lG�!w?k�r8x*hv~XlG�8�
j�hvqJ��jD�Sk?l�j�z�l�oDw?h.m'lGuv� Üà¹J�{ÞÖ��º;k�rGm*h.w?q{��j�n�qJÄ(u2xÇrTu|jVq���l�k?l�j�z�qJ��jVh.�(uvl�sOq{kÃx*lGm!h2r�w?hvqJ��j�n�kYw�w?g(l
¶�� h.��z(k?l�oDh2j�l�~8l�rJjVÄ(kYlG~8lG�!wPj0��¦=q{~��(hv�(h.�(��q{��j�lGk?mJrT�iuvl�j;h.�ÇjVlGm'l�kPrTu�Õ���r�u=jVw�rTwYl�j�rTw%�B�=�^�
wYg(l�Äiuvw?k�r9�ßm*h.q{u.lGwSoDÄ(w.�ÖqC�qTs�wYg(l�Äi��x*lGkYuv�!hv�(� � Ä�rT�!w?Ä(~¼�{k�rGm*h.wV��w?g(lGqJk?�Ãg�r{j^��lGl��%oDqJ��jVwYkPrTh.�(l�x
wYq���lÃu2rTkY�{lGk�w?g�rT��¨!�±ª�f�l�¬ ¡ k?l�j�z����J�v�Ãf�lG¬Ã¥=hÝs w?g(l�hv�!w?l�kVsOlGkYlG��oDl���lGw�n@lGlG�8wYg(l�¶��ÛrT��xyº
l��(oPg�rT�i�{lÃrT~8ziuvhvwYÄ�x*l�j
h|j��(lG�'r�w?h.m'l ¡ k?l�j�z��
z�q'j�hvw?h.m'l{¥�Ü ¹{�{Þß�

� � ��������b��Sb a �

f�gil�z(g(l��(q{~8l��(q{u.q{�{�XqTs@�;h.�{��j���q�jVqJ��j�h2j�uvh.w?wYuvl�~8q!x!lGuD� x*lGz�lG��x!lG�*w�n�gih2oPg�rTu.uvq�n�jÒwYq8o0qTm'l�k
j�lGm'lGk�rTu(wYg(lGq{kYlGw?h|oGrTu(sOk�rT~8lGn@q{kYÊ(j^n�h.w?g�r�uvh.~8hvwYl�x��*Ä(~���lGk
q�s jVl�r�kPoPg(l�jD� �Òl�jVÄ(u.wPj�l���oDq{~Xz�r{jYj
�ilGÄ(w?k�rTu �;hv�J�'j���q'jVqJ��j�r{j;l��*z�l�oDwYl�x8hv��w?g(l�¶������y¶(¶���r���xt��lG�'q{��x£�£rJjÒn@lGuvuSrJj�oPg�rTkY�{l�x
��hv�{��j���q'jVqJ��j;h.�dw�n@q��;hv�J�'j�x*q{Ä(�iuvlGw�~8q!x!lGu2j0�

����� � ��� �l�i� �
���a�� � �
�������b�����l	 
/� 	#���

¾Ö�Çw?g(l%~Lr{j?j�k�rT�(�Jl8oDÄik?k?l��*wYuv��Ä(��x*l�k�j�w?Ä�x!�'��/,�2-G� rTkYq{Ä(��x �G¨{¨�º�lG¬� ���D��qJ�(uv���B�=�Ún�qJÄ(u2x
��l jVlG��j�hvwYhvm'l�w?qÇw?g(lÇ¶�� �;h.�{��jÉ��q'j�q{���¼f�gilt~�r�hv� z(k?q!x!Ä�oDw?h.q{� z(k?q!oDl�j?j�u.l�r{x(j%w?q z�rTh.kPj
q�s���hv�{��j%rT��xÆ´ ��q'jVqJ��jD�@n�hvw?g w?g(l�´ ��q'j�q{�ÆqJ�8� jVg(lGu.uÖ� �;Ä(l8wYq�w?g(l�oDu.l�rT��l��*z�lGkYhv~8lG�!wPr�u
l��*m!hvkYq{�(~8l��*w���rTuvu�´�Õ���rTuBj�wPrTwYl�j=rTkYl;lG�!z(u.q{hvwYl�x£� ¾ ��rJx(x*h.w?hvqJ���*wYg(l��;h.�{�'j=��q'jVqJ�8h2j
lG�!z�l�oDwYl�x
wYq�x*l�o�r���~�rTh.�(uv�Xhv�!w?q�r�� �yz�r�hvk ¡ w?g(lÃ�(kPr���oPg(hv�(�8sOk�r{oDwYhvq{��h|j�³ ª{�¯ÔÅsOqJk�r��G¨J¨ º�lG¬� 9���

�G¹



��hv�{��jÒ��q�jVq{�B¥�jVq�w?g�r�w;l��(oDl�uvuvl��*w=�8�ßwPr��{�{h.�(��oGr�z�rT�ihvuvh.w?h.l�j�q�s=w?g(l%�B�=� x*lGw?l�oDw?qJkPj�g(lGu.z�rÉu.q{w
h.��w?g(l�j�lÃjVl�r�kPoPg(l�jD�

�(Ê!� x(r�wPr lG�!z��^u.hv~8h.w qJ��jD�=uvh.~8hvw � �Y¦����
¡ º�lG¬� 9���D¥ ¡ º�lG¬� ���È¥ rTw�q{��j0��u.hv~��

���B�=�=� »{»i�à» ½{¹ °{½*�«° °J�*�±° »!Ô
�����B�=��¾ �T®��!�Ý® �Gª'® °T»(�«² °�»(�v� �J¨¯Ô

�B¹ °*�J�v� °T» °T»(�«ª °J½*�±¹ ²�»*Ô
À��£��� ¹{½!�à» »(� °T»(�«° °!�{�±¨ »!Ô

fSrT�iuvl�ª!Á
��rTw?l�j�rT��xLl��(oDu.Ä�jVh.q{��uvh.~8hvw�j�qJ�(wPr�hv�(l�xXrTw;�B�=� hv��w?g(l�¶�� �;h.�{�'j=��q'jVqJ��jVl�r�kPoPg(l�j
h.���Gª{°�º;l�¬�x(r�wPr*� �Òl�jVÄ(u.wPj�q{��j�lGk?m'l�x�h.��xirTwPr�rTk?lÓoDq{~Xz�rTkYl�x;n�hvwYg�lG�!z�l�oDw�rTw?h.q{��j�sOkYq{~¼��rJoÈÊ �
�Jk?qJÄ(��xtj�hv~�Ä(u2r�w?h.q{���Sf�g(l�u2rJjVw�oDqJuvÄ(~X�8�{h.m'l�j�wYg(l�z(k?qJ��rT�(h.uvh.wV��w?q%g�r�m'l}r�uvl�jYj���r{oPÊ*�Jk?qJÄ(��x��
u.hvÊ'l�k?l�j�Ä(uvw�wYg�rT��w?g�r�w;qJ��jVl�k?m'l�x£�

� �(Ê*� x(rTw�r lG�!z��
uvh.~8hvw q{��j0��u.hv~8h.w
¡ z(� ¢(¤ ¥ ¡ º�lG¬� � � ¥ ¡ º�lG¬� � � ¥

���B�=�=� °Jª ¹{�*�«¹ �¯® °J°*�±° °{ª!�±ª
���Ó�B�=��¾ ª�» �G½*� » �G½ °'®'�±¨ °¯®��±¹

�B¹ �G¨J° »'�*�«� ¹{ª °'®'�±¹ °{ª!�Ý®
À��B��� ªJ½ �*�{�«¨ �{¹ °'®'�±¹ °{½!�à»

fSrT�iuvl�°!Á
��rTw?l�j�rT��xLl��(oDu.Ä�jVh.q{��uvh.~8hvw�j�qJ�(wPr�hv�(l�xXrTw;�B�=� hv��w?g(l�¶�� �;h.�{�'j=��q'jVqJ��jVl�r�kPoPg(l�j
h.�%x(r�wPr�rTwÓ�G°{��r���x8�G°J²\º�lG¬\�{��l�jVÄiuvwPjSq{��j�lGk?m'l�x�hv�\x(rTw�r�r�k?l�oDqJ~8z�r�k?l�x�n�hvw?gÃlG�!z�l�oDwPr�w?hvqJ��j
sOkYq{~Å��r{oPÊ*�Jk?q{Äi��xtj�hv~�Ä(u2r�w?hvqJ���

f�g(l�k?l�jVÄ(u.wPj
q{�(w�rTh.�(l�x8r�w;��ª{°�º�lG¬ �*�Ãw?g(l�sOq{Äik;�B�=��lG�*z�lGkYhv~8l��*w�j�Ü ¹{¹TÞBr�k?l�x*lGwPr�hvu.l�x�hv�
fSrT�iuvl�ª�r�w=w?g(l�u.lGm'lGu!qTsSj�lGuvl�oDw?h.q{��j^n�gilGk?l�x(r�wPrÃrTk?l�rJoDw?Ä�rTuvu.��oDq{~Xz�rTkYl�x�n�h.w?gXjVhv~�Ä(u|rTw?h.q{�Ãw?q
wYl�jVw�wYg(l%��r{oPÊ!�{k?qJÄ(��x�r���xÇjVhv�J��rTu � ��r{oPÊ*�Jk?qJÄ(��xyg!�*z�qJw?g(l�j�l�j�rT��xÇx*lGkYhvm'l%lG�ioDu.Ä�jVh.q{�tu.hv~8h.wPj
qJk�x*h2jYoDq�m'lGk?� jVhv�J�(hÝÕ�oGrT��o0l�jD�pf�q�r{oPg(h.lGm'ltwYg(l�g(hv�Jg(l�j�wtj�lG��j�hvw?h.m*h.w�� wYqÆwYg(l�j�hv�J��rTuß�;w?gil�jVl
x!lGk?h.m{r�w?h.q{��j�kYlGuv��qJ� rÂwYl�jVw.��j�wPrTwYh2j�w?h2o8n�g(h|oÈg ����l�j�h2x*l�j�wYg(l�kPr�w?l�j0��w�rTÊ'l�rTu|jVqÇhv�!w?qÇr{o�oDq{Ä(�!w
wYg(l%z�r�w?w?l�k?�ÇqTs�wYg(l�jVl�uvl�oDwYl�xdl�m'lG�*w�j ¡ wYg(l%k?l�oDq{��j�w?kYÄ�oDw?l�x��;hv�J�'j���q'jVqJ��~�rJj?jD�B~�����q{k�~��
r���xÆr��(q{wYg(lGkXx*h2jYoDk?h.~8hv��rT�!w�mJr�k?h2r��(uvl�uvh.Ê'l�wYg(ltlGm'l��*wÃ�8� � Ä�r�k?Ê oDq{�!w?l��*w0¥XÜà¹T»JÞÖ� f�g(l�~8q{kYl
h.�*sOq{kY~�rTwYhvqJ�thv��wYg(l�oDqJ~8z�rTkYh2j�q{���£wYg(l�l�rTkYuvhvl�k;wYg(l%lGm'lG�!w�j�lGuvl�oDw?h.q{�tzik?q!oDl�x!Ä(k?l%h|j�j�w?qJz(z�l�x£�
rJj8hvuvu.Ä�jVwYkPr�w?l�x hv� fSrT�(u.lÇª �!� w?g(lÇx!hDCBlGk?l��*wXjVlGu.l�oDwYhvq{� uvlGm'l�u2j%hv��w?giltsOq{Ä(k8l��*z�lGkYhv~8lG�!wPj0�
f�gilGk?l�h2jÃrT� lG�(o0l�j?j�hv� x(rTw�rthv� w?gik?lGl8l��*z�lGkYhv~8lG�!wPj0��n�g(h2oPg h2j�z�rTk?wYuv� j�hv�J��rTu �Öu.hvÊ'l�hv� w�n�q
q�s�w?gilG~��
rJjÉkYlGm'l�r�uvl�xy�!��wYg(l�x*hDCBlGkYlG��oDl8q�sÃrtsOlGn º�lG¬Ã ���É��lGw�n�l�lG��w?gildqJ��jVl�k?m'l�x rT��x
l��*z�l�oDwYl�x�lG�ioDu.Ä�jVh.q{��uvh.~8hvw�jD�S�ÒsOw?l�k�hv�!m'l�jVwYhv�'r�w?h.q{���!z�rTkYw;q�s=w?g(l�lG�ioDl�jYj�n�rJj�rTw?wYk?h.�(Ä(w?l�xdw?qXr

�D»



0

5

10

15

20

25

30

0 20 40 60 80 100 120

Reconstructed mH (GeV/c2)

E
ve

nt
s/

4 
G

eV
/c

2

LEP combined data
background
hZ simulation (95 GeV/c2)

√s =192-196 GeV
Preliminary

§Shv�{Äik?l�®'ÁS��l�oDq{��jVw?kYÄ�oDwYl�x��;hv�J�'j£��q'j�q{�%~�rJj?j�jVz�l�o0w?k?Äi~Úhv���B����xirTwPr�rTw@�G°J�;r���x���°{²�º�lG¬\�
��rTwPr ¡ x!q{wPjP¥BrTkYl�o0q{~8z�r�k?l�x�n�hvw?g���rJoÈÊ!�{kYq{Ä(��x�j�hv~�Ä(u2r�w?h.q{� ¡ sOÄ(u.u{g(h|jVw?qJ�{k�rT~t¥Br���x�n�hvw?gÃj�hv�{��rTu
j�hv~�Ä(u2r�w?h.q{��hv��w?g(lÃg*�!z�q{w?gil�jVh|j;qTs@r�¶����;h.�{�'j���q�jVqJ�yq�s�°J½dº�lG¬� 9� � ¡ x(r{j�g(l�xtg(h|jVw?qJ�{k�rT~t¥��
®�»�l�m'lG�*w�j�r�k?lÃjVlGu.l�oDwYl�x�hv��x(r�wPr%n�g(hvu.l�ª*�J�v�ÃrTkYl�lG�!z�l�oDw?l�xÉsOk?qJ~Å��r{oPÊ!�{k?qJÄ(��x£�

j��(j�w?lG~LrTw?h|o��(h|r{j0� ��gilG��o0q{~��(hv�(h.�(��w?g(l%sOq{Ä(k%�B�=�ÚlG�!z�l�k?hv~XlG�*w�jD�(wYg(l�l��(oDu.Ä�jVh.q{��u.hv~8h.w�h2j
°J½*�«�Lº�lG¬� 9����sOq{k�r��tlG�!z�l�oDw�rTw?h.q{��qTsÎ°¯®��±�8º�lG¬� ���ÃÜà¹{½{Þß�

�¼z(k?lGu.hv~8h.��rTkY��Äiz£xirTw?lXrTw\�G°{²�º;l�¬Ín�r{j�k?lGz�q{kYw?l�x�r�w�w?gil%oDqJ�*sOlGk?l���oDl�Ü ¹{²�ÞÖ�Br{j�j�g(q�n��
h.� f^r��(uvl °*�pf�g(lÇk?l�oDq{��j�w?kYÄ�oDw?l�x��;hv�J�'j8��q'jVqJ�¼~�r{jYj8x*h2j�w?kYhv�(Ä(wYhvqJ� r�sOw?l�kdwYhv�Jg*wYlGk�jVl�uvl�o �
wYhvqJ��j�h|j��{h.m'lG��hv� §^hv�JÄ(k?l�®'��f�g(l8lG�ioDl�jYj�jVlGlG� rTw���ª{°yº�lG¬pg�r{j��(q{w%��lGl���oDqJ�*Õ�kY~8l�xÇrTw
gihv�{gilGk�lG�(lGkY�{h.l�j�r���x�x(rTw�r�r��{k?l�l�n�h.w?g8l��*z�l�oDw�rTwYhvq{��jD�=�ÒsOwYlGk�wYg(l�oDqJ�*sOlGk?l���oDl'�!w?g(l�j�l�k?l�jVÄ(u.wPj
n@lGk?l�o0q{~��(hv�(l�x£�£�{h.m*h.�(��rT��l��(oDu.Ä�jVh.q{��u.hv~8h.w�qTsÃ�G¨J�*�«²Âº�lG¬� 9���G��sOq{kÃrT��l��*z�l�oDwYl�xtuvh.~8hvw�qTs
��¨{�!�±¹Âº�lG¬Ã � � Üà¹'®GÞß�8��w�w?g(l�lG��xÇqTs�wYg(l�±°{°�k?Ä(� ��n�gih2oPgykYl�r{oPg(l�x � �$ ��{¨J�Âº�lG¬%�BlG�*z�lGk.�
h.~8lG�!wPj;kYlGz�q{kYw?l�x�z(kYlGuvh.~8hv��r�k?��uvh.~8hvw�j;Ä(z w?q �G¨J² º�lG¬� 9���0�
hv���Jq'q!x�rT�Jk?lGlG~XlG�*w�n�hvw?g w?g(l
l��*z�l�oDwYl�x�q{�(l�j�Üà¹JªTÞÖ� �
k?q�jVz�l�oDw�jÉsOq{kXw?g(l�u2r{j�w�kYÄ(��qTs\�B���prTw � ��Ä(zÆwYq �{¨J² º�lG¬ r�k?l
�J�D»8º�lG¬� 9����sOqJk�w?g(l}°{½¯Ô lG�(o0uvÄ�j�hvq{��q{k�¹���x*h2jYoDq�m'lGk?�%z�qJw?lG�!w?h|rTu2j@rT��x��J�{�%º;l�¬� ����sOq{k@w?g(l
½��tx*h|j?oDq�m'lGkY�ÃjVlG��j�hvwYhvm!hvw��'��n�g(lG��w?g(l�sOq{Ä(k@lG�!z�l�k?hv~XlG�*w�j�rTkYl�oDqJ~��ihv�(l�xXÜà¹J°TÞÖ� �;hv�Jg(lGk=~�rJj?jVl�j
ÄizdwYqt��ª{¨dº�lG¬Ã ����jVg(qJÄ(u2x�w?g(lG����l%rJoGoDl�jYjVh.�(uvl�h.��w?g(l�sOÄ(wYÄ(k?l�g(h.�{g�uvÄ(~Xhv�(q�jVhvw��%kYÄ(��r�w�w?g(l
f�lGmJrTwYk?qJ� Üá»�¨TÞß�

�G½



����� � ����� �
� �e���� � �b����� 	 
N� 	i�e�
	

�tq�jVw�k?l�jVÄ(u.wPj�rT��q{Äiw��(lGÄiw?kPr�u@�;hv�J�'j���q'jVqJ��j�hv�Çw?gilB�y¶(¶�� o0q{~8l�r�u2jVq8sOkYq{~��B�=�^�Sn�g(h2oPg
h|j�jVlG��jVhvwYhvm'l�wYq%w?g(l�w�n�q%u.hv�Jg*wYl�jVw���q'j�q{��j0��g rT��x�����f�gilGk?lÃrTkYl�wVn@q%z(k?q!x!Ä�oDw?h.q{��z(k?q!oDl�j?jVl�jD�
l ¸ l ¢�� g£´S�Gu.hvÊ'l
h.��w?gilÒ¶��ÅoGr{j�l'�JrT��x�l ¸ l ¢�� g�����f�g(l@w�n�q�z(kYq!oDl�j?j�l�j
r�k?l�o0q{~8z(u.lG~�lG�*w�rTkY�
h.��w?gil�z�r�kPr�~8lGw?l�k�j�z�r{o0l'��¾Ö�ywYg(l8~�rJj?j�kPr��(�{l���lGw�n�l�lG��ªJ¨�rT��x �{�G¨yº�lG¬Ã ���G�
w?g(l�~�rTh.�
x!l�oGrG�Æ~8q!x!ltqTs\��q{w?g ��q'j�q{��j�h2j�rT��rThv� hv��� � h.��~8q'j�w�q�s%w?gil�z�rTk�rT~8lGwYlGkXjVz�rJoDl'�;n�h.w?g
�ikPrT��oÈg(h.�(��sOk�r{oDwYhvq{��j;�{kYl�rTwYlGk�w?g�rT�Çhv�twYg(l8¶�� ¡ ³ °*�TÔ�¥P�Ãf�g(l�x*qJ~8hv��rT�!w�g£´�Õ���rTuÎjVwPr�w?l�j
r�k?lXr{j�hv��wYg(l�¶�� oGr{j�l'��n�g(hvu.l%g�� h|j;lG�!z�l�oDw?l�xtw?q��{h.m'l%~8q'j�w?uv��� �i� ��r���x : ¸ : ¢ � �ÂÕ���rTu
j�wPr�w?l�j0���;l�k?l�r��'rTh.���(�8�ßwPr��{�{h.�(�8z(u|rG�(j�r�oDk?Ä�oDh2r�u£k��qJuvl'�

f�g(l�w?gilGq{kYlGw?h|oGrTu
sOkPr�~8lGn@q{k?Ê�qTsÓw?g(l�j�l8j�l�rTk�oÈgil�j�h2j�w?g(l@�y¶(¶�� n�hvwYg ���XoDqJ��jVlGkYmJrTw?h.q{�
r���xÆj�qTsOw8�ik?l�r�Ê*h.�(�ywYlGk?~Lj�Ä(�(hEÕ�l�x rTw�w?g(l � � j?oGr�uvl'��¾Ö� w?gil��y¶(¶�� w?g(l��;h.�{�'j%��q'j�q{�
~Lr{j?j�l�j%rTkYlÇoDq{�i�(l�oDwYl�x�w?q�l�rJoÈg qJw?g(lGk���jVq w?g�r�w�rTw�w?kYlGl�uvlGm'lGuß�
w?g(l�k?l�r�k?l�q{�(u.� w�n@qÂsOkYlGl
z�rTkPr�~8lGwYlGkPj0ÁÉw�rT� � rT��x q{�(lL�;hv�J�'j���q'j�q{�Æ~Lr{j?j�l�jD�
qJkG�=r�uvw?l�k?��r�w?hvm'l�uv�'��w�n�qÇ�;h.�{��j���q'j�q{�
~Lr{j?j�l�jD�!lG��~��tr���x8~����=f�g(l�zik?q{z�lGkYw?h.l�j�qTs w?g(l �y¶(¶�� �;h.�{�'j=��q'jVqJ��jD�BrT��xLh.�8z�r�k?w?h|oDÄ(u|rTk
wYg(l�~�rJj?j%k?lGu|rTw?h.q{��j�g(hvz�jD��rTkYly~8q!x!hÝÕ�l�x �*� k�r{x*h|rTw?h.m'l�oDqJk?kYl�oDw?h.q{��j�n�g(h2oPgÆh.�*wYk?q!x*Ä�o0ltÕ�m'l
rJx(x*h.w?hvqJ��rTu@z�rTk�rT~8l�w?lGk�jDÁ�w?g(l8~Lr{j?j�q�s�w?g(l8wYq{z � Ä�r�k?ÊB�^w?gil8�;h.�{��j�~8h.�*h.�(�8z�r�kPrT~XlGw?lGk��?�
�
wYg(l�oDqJ~8~8q{��jÖsOlGk?~8h.q{��~�r{jYj;w?lGkY~ rTw�w?g(l�� � j?oGr�uvl'���	�(�Bw?g(l�oDqJ~8~8qJ�Â¶¯µ ¡ �'¥;��rTÄ(�Jhv�(q
~Lr{j?j�wYlGk?~ � r�w;wYg(lÃ� � j?oGr�uvl'� � � ��rT��x�w?g(lÃoDqJ~8~8q{�Xj � Ä�r�k?Ê�w?kYhD�ßuvhv�il�rTkÓoDq{Ä(ziuvhv�i��rTw�w?g(l� � j?oGr�uvl'�=�Ã�
f�g(l�hv�!w?l�k?z(kYlGwPr�w?hvqJ��qTs}w?g(l8l��*z�lGkYhv~8lG�!wPr�u
k?l�jVÄ(u.wPj%x*lGz�lG��x qJ� w?g(l�mJrTu.Ä(l�j
rJj?j�Ä(~8l�x�sOq{k�wYg(l�j�l�z�rTkPr�~8lGwYlGkPj0�


 � � �	� � · �� � � � � � ��� © ��� � · �G· �
µ�jVhv�i��uvl�rJx*hv�i��qJkPx*l�k
w�n�q �ßuvq'qJz�oGr�u2oDÄ(u|rTwYhvq{��j^qTsBw?gil;k�r{x*h|rTw?h.m'l�oDqJk?kYl�oDw?h.q{��jÓÜá»(�0ÞÖ�'��lG��oPg(~�r�k?Ê
mJr�uvÄ(l�j�g�rGm'l%��lGlG� x*lDÕ��(l�xdsOq{k�wYg(l�z�rTkPr�~8lGwYlGkPj;��lG�'qJ��x�w?k?l�l��Öu.lGm'lGu@Ü »'�TÞßÁ%�T®�½Âº�lG¬� 9����sOq{k
wYg(l�w?qJz�~Lr{j?j0�(��f�l�¬� �o)�^sOqJk � � r���xd�J�±²�f�lG¬� �o � sOqJk � � �
f�n@q���l���oÈgi~�rTkYÊ�jYoDlG��r�k?h.q'j�Üá»��TÞg�r�m'l���lGlG� x!lDÕ��(l�xtsOq{kÃw?g(lXz�rTk�rT~8lGwYlGkPj��ÅrT��xd�
�^n�gih2oPg x*lGwYlGk?~8h.�(l�wYg(l�~8hv�!hv�(�Xhv�Çw?g(l
j�w?qJz jVl�o0w?q{k�Á��(q�~8hv�!hv�(� ¡ �  p¨!�A�  ��Ã�G¨J¨ º�lG¬�¥�rT��xy~�rT�!hv~LrTuS~8hv�!hv�(� ¡ �  � ²$�	���
�� ��Ã�G¨J¨ º�lG¬�¥��*f�gil;�(q%~Xhv�!hv�(��g*�!z�q{wYg(l�jVh|j�u.l�r{x(j=w?qÃ~8hv�(h.~8r�u*k�r{x*h|rTwYhvm'l�oDqJk?k?l�oDw?h.q{��j=w?q
~���n�g(hvu.l�w?gil�~LrT�!hv~�r�u�~Xhv�!hv�(��hv��x*Ä�oDl�j�wYg(l�u2r�k?�{l�jVw�oDqJk?k?l�oDw?h.q{��j0��f�g(h|j�x*lDÕ��il�j�w?g(lÃÄ�jVÄ�rTu
sOk�rT~8l�n�q{kYÊÉsOqJk�w?g(l�h.�*wYlGk?z(kYlGwPr�w?h.q{��qTs w?g(l �y¶(¶�� �(l�Ä(w?k�rTuS�;h.�{�'j���q�jVq{�Çj�l�rTk�oÈgil�jD�

��l�jVÄiuvwPj�qJ�(wPr�hv�(l�xÇrTw��B�=� r�w��Gª{°yº�lG¬Íh.�ywYg(l�g�� oPg�r��(�(lGu=r�k?lXjVÄ(~X~�rTkYh 0Gl�x8h.��fSr9�
�iuvlÃ�G¨*�@f�g(l�j�l;kYl�jVÄiuvwPj0�*wYq{�{l�w?g(lGk@n�hvwYg8w?g(l�g£´�kYl�jVÄ(u.wPj=k?lGh.�*wYlGk?z(kYlGw?l�x�hv��w?g(l �y¶i¶�� sOk�rT~8l��
n@q{kYÊ£�ÃrTu.uvq�n w?q jVlGwÇoDqJ��jVwYkPr�hv�!wPjdqJ�¼~�����~��¼rT��xÚw�rT� �=� ��jtr��¼lG�(r�~8z(u.l'��§^h.�{Ä(kYl ª
kYlGz(kYl�jVlG�!wPj�w?g(l�kYlG�{h.q{� qTs�w?g(l ¡ wPr��2�=�=~ � ¥�z(u|rT�(lXlG�(o0uvÄ�x*l�xy�*�Çw?gilto0q{~��(hv��r�w?h.q{�ÇqTs�w?g(l
�B�=� kYl�jVÄiuvwPj�Ä(z�w?q���ª{°�º;l�¬%��h.�twYg(l%uvl�jYjÒsßrGm'q{Ä(k�rT�(u.l%oGrJjVl%q�s�w?gil%~�rT�!hv~�r�u£~8h.�*h.�(��Üà¹J½TÞß�
��g�rTw?l�m'lGk�wYg(l�~8hv�!hv�(��g!�*z�qJw?g(l�j�h2j0�(w?g(l�j�l�oDqJ~��(h.�(l�x%k?l�j�Ä(uvw�j�lG�ioDuvÄ�x!l��;h.�{��jÒ��q'j�q{��j�Ä(z�w?q

�%!?>B"�WlS��_\ P3&)9BPI5f.;,l6�&)8+8?(-"1*+6 &G(?(+>B" gihj8+H_&GMf"IL��  L;5f8?*-"1MU&)(-"1@p(+,�� � (->B*+,I9BP'>�(+>;"lXaW�! *+"%M`&G(+57,'.
�  �� S������'\ (J&G. �"!$#%� � L3=?>B57M7"a(+>B" V3WlS&�'\ P &G9BP'57.B, 6<&G8+8 (+"1*-6NL���''LB578?8-"1(�$35U&�(->B"�PIMf9;5f.;,l6�&)8+8�L3=?>B57H�><578
(J&)mI"1.�""(394&)M�(+,)�+*�q

�G²



ªJ¨*�E®�º�lG¬� 9���
sOq{k�~���rT��x8ªJ¨*�«°�º;l�¬� ���ÎsOqJk�~�� sOq{k�w�rT� ���{kYl�rTwYlGk�wYg�rT��¨!�à»i�=�Òw
w�rT� �
³¿�{�
wYg(l%lG�!z�lGk?h.~8lG�!wPrTu�u.q�n�lGk�u.hv~8h.w�q{�Ç~ � h|j�rT��q�m'l%w?g(l�w?g(l�q{k?l�w?h2o�rTuSÄ(z(z�lGk���q{Ä(��xÇq{�Ç~ � jVq
wYg�rTw�wPrT� � h|jÒlG�ioDu.Ä�x*l�x8��lGw�n�lGl���¨*�«°�r���x��{�«² ¡ ¨!�±²�rT��x��!�±²'¥�hv��w?g(lÃ~�rT�!hv~�r�u�~8hv�!hv�(� ¡ �(q
~Xhv�!hv�(�!¥
g!�*z�q{wYg(l�j�h2jD��f�gil�lG�!z�l�oDw?l�xduvh.~8hvw�j�qJ����qJw?g�~�rJj?j�l�j;r�k?l�½8º�lG¬� � � g(hv�Jg(lGk�n�g(hvu.l
wYg(l�lG�!z�l�oDw?l�x�lG�(o0uvÄ�x*l�x�kPr��(�{l�j�hv��w�rT� ��r��{k?l�l�n�hvwYg�w?g(l�q{��jVlGkYm'l�x8q{�(l�j0�

1

10

10 2

0 20 40 60 80 100 120 140
mh (GeV/c2)

ta
nβ

Excluded
by  LEP

Theoretically
Inaccessible

Maximal Mixing

CDF
limit

§Shv�{Äik?lÇª*Á ��lG�{h.q{��j8hv��wYg(l ¡ ~ � ��wPrT� �
¥�z(u2r��(l�lG�ioDuvÄ�x*l�xÆ�!�Æw?gil �y¶(¶�� ��hv�{��j���q'j�q{�
j�l�rTk�oÈgil�j�rTw��B�=�Æhv��x(rTw�rÉÄiztw?q��GªJ°Lº�lG¬\��rT��x�rTw�¦@��§�hv��k?Ä(� ¾�x(r�wPr!��f�g(lÃk?lG�JhvqJ��jÒ�iq{w
r�uvu.qTn@l�x8�*��wYg(l6�y¶(¶�� sOq{k�rÉwYq{z�~�rJj?j�qTs���®�½dº�lG¬Ã � � rd¶!µ�¶��¿jYoGrTu.l�qTs��Ãf�l�¬� �o � rT��x
~LrT�!hv~�r�u£~8h.�*h.�(�%hv��w?g(l�j�w?q{z jVl�oDw?qJk�rTkYl�rTu2j�q8hv��x*h2oGr�w?l�xB��f�g(l�x*q{wYw?l�x�o0Ä(k?m'lÃh2j�w?g(l8�B�=�
l��*z�l�oDwYl�x�u.hv~8h.wG�

¾Öw�~�Ä�j�w���l��iq{w?l�x�w?g�r�wG�ioDq{�!w?k�rTk?��w?q%wYg(l�u.hv~8h.wPj�q{��~�r{jYjVl�j0�'w?g(l�u.hv~8h.w
q{�XwPrT� ��h2j=m'lGk?�
j�lG��j�hvw?h.m'l%w?q�w?g(l�mJrTuvÄil�j�qTs�w?gil�Ä(��x*lGk?u.�*h.�(��z�rTk�rT~8l�w?lGk�jD�£n�g(h|oÈgÇg�rGm'lXrLu|rTkY�{l8h.~8z�r{o0w;qJ�
wYg(l�wYg(lGq{kYlGw?h|oGrTuBÄ(z(z�lGk���q{Äi��x8q{��~��J�=��j�r��dl��(r�~8z(uvl��{w?g(h|j�Ä(z(z�lGk@��qJÄ(��x�hv��oDkYl�r{j�l�j�n�h.w?g
h.��oDkYl�r{j�hv�(��w?qJz � Ä�rTkYÊ�~�r{jYjVl�jSrT��x%�(q�u.hv~8h.w£qJ�%wPrT� ��h2j�q{�(w�rTh.�(l�x�hÝsBwYg(l�wYq{z%~�rJj?j^h|j�~8q�m'l�x
�!��w�n@q�jVw�rT��x(r�kPx8x!lGm*h|rTwYhvq{��jD�
f�gil�z(Ä(k?l �y¶i¶��Åz�rTk�rT~8lGwYlGkPjSq{k=w?g(l�qJkPx*l�k
qTs w?g(l�k�r{x*h|rTw?h.m'l
o0q{k?kYl�oDwYhvq{�Ço�rTu2o0Ä(u2r�w?hvqJ��j�g�rGm'l�rTu|jVq�r8�(q{���ilG�{u.hv�{h.�(uvlÃl�CBl�oDw���¶'q(�Sw?g(l%l��(oDu.Ä�x*l�xtk�rT�(�Jl�j�hv�
w�rT� � oGrT�(�iq{w���l%wPr�Ê'lG�Çr{j�rT� rT��j�q{uvÄiw?l%k?l�jVÄ(u.wG��lGm'lG�thEs@w?g(lÃ~�rT�!hv~�r�u£~8h.�*h.�(�%g!�*z�q{wYg(l�j�h2j

�T®



�iÊ*� x(rTw�r ~���uvhv~XhvwPj ¡ º�lG¬� 9���P¥ ~���uvh.~8hvw�j ¡ º�lG¬Ã ���È¥
qJ��jVlGkYm'l�x lG�*z�l�o0w?l�x qJ��jVlGkYm'l�x l��*z�l�oDwYl�x

���B�=�=� ®'�±½ �G¨ ª{�*�«½ ª{¹*�.� ª{¹*�.� ª{¹!�±²
���Ó�B�=��¾ �J�*�«² �T» ª{�*�.� ª*�{�.� ª{¹*�.� ª{�!�±�

�B¹ �0»'¨*�«² ��½{¹ ®�²*�«¨ ®�ª*�«¨ ®�²*�«¨ ®�°!�±¨
À��B��� ���*�«° �G½ ®G»(�«ª ®�²*� » ®�²*�«½ ®�ª!�±�

fSrT�iuvl��G¨!Á=�;r�w?l�j�r���x8lG�(o0uvÄ�j�hvq{�Xuvhv~XhvwPjSq{�(w�rThv�il�x�rTw��B�=�Æhv�8wYg(l �y¶(¶�� g��¼�;h.�{��j���q'j�q{�
j�l�rTk�oÈgil�j�hv�Ç�GªJ°Lº�lG¬¿x(r�wPr!����l�jVÄiuvwPj�qJ��jVl�k?m'l�x8hv��x(r�wPr�rTkYl%oDqJ~8z�rTkYl�x�n�h.w?g�lG�!z�l�oDwPr�w?hvqJ��j
sOkYq{~Å��r{oPÊ*�Jk?q{Äi��xtj�hv~�Ä(u2r�w?hvqJ���

h|j�rÉz�l�jYjVh.~8h2j�w?h2o�j?o0lG��rTkYhvqi�
�;u|jVq x*h2j�z(u2rG�'l�x�hv� §^hv�JÄ(k?lLªdh2j�w?g(l�k?l�oDlG�!wÉ¦@��§ k?l�j�Ä(uvwLÜá»�¹TÞ�r�w�u|rTk?�Jl8wPr��2�=��¾Ö��w?gih2j

kYlG�{h.q{���=w?gildzik?q!x*Ä�o0w?hvqJ��oDkYq'jYj � jVl�oDwYhvqJ�Æh2j�u|rTkY�{ltl��(q{Ä(�JgÆwYq�~�rTÊ'l�f�lGmJrTwYk?qJ��jVl���jVh.w?hvm'lXw?q
wYg(l�z(kYq!x*Ä�oDwYhvqJ�dzik?q!oDl�jYj�z z � � �8g��«���±��n�g(lGkYl�q{�(l}�;hv�J�'j���q'j�q{��h2j=lG~8hvwYl�x�q CÂr���q{w?wYq{~
� Ä�r�k?ÊB�(uvl�rJx*hv�(�%wYq�sOq{Ä(k��8�ßwPr��{�{l�x�Ñ?lGw�jÒh.�8w?g(l�Õ���rTu jVwPr�w?l'�

��l�jVÄiuvwPj�sOk?qJ~ �B�=� l��*z�lGkYhv~8lG�!wPj�n�hvwYg x(r�wPrtÄ(z�wYq �G°J²yº;l�¬ n@lGk?l�r�u2j�qtk?l�z�qJk?wYl�x rTw
wYg(l�o0q{�*sOlGkYlG��oDlÂÜà¹{²{Þß��rJj�j�g(q�n���hv� fSrT�(u.l��{�J� f�g(l�jVl�kYl�jVÄ(u.wPj%n�lGkYl�oDq{~��(hv�il�xyu2r�w?lGk%qJ���
�Jhvm!hv�(�XlG�(o0uvÄ�j�hvq{��uvh.~8hvw�j�qTsÒªT»i�±¹dº�lG¬� 9����qJ�y~��Ãr���xyª�»(�«½dº�lG¬� ����q{�Ç~����£h.��x*lGz�lG��x*lG�!w
q�s
wYg(l�~8hv�!hv�i��g!�!z�qJw?g(l�jVh2j0��rT��x�lG�ioDuvÄ�x!l�xÉk�rT�(�Jl�j�hv��wPr��2�Ç��lGw�n�lGlG�L¨*�±ª�rT��xy�{�«° ¡ ¨!�±½%rT��x
¹!�±�'¥�hv��w?g(l%~�r��*h.~8r�u£~8h.�*h.�(� ¡ �iq8~8hv�!hv�i�*¥
g!�!z�qJw?g(l�jVh2j\Üà¹¯®�ÞÖ���Òw�w?g(lÃlG��xtq�s�wYg(l8«°{°8xirTwPr
w�rTÊ!hv�(�i���B�=�ÆlG�!z�lGk?h.~8lG�!wPj^kYlGz�q{k?wYl�x8~�r{jYj�u.hv~8h.wPj^Ä(z�wYq�°{¨�º�lG¬� 9����rT��x8lG�ioDu.Ä�x*l�x%kPr��(�{l�j
h.��wPr��2� jVq{~XlGn�g�rTw�u|rTk?�JlGk�wYg�rT��wYg(l�oDqJ~��(h.�(l�x�k?l�j�Ä(uvw�r�w��G°{²�º�lG¬ Ü ¹{ª�ÞÖ�%f�g(l�lG�ioDl�jYj;hv�
xirTwPr�q{��j�lGk?m'l�x8�!��À��B����h.�tw?gil�g��¼oPg�rT�(�ilGu
r�w���°{²dº�lG¬¿n�rJj;�(q{w�oDqJ�*Õ�k?~Xl�x�rTw�g(hv�Jg(lGk
l��(lGk?�Jhvl�j��iq{k��!�8w?g(l�qJw?g(lGk�l��*z�lGkYhv~8lG�!wPj0�

� �(Ê!� x(r�wPr ~ � uvh.~8hvw�j ¡ º�lG¬Ã � � ¥
¡ z(� ¢(¤ ¥ qJ��jVl�k?m'l�x lG�!z�l�oDw?l�x

���B���=� °Jª »(�«ª � ª{½!�±� ª{²!�v�
À��£��� ªJ½ ²*�«ª �D» ®G»i�±¹ ®�°!�v�

fSrT�iuvl��{�JÁ=�;r�w?l�j�r���x8lG�(o0uvÄ�j�hvq{�Xuvhv~XhvwPjSq{�(w�rThv�il�x�rTw��B�=�Æhv�8wYg(l �y¶(¶�� g��¼�;h.�{��j���q'j�q{�
j�l�rTk�oÈgil�jÉh.�¼�G°J� r���xÚ�G°J²Æº;l�¬Ûx(rTw�r*�¼��l�jVÄ(u.wPj�qJ��jVl�k?m'l�x hv� x(r�wPr�r�k?lÇoDqJ~8z�rTkYl�x n�h.w?g
l��*z�l�oDw�rTwYhvq{��j�sOk?q{~ ��r{oPÊ*�Jk?qJÄ(��xtj�hv~�Ä(u2r�w?h.q{���

�Gª




 � � ��� � · �S·� ��� � � � ���
�tqJk?l��{l��(lGkPr�u�hv�!w?lGkYz(k?l�wPrTwYhvqJ��j�qTs=wYg(l%�B�=� �;h.�{��j���q�jVqJ�ÇjVl�r�kPoPg(l�j�g�rGm'l���lGlG�tz�lGk�sOq{kY~8l�x£�
jYoGrT�i�(hv�(��q�m'lGkÃw?g(l �y¶(¶�� Ä(��x*lGkYuv�!hv�(��z�rTk�rT~8l�w?lGk�jD�Çf�g(l8z�r�kPr�~8lGw?l�k%jVz�r{oDl�h2j�g(q�n�lGm'l�k
Ä�jVÄ�r�uvuv� k?l�j�w?k?h|oDw?l�xÂ�!��hv~Xz�q�jVh.�(��rJx(x*hvwYhvqJ��rTu�oDqJ��jVwYkPr�hv�!wPjD��-G�54*� w?g(l8l��*z�lGkYhv~8lG�!wPr�u
k?l�jVÄ(u.wPj
qJ��j�Ä(z�lGkPj��*~8~XlGw?kYhvo�z�rTk?wYh2oDu.l�j�q{k�wYg(l ����oDq{��jVw?k�rTh.�*w��=¾ w�nÓr{j�j�g(q�n��tw?g�rTw�w?g(l���lG��oPg(~�r�k?Ê
u.hv~8h.wPj
g(qJu2xthv��~8qJk?l�w?g�rT�Ç°{°!�±°J°¯ÔpqTs@w?gil�z�rTkPr�~8lGwYlGk�jVlGw�j�Ü »{»'ÞSr���xtw?g�r�w;wYg(l�~Lr{j?j�u.hv~8h.wPj
sOkYq{~¼�{l��(lGkPr�u(jYoGrT��j
rTkYl�rÓsOlGn�º�lG¬� 9���Sn�l�r�Ê'lGk�w?g�r��%w?g(l@��lG��oPg(~�rTkYÊ�q{�il�j�Ü »'½{Þß�^��j��JlG�(lGk�rTu
jYoGrT��j�Ä�jVÄ�r�uvu.�8mJrTk?�LrTu2j�q%w?g(l�w?q{z�~�r{jYj � Ä�rTkYÊ�n�h.w?g(h.��wVn@q%j�wPrT��x(rTk�xtx*lGm!h2r�w?h.q{��j0�*w?gil�u.hv~8h.w
qJ�tw�rT� ��mJrT�ih2jVgil�jD�


 � � � � � · �'·� � �^·��B· � ��© � · � ���
��l�oDl��*w�wYg(lGq{kYlGw?h|oGrTu!n�qJk?ÊÃuvl�x�w?q�w�n�q�Öu.q'q{z�oGr�u2oDÄiu2rTwYhvqJ��j^qTsBwYg(l�k�r{x*h|rTw?h.m'l�oDqJk?kYl�oDw?h.q{��jSrTw w?g(l
�ilG�*w.�ÖwYq �ßuvl�rJx*hv�i��q{k�x*lGk=r���xÉwYqÃr;k?l�x!lDÕ��(h.w?hvqJ��q�s�w?gil���l���oÈgi~�rTkYÊ�mJrTuvÄil�j�sOq{k=wYg(l�Ä(��x*l�k?uv�!hv�i�
z�rTkPr�~8lGwYlGkPj%Ü »'²�ÞÖ�%¾Ö��z�r�k?w?h|oDÄ(u|rTkG�Bw?g(l�w?g(l�q{k?l�w?h2o�rTuSÄ(z(z�lGk���q{Ä(��xÇq{�Ç~���nÓr{j;sOq{Ä(��xÂwYqd��l
Äi��x*lGkYl�jVwYhv~�r�w?l�x%�*��³�®%º�lG¬Ã ����hv��w?g(l�~�rT�!hv~�r�u(~8h.�*h.�(��j?o0lG��rTkYhvq%z(kYlGm!hvq{Ä�jVuv��Ä�j�l�x£�=f�g(l
�ilGn jYoDlG��r�k?hvq �(q�n z(k?qJz�q�jVl�x ¡ oGr�uvuvl�xÆ~������	�ÇjYoDlG��r�k?h.q*¥XjVg(qJÄ(u2x uvl�rJxÆw?qÆ~Xq{k?l�k?l�r�uvh|jVw?h|o
��qJÄ(��x(j�qJ��wPr��2�=���;�iq{w?gilGk��(lGnpj?o0lG��rTkYhvq ¡ oGr�uvuvl�xtu2rTkY�{l�� j?oDl���rTkYhvq*¥�n�h.w?gÇw?g(l8gÇ��q'j�q{�
n�h.w?g(h.�tÊ!hv�(l�~�rTwYh2oGr�u£k?l�r{oPg�rTwÃ�B�����(Ä(w�n�hvw?g�mJrT�(h|jVg(h.�(�8�(k�rT��oPg(hv�i��sOkPrJoDw?h.q{�th.�*wYq8� ��n�r{j
zik?q{z�q�jVl�x�wYq�oÈgil�oÈÊ�w?gil�j�lG��j�hvw?h.m*h.w��;q�s^�B�=�twYq��;hv�J�'j���q'jVqJ��j^n�h.w?g��iq{�8� x*q{~Xhv��r��*wS�%x*l�oGrG�(j0�
§(Ä(wYÄ(k?l%�B�=�Æk?l�jVÄ(u.wPj�n�hvu.u£��lÃx*lGkYhvm'l�x�h.��w?g(l�j�l��(lGn ��l���oÈgi~�rTkYÊ8jYoÈg(l�~8l�jD�

��� � 
b� �e�� � � �b����� 	 
/�l	i���
	 
N� �l������� �����

¶�l�rTk�oÈg(l�jÉsOq{k8�ilGÄ(w?k�rTu���hv�{��j���q'j�q{��j�r{j�lG�!z�l�oDwYl�xÆ��lG�'q{��xÆwYg(l �y¶(¶�� g�rGm'l�rTu|jVq ��lGlG�
z�lGk�sOq{kY~8l�x£�=~8q'j�w?u.��r�wd�B�=�^�@f�g(kYlGltu.hv�(l�j�q�sÃjVl�rTkPoPg(l�j�g�r�m'l���lGlG� sOq{u.uvq�n�l�xB�Æ§^h.kPj�wG�=w?g(l
l��*h|jVw?h.�(�t�B�=�Úr���rTu.�(j�l�j�q{� �y¶(¶���gÇrT��xÇ�Ð��q'j�q{��j�g�rGm'l%��l�lG��Ä�jVl�x£��lGhvwYg(lGk�r{j�jVÄ�oPgÇq{k
n�h.w?g�jVqJ~8l�~8q!x!hÝÕBoGr�w?h.q{��j ¡ -G�54*�(kYlGu2r��*h.�(��wYg(l��8�Öw�rT�J�{hv�i�8k?l � Ä(h.k?lG~8l��*w�jÈ¥�wYq8oDq�m'lGk@w?g(l�Õ���rTu
j�wPr�w?l�j�l��*z�l�oDwYl�x�hv��~8qJk?l��{l��(lGkPr�u;~Xq!x*lGu2j0� f�g*Ä�j0��rÂÕ�kPj�w�jVwYÄ�x*� jVgiqTn@l�xÆw?g�rTwt�B�=�Íh2j
j�lG��j�hvw?h.m'l�wYq��(lGÄ(wYkPr�u��;hv�J�'j���q�jVq{��j�qTs�w�n�qÇ�;h.�{�'jÃx*q{Äi�(uvlGw%~Xq!x*lGu2j ¡ �J��� �y¥P�SlGm'lG�Çhv� r
jYoDlG��r�k?h.q�n�h.w?g�x*qJ~8hv��rT�!w=x*l�oGrG�ij^hv�!w?q}o o�q{k=hv��r�~8q!x!lGu(n�hvwYg8¦@�ym!hvq{u|rTwYhvq{��Ü »*®�Þß�
��l�oDlG�!w?u.�'�
wYg(l%�J��� ��z�r�kPrT~XlGw?lGk�j�z�r{o0l ¡ n�h.w?g�¦@� oDq{��jVlGkYm{r�w?h.q{�£¥�g�r{j;��lGlG��lG�!z(uvqJk?l�x�hv��rXx*lGwPr�hvu.l�x
jYoGrT�ÂÜá»'ª�ÞÖ� §^hv��r�uvu.�'�TsOq{k=wYg(lÒÕ�kPjVw@w?h.~8l'�Jr}�iq{�8~8h.�(hv~XrTuijVÄiz�l�kPjV�!~8~8l�w?k?h.o
~8q!x*l�u�oDq{�!wPr�hv�(h.�(�
qJ�(l��'rTÄi�{l�� jVh.�(�{u.lGw@�;hv�J�'j^Õ�lGu|x�hv��r{xix*hvwYhvq{��w?q�wYg(l �y¶(¶��Åg�rJj�rTu|jVq���lGlG�%h.�*m'l�j�w?h.�'rTwYl�x�Üá»�°TÞß�

��jXr�jVl�o0q{��x�k?l�j�l�rTk�oÈg uvh.�(l'��wYg(lÇoGr{j�l�qTs\r��;h.�{��jL��q�jVq{� g x*l�o�r��!hv�i�yh.�*m!h2j�hv�(u.��g�r{j
��lGl��8j�w?Ä�x*h.l�x£� �;l�x*h|oGrTwYl�x%jVl�r�kPoPg(l�j
hv��w?gil�g£´�oPg�rT�i�(lGu(wYkPrT��jVu2r�w?l�hv�!w?q�Ä(z(z�lGk=u.hv~8h.wPj�q{��w?g(l
zik?q!x*Ä�o0w?hvqJ��oDk?q�j?j(��j�l�oDw?h.q{�Ãw?hv~Xl�j��(k�rT��oPg(h.�(�;k�rTwYhvq(�Jn�g(h2oPgÃrTk?lÓoDq{~Xz�rTkYl�x�n�hvw?gÃlG�!z�l�oDwPr�w?hvqJ��j
sOkYq{~ jVz�l�oDhEÕBo�~8q!x!lGu2j@Üà½J¨{ÞÖ�S��j
r���lG�irT~Xz(uvl'��rJj?j�Ä(~8hv�i��r�¶�� zik?q!x*Ä�o0w?hvqJ��k�rTwYl�rT��x�r��G¨J¨¯Ô
�ikPrT��oÈg(h.�(��kPr�w?h.q;h.�*wYq�hv�!m*h|jVhv�iuvl
z(kYq!x*Ä�oDw�jD�'r�u.q�n�lGk�u.hv~8h.w�qJ��~��ÎrTw °{½*� »�º�lG¬Ã ����h|j£q{�(w�rThv�il�x£�

f�g(l�w?g(h.kPx�wYq{z(h|o;x*l�rTu2j=n�hvwYg�r��;h.�{��j���q'j�q{�tgXn�hvw?gLrT�(qJ~�rTu.q{Ä�j@oDq{Ä(ziuvhv�i�'j�wYq�z(giq{w?qJ��jD�
§(kYq{~ x!l�x*h2o�rTw?l�xtjVl�rTkPoPg(l�j�hv��wYg(l%g£´S��g�� rT��xtg��ÍoPg�r��(�(lGu|jD���{lG�(l�kPrTuÎoDq{��j�w?k�rThv�!wPj�rTk?l�j�lGw

�G°



qJ�ywYg(l�z(k?q!x*Ä�oDw?h.q{� oDkYq'jYj � jVl�oDwYhvqJ�ywYhv~8l�j��(kPr���oÈgihv�(��kPr�w?h.qdqJkÃx*hvkYl�oDw?u.��q{��wYg(l8r��(q{~LrTuvqJÄ�j
o0q{Ä(z(u.hv�(��jD�=f�g(l���rTkYl�r��'r�hv��o0q{~8z�r�k?l�x�n�hvw?gXlG�*z�l�o0wPrTwYhvqJ��j�sOk?qJ~ÏjVz�l�oDhEÕBo;~8q!x!lGu2j�Üà½*�'�i¹{²{Þß�
��j�rT�ÇlG�irT~8z(u.l'��r{jYjVÄ(~Xhv�(��rt¶���z(kYq!x*Ä�oDwYhvqJ�yk�rTw?l�r���xÇrXsOl�k?~8h.q{z(g(qJ�(h2o��;h.�{��j}��q�jVq{� �
r
u.q�n�lGk@uvhv~Xhvw=q{��~ � r�w�°'®'�«½Lº�lG¬� 9� � h2j�rJoÈgihvlGm'l�xB�

����� � �
�a � ��� �b�����l	�
/�l	i����	

��l�oDl��*w@k?l�j�Ä(uvw�j�q{� oÈg�rTk?�Jl�x��;hv�J�'j���q'j�q{��j0�£� � �*g�rGm'l���lGlG��kYlGz�q{k?wYl�x8�*�Xw?g(l%�B�=�ÆlG�!z�l�k?hD�
~XlG�*w�jD��f�gilÒsOk�rT~8lGn@q{kYÊ�qTs w?g(l�j�l�jVl�r�kPoPg(l�j�h2j^wYg(l��{l��(lGkPr�u��{��� �Ïj?oPg(lG~8l=n�hvwYg�r{j=jVqJuvl�sOkYlGl
z�rTkPr�~8lGwYlGkPj^wYg(l�� � ~�r{jYj
rT��x�hvwPj
u.lGz(w?qJ�(h2o�x!l�oGrG���(k�rT��oPg(h.�(��sOkPr{o0w?hvqJ���!r{jYjVÄ(~8h.�(��w?g�r�w=w?g(l
g�r{x*kYq{�(h|o ¡ hv�!w?qLoGjÈ¥ÓrT��x�uvl�z(w?qJ�(h2o ¡ hv�!w?q : ! %T¥�x!l�oGrG�(j�j?rTwYÄ(kPr�w?l%wYg(l%n�h2x*wYg�qTs@w?gil%z�rTkYw?h2o0uvl'�
n�gih2oPgdh|j�w?g(lÃoGrJjVl�hv��wYg(l�~�r{jYj�kPr��(�{lÃ��lGuvq�n ���pw?g�r�w�h2j�z(kYl�jVlG�!w?u.��wYl�jVwYl�x£�

�(Ê!� xirTwPr l��*z�l�oDwYl�x�u.hv~8h.w qJ��jVlGkYm'l�x8uvh.~8hvw
¡ º�lG¬� 9���P¥ ¡ º�lG¬� 9���P¥

���B���=� ¹{¹J¹*�±½ ¹{¨J� ²J°*�±½ ²J½*�«½
�����B�=��¾ �*��¹*�±¨ �*��½ ²J²*�±½ ²J²*�«°

�B¹ ½{�J¹*�±½ »'°J° ®��{�±� ²'®'�«½
À��£��� �T»i�{�v� �{½J� ²Jª*�±½ ²Jª*�E®

fSrT�iuvl����*Á��;r�w?l�jÃrT��x�lG�ioDu.Ä�jVh.q{�Çuvhv~XhvwPj�q{�(w�rThv�il�x�rTw��B�=� hv� w?g(lXoÈg�rTk?�Jl�x��;h.�{��j���q'j�q{�
j�l�rTk�oÈgil�j�hv�Ç�GªJ°Lº�lG¬¿x(r�wPr!����l�jVÄiuvwPj�qJ��jVl�k?m'l�x8hv��x(r�wPr�rTkYl%oDqJ~8z�rTkYl�x�n�h.w?g�lG�!z�l�oDwPr�w?hvqJ��j
sOkYq{~Å��r{oPÊ*�Jk?q{Äi��xtj�hv~�Ä(u2r�w?hvqJ���

f�g(l%kYl�jVÄiuvwPj�q{�iwPrTh.�(l�x��*��wYg(l��B�=� lG�!z�lGk?h.~8lG�!wPj@rTw%��ª{°tº�lG¬ Üà½J�TÞ rTk?l�j�g(q�n��yh.��fSr9�
�iuvl��G�!�ÒÀ���oDlÃoDqJ~��ihv�(l�xB�¯wYg(l�j�l�kYl�jVÄiuvwPj�lG�ioDuvÄ�x*l�rT� � � ��q'j�q{��Ä(z�w?q�®{®'�«¹Lº�lG¬Ã � � n�g�r�w �
l�m'lGk�h.wPj�uvl�z(w?qJ�(h2o�x*l�o�r����(k�rT��oPg(hv�i��k�rTw?h.q(�(n�g(h.uvl�w?gil�l��*z�l�oDwYl�x�u.hv~8h.w�h|j;®G»i�±°8º;l�¬� ���%Üà¹J½TÞß�
��l�j�Ä(uvw�j�sOkYq{~Ûx(r�wPr�Ä(zywYqÇ�G°{²�º�lG¬ n@lGk?l�o0q{~��(hv�(l�xtr�sOwYlGk�w?g(lXoDqJ�*sOlGk?l���oDl'�£n�h.w?gÇ�(qth.~A�
zik?q�m'lG~8lG�!w�hv� w?gilt~�rJj?j�uvh.~8hvw�h.��x*lGz�lG��x!lG�*w%q�s�w?gilt�(k�rT��oPg(hv�i�yk�rTw?h.q(��x!Ä(l�w?qÇw?g(l�u2rTkY�{l
��r{oPÊ*�Jk?q{Äi��x sOkYq{~ � � z�rTh.kPj8n�g(h2oPg�h2j8z�lG��r�uvh10Ghv�(�ÇsOq{k�w?g(l rT��rTuv�ijVl�jLh.��w?g(lÇg�rJx*k?qJ�(h2o
~Xq!x*l'��À��8wYg(l�qJw?g(lGk@g�rT��x£�(� � ��q�jVq{��j�n�hvw?gXz(Ä(k?l ¡ ½{¨'Ô�¥=u.lGz(wYq{�(h|o;x*l�oGrG�(j
g�rGm'l���l�lG�8lG� �
o0uvÄ�x*l�xLÄiztw?q�ª�»(�«° ¡ ®�ª*�à»!¥;º�lG¬Ã � � �!�8w?gil�jYrT~8l�kYl�jVÄ(u.wPj�Ü ¹¯®�ÞÖ�=¾Ö��x!hvm!h2x*Ä�r�u�uvh.~8hvw�jÎkYlGz�q{kYw?l�x
r�w;wYg(l�lG��x8qTs w?gil�«°{°�x(rTw�rÉw�rTÊ!hv�(�%n@lGk?l���lGu.qTn w?gil�o0q{~��(hv�(l�xÉkYl�jVÄ(u.wPj�r�w���°{²8º;l�¬ÅÜ ¹{ª�ÞÖ�

�;h.�{g(l�k�~�rJj?jVl�j�n�lGkYl8w?l�j�w?l�x rTw�w?g(l�f�lGmJrTwYk?qJ�Æk?Äi��¾P�
jVl�rTkPoPg(h.�(�tsOq{k�� � h.� x*l�o�r��ij�qTs
z�rThvk.�Özik?q!x*Ä�o0l�x wYq{z � Ä�rTkYÊ(j0�Æf�g(l�~�r{jYj�uvh.~8hvw�j�r�k?l�wPrT� �¼x*l�z�l���x*lG�!w�rT��x k?l�j�w?kYh2oDwYl�x�w?q
wYg(q'j�l�m{r�uvÄ(l�j�qTs�w�rT� �ÌsOqJk�n�g(h|oÈg w?g(l8wYq{z � Ä�rTkYÊy�(k�rT��oPg(h.�(�dsOk�r{oDwYhvq{� h.�*wYqt� ¸ ��h2j�u2rTkY�{l
l��(q{Ä(�Jg��=¾Ö�%w?g(l�~Xq'jVwSsßr�m'qJÄ(kPr��(uvl�o�r{jVl ¡ w�rT� �  Ã�G½{¨'¥S~�r{jYjVl�j^Äiz�wYq���½{¹�º�lG¬� 9���
g�rGm'l���lGlG�
l��(oDu.Ä�x*l�x Üà½{¹�ÞÖ�

�{¨



� � b a ;��e��
��b a �

Ë�lGnÚz�r�k?w?h|oDuvl}jVl�r�kPoPg(l�j�oDq�m'lGk�rT��hv~8z(kYl�j?j�hvm'l�mJr�k?hvl�wV�XqTs=wYq{z(h|oGj;r���xtw?qJz�q{uvqJ�{h.l�jD��f�g(lÃn�rG�
kYl�jVÄiuvwPj�rTkYl�hv�!w?lGkYz(k?lGwYl�x8g�r{j�Ä(��x!lGk?�Jq{�(l�j�Ä(��jVw�rT�!w?h|rTu oÈg�r��(�{l�j;x*Äik?hv�i��wYg(l�z�rJjVw�sOlGnÚ�'l�r�kPj0�
f�q��{lGw�g(h.�{g(l�k�j�lG��j�hvw?h.m*h.w��dwYq�w?g(l%kYl�jVl�r�kPoPg(l�x�j�hv�{��rTu2j0�
x*h CBlGk?lG�!w�oPg�rT�i�(lGu2j�rT��x� �q{kÃlG�*z�lGk.�
h.~8lG�!wPj�r�k?l�oDqJ~��(h.�(l�x�r���x�~8q{kYl�h.�*sOq{kY~�rTwYhvq{� h2j�ziÄ(w%hv��wYg(l�j�wPrTwYh2j�w?h2o�rTu�r���rTu.�(j�h2j�qTs�w?g(l
kYl�jVÄiuvwPj0�*u.hvÊ'l�hv�Xw?g(l���hv�{��j���q'j�q{� jVl�r�kPoPg(l�jD� f�g(lGkYl�h2j@rTu2j�q�rT�8l�C£qJk?w�wYq%�{q%w?qÃ~8q{kYl;~Xq!x*lGuD�
h.��x*lGz�lG��x*lG�!w�k?l�j�Ä(uvw�j;�!��k?lGu|rT�!hv�(�8wYg(lGqJk?lGwYh2oGr�u
rJj?jVÄi~8z(w?h.q{��j0�Sj?oGr��(�(hv�i�dz�rTkPr�~8lGwYlGk�mJrTu.Ä(l�j
qJk%w?l�j�w?h.�(�t~8qJk?l��{lG�ilGkPr�u�~8q!x*lGu|jD��¶'Ä(z�lGkPj��*~X~8lGw?kYh2o�z�rTkYw?h2o0uvl�j�l�rTk�oÈg(l�j�rTkYl8lG�irT~8ziuvl�j�qTs
wYg�rTw�Ê!hv��x£�

f�q��Jhvm'l��(Ä(w@r;sOlGn k?l�j�Ä(uvw�jD�'hv���{k�r�m!hvw�� �Ö~Xl�x*h2r�w?l�x�¶!µ�¶����(k?l�rTÊ!hv�(��~8q!x*l�u2jD�Jw?g(l�uvh.�{g!w?l�j�w
�ilGÄ(w?k�rTu.hv�(qÃg�r{j���lGlG�XlG�(o0uvÄ�x*l�xÉÄ(z�wYq%¹{��º�lG¬Ã ����n�g(lGw?gilGk�����h2j@oDq{��jVlGkYm'l�x�q{k@�(q{w��(n�g(hvu.l
wYg(l�uvh.�{g!w?l�j�w8oPg�r�k?�{h.�(q�g�rJj���lGlG��lG�ioDu.Ä�x*l�x Ä(z�w?q ²Jª ¡ °T»!¥�º;l�¬� ����hÝs\���th|j8oDq{��jVlGkYm'l�x
¡ �(k?qJÊ'lG�£¥���� ¶�� �;h.�{�'j���q'j�q{� g�rJj���lGlG�ÇlG�ioDuvÄ�x!l�xdÄ(zÇw?q �G¨J²Âº�lG¬� 9���0� �y¶(¶����(l�Ä(w?k�rTu
��hv�{��j���q'jVqJ��j;Ä(z�w?q�°J¨dº�lG¬� ���?r���xt�J��� �ÛoÈg�rTk?�Jl�x��;hv�J�'j���q'jVqJ��j;Ä(z�wYqd®J®�º�lG¬� 9���0�

¾SrT~¼�{k�rTwYlDsOÄ(u(wYq�rTu.u(~��}oDq{u.uvl�r��{Ä(l�j�n�g(q�z(kYqTm!h2x!l�x�~8l=n�h.w?g%hv�!sOq{k?~LrTw?h.q{�Ãn�g(lG�%z(kYlGz�rTk.�
h.�(��wYg(h2j=wPr�uvÊB�
¾
n�qJÄ(u2x�u.hvÊ'l�wYq�w?g�rT�(Ê���� ��l�j?r���oDqJ���!���«Ë;hvÊ'qJu2rTh|x*q{Ä �'���±�^lGkYl)0�rT��xd�Ã�±f�k?lGh.uvuvl
sOqJk�m'lGk?�Xg(lGuvz!sOÄ(u�x*h|j?oDÄ�j?jVh.q{��j0�

� � �'���=� a ����

ÜÝ�0ÞÉ¦@��§ ¦=qJuvuÖ�.�S�Îg!�ijD����lGmB�^��lGw?w���� � �S¹*���T» ¡ �G°J°{°'¥ÃrT��xÇ§
�=�2��¾?�B� � � �=µ � � °{°¯ ��D»i� � �Ò�
j�Ä(�(~��!w?qX�
g*�ijD�i�ÒlGmB�£��lGwYwG�����B¹�Ë�q{w?lÃ��»'�{ª!�

Üà��ÞÉ¦@��§ ¦=qJuvuß�v�
�
g!�(j0�
��lGmB�Î��l�w?wG���
	��=�*��°*� ¡ ��°{°¯®J¥��;À��B�����
g!�(j�h2oGj��(q{wYl��=Ë�¹¯®����;�B¹
Ë�q{w?lÃ��»'�{½!�

Üà¹�Þ����B���=��°J°9� ¨*�Gª%¦�À�Ë�§t°J°9� ¨*�G¹�(�����B�=��¾S°{°)�P��¹{½É¦�À�Ë�§�¹{�J���(�B¹�Ë;q{wYl��T»�¨{���À��£���
¦=qJuvuß�v��¦@�=��Ë � ���� �°{°9� ¨{°'®'�Sr{o�o{�(�*�X�
Ä(kG�B�
g*�ijD�
�(�£¦¼�

Üá»JÞÉ¦@��§ ¦=qJuvuß�v�
�
g!�(j0�
��lGmB�Î��l�w?wG���
	��=�*��°{ª ¡ ��°{°¯®J¥�����À ¦=q{u.uÖ�.�
�
g*�ijD� �Òl�m£�
��lGwYwG��� � �
��»'½'® ¡ ��°{°J°¯¥XrT��x��
g!�(j0����lGmB�Ò��l�w?wG��� � ��»*®�²{° ¡ ��°{°J°¯¥��Ã����o0q{�!w?k?h.�(Ä(wYhvq{� w?q �=��¶$�
�����=°J°*��r���jVwYkPr{o0wt��½¯®Ds���´B�=µ�¶ ¦=q{uvuß�v�@����¶�� °{°)��¨J½{ª*��jVÄ(�i~��^wYq��
Ä(k��=�Îg!�ijD���(��¦��
À��B���Ç�
g*�ijVh|oGj��iq{w?l\�=Ë;»'¨J°*�

Üà½�ÞÉ¦@��§ ¦=qJuvuß�v�
�
g!�(j0�S�ÒlGmB�S� 
 
 �=��½{�J²{¹ ¡ ½J½¯¥���°{°¯®�����ÀÏ¦=q{uvuß�v� oDq{�!w?kYhv�(Ä(wYhvqJ��w?q�w?g(l
��¬�¾?¾Y¾L��lGziw?q{� �
g(q{wYq{�Ð¶��*~8z�q�jVhvÄi~����{Ä(u.�Ú�G°J°¯®����Ã�yo0q{�!w?k?h.�(Ä(wYhvq{��wYq ¾�¦@�����=°Jª*�
r���jVwYkPrJoDwÃ½{ª*����´B�=µ�¶LoDq{�!w?kYhv�(Ä(wYhvqJ��w?q��=��¶$� ���=��°J°*�SrT��jVw?k�r{oDwÃ½J½{½�� ���B�=�=�Í°{°9� ¨{²Jª
¦�À�Ë�§ °J°9� ¨T»'�XrT��x�°{°9� ¨T»�°d¦�À�Ë�§�°J°9� ¨{�{½�������B�=��¾�°{°)�?®��É¦�À�Ë�§ �J½{ª�rT��x�°{°9���G¹'®
¦�À�Ë�§ ¹{��»��=�B¹Â¦=q{u.uÖ�.�^¦@�=�;Ë � �=�� �°{°)�P��¹{ª!��rJoGo{�£�!���
g!�(j0�Î��l�w?wG� ���^À��£��� �Îg!�ijVh2o�j
Ë�q{w?lÃ�=Ë;»i�G¹*�

�*�



Üà²�Þ �¼� ��Ä�oPg(~��Ä'u.uvlGk������=���Ä�oÈÊ!u�rT��x��Ã� ���!uvlGk����
g!�(j0�Ò��l�w?wG� � � 	 � ��»J»'� ¡ ��°{ª¯®J¥�rT��x
�
kYkPrTwYÄ(~ �
g*�ijD����lGw?w�������� ����¹{�{¨ ¡ ��°{°J°¯¥P�

Ü#®�Þ��Ã��¦=q{uvuß�v������¶�� ��°J°9� ¨{ª*�J��r{o�o{�*�!���
Ä(kG���
g!�(j0� �(�£¦��
Üàª�ÞÉ¶�����rT�Jq{z(h|rT���SÝ��lGziw?q � Ä�rTkYÊ�jVÄ(~X~�rTkY��sOk?q{~ÏwYg(lÃf�lGmJr�w?k?qJ���£¦@��§ rT��x���ÀÃv�(h.���ÎkYq!o{�

q�s=��¹Tw?gXf�q{z(h|oGrTu£¦=qJ�*sOlGkYlG��oDl�qJ�8��rJx*k?qJ�8¦=q{u.uvh2x!lGk=�
g*�ijVh|oGj ¡ ��¦@�=°{°¯¥����tÄ(~���rThÖ��¾Ö��x!h2r
¡ �'rT�!Ä�rTkY���D»���J¨*�£��°{°J°¯¥ rT��x%k?l0sY�TwYg(lGk?l�hv� �'´B�=µ�¶ÃoDq{�!w?kYhv�(Äiw?hvqJ��wYq�¾?¦@���=�=°{ª!�'rT��jVw?k�r{oDw
®�½T» rT��x oDqJ�*wYk?h.�(Ä(w?h.q{��j�wYq��=��¶$� ���=��°J°*��r���jVwYkPrJoDwPj�½T»�²�rT��x ½{½{������B�=�=�Ï°{°9� ¨*��ª
¦�À�Ë�§ °J°9� ¨*�G¹�������B�=��¾�°{°)��ªJ¨d¦�À�Ë�§��J²¯® ���B¹8Ë;qJw?l���»'¨J�*�

Üà°�ÞÉ�B�=��¶!µ�¶ � � ºÃ�����B���=��� �����B�=��¾P� �B¹ rT��x À��B��� lG�!z�l�k?hv~XlG�*w�jD� �(qJw?l
�B�=��¶!µ�¶ � � º� �°J°9� ¨*�J�v��rT��x��(q{wYl%�B����¶!µ�¶�� � º� �°{°9� ¨{�!�v�J�

ÜE�G¨�Þ����B���=�Å°J°9�Y®�ª�¦�À�Ë�§ °J°9� ½{¨�;���Ó�B�=��¾�°J°9� °{½�¦�À�Ë�§ �Jª{�����B¹d�(qJw?l���»{»{» ¡ ��°{°J°¯¥��
À��B���Ç�
g*�ijVh|oGj��iq{w?l\�=Ë;»(��¹*�

ÜE�{�0ÞÉ¦@��§ ¦=qJuvuß�v��§
�=� ��¾?�B� � ���=µ � � °{°' �¹!�{� � ��� jVÄ(�i~���w?q �
g!�(j0����lGmB�y��lGw?w��v� rT��x
§ ��� ��¾?�B� � � ��µ � ��°J°¯ �¹�»'¨)�����BjVÄ(�(~ �*w?qX�
g*�ijD����lGmB����lGwYwG�.�

ÜE�G��Þ���ÀÍ¦=q{uvuß�v�i�Îg!�ijD�(��lGmB�£��lGw?w���� � �(»'°J¹¯® ¡ �G°{°J°¯¥��
ÜE�G¹�Þ����B���=�¼°{°)�P�J�8¦�À�Ë�§�°{°)��²�������B�=��¾�°J°9� ª{�d¦�À�Ë�§ �{²J°�r���xt°J°9� ª{ªd¦�À�Ë�§ �'®�½*�
ÜE�D»JÞÉ�B¹�¦=qJuvuÖ�.�¯¦@�=��Ë � ���� �°{°9���G�'®'��j�Ä(�(~���w?q��
g!�(j0�¯��l�w?wG� ���¯À��£���d¦=qJuvuß�v�'¦@����Ë � �=�Ó �°{°)�

���{¹!�£j�Ä(�(~��!w?qX�Îg!�ijD����l�w?wG�����
ÜE�G½�Þ����B���=�Ú°J°9� ¨*����¦�À�Ë�§�°{°)��¨J¨¯® �����Ó�B�=��¾=°J°9�Y®�°8¦�À�Ë�§y�J²{²*�i°{°)��°J¹L¦�À�Ë�§Ç�{ªJ¨�rT��x

°J°9� °{²d¦�À�Ë�§ �Jª{¹���À��£��� �
g*�ijVh|oGj��(qJw?l�j��=Ë�¹{°�»8r���xt�=Ë;»i�{� �£�B¹XË;q{wYl��T»i�G¨*�
ÜE�G²�Þ����B���=��°J°9� ¨*�Gª%¦�À�Ë�§t°J°9� ¨*�G¹�(�����B�=��¾S°{°)�P��¹{½É¦�À�Ë�§�¹{�J���(�B¹�Ë;q{wYl��{¹J°{°��À��£���

¦=qJuvuß�v��¦@�=��Ë � ���� �°{°9� ¨{°'®'�Sr{o�o{�(�*�X�
Ä(kG�B�
g*�ij��(�£¦��
ÜE�T®�Þ����B���=�¼°{°)��¨!�Gªt¦�À�Ë�§ °{°)��¨!�G¹��S�B¹�Ë;qJw?lÃ�T»�¨{�!�
ÜE�Gª�Þ��Ã��oDqJ�*wYk?h.�(Ä(w?h.q{��w?qX¾?¦@���=�=°{ª*��r���jVwYkPrJoDw�½{ªJ¨���´B�=µ�¶XoDq{�!w?kYhv�(Ä(wYhvqJ�dwYq8�=��¶$� ���=�=°{°*�

r���jVwYkPrJoDw�½�»'ª!�
ÜE�G°�ÞÉ¦@��§ ¦=qJuvuß�v�
�
g!�(j0�
��lGmB�Î��l�w?wG��� � �=�*��¹{¹ ¡ ��°{°{°'¥�����À ¦=q{u.uÖ�.�
�
g*�ijD� �Òl�m£�
��lGwYwG��� � �

»J»*®�² ¡ �G°J°{°'¥��@���±���
¦=u2rTl�jD���.¦@��§� ���À jVl�r�kPoPgÂsOqJk��(lGn¿z(g(lG�iq{~8lG��rd¾Y¾Pv�£h.���
k?q!oJ�^qTs
wYg(l�� ����¾Ö¬�w?g}�ÒlG��oDq{�!w?kYl�j�x*l �tq{kYhvq{��x£�'�
uvl�o0w?k?q�n@l�rTÊ�hv�!w?lGk�r{oDwYhvqJ��j�rT��x%µ��(hÝÕ�l�x�f�gil��
qJk?h.l�jD�£��l�j��;k�oGjD�i§�k�rT��o0l'� ¡ ��rTkPoPgÇ�G¹)���J¨*�S�G°{°J°¯¥��

Ü �{¨�ÞÉºÃ�£º�hvÄ�x*h2oDl��*w?gil�jVlÃ�
k?q!oDl�l�x*hv�i�'jD�

�{�



Ü �*�0Þ����B���=�Ú°J°9� ¨T»�°L¦�À�Ë�§�°J°9� ¨{�J½��B�����B����¾�°J°9�Y®{®�¦�À�Ë�§y�J²T»
�£�B¹%Ë;q{wYl���»'�{² ¡ ��°{°J°¯¥��
À��B���¼�
g!�(j�h2oGj�Ë;q{wYlÇ�=Ë�¹{ªJ²��%�B����¶!µ�¶�� � ºÃ���iq{w?l �B�=��¶!µ�¶�� � º� �°{°)��¨�»(�«�ÆrT��x
�iq{w?l��B�=�Ó¶¯µ�¶�� � º� �°{°)��¨J½*�±�!�

Ü �{��ÞÉ¦@��§ ¦=qJuvuÖ�.�!�Îg!�ijD�'��lGmB�*��lGw?w�� � � ����®�°!� ¡ �G°J°{ª'¥�����ÀÚ¦=qJuvuß�v�'�
g!�(j0�'�Òl�m£�*��l�w?wG������'»{»'�
¡ �G°J°{ª¯¥��

Ü �{¹�Þ��Ã��¦@r{jVwYk?qi� �.��hv�Jg*w��{k�r�m!hvwYhv�(q jVl�rTkPoPg rTw�¦@��§�.��h.�Æ�
kYq!o{��q�sÃw?g(l�²TwYg ¾Ö�*wYlGk?��r�w?h.q{��r�u
¦=qJ�*sOlGkYlG��oDl�q{�Ç¶'Ä(z�lGk�jV�!~8~8lGwYk?hEl�j
hv���
g!�(j�h2oGj ¡ ¶!µ�¶��}°{°¯¥���§(lGk?~8h.u2r�� ¡ �{Ä(�(l��G°J°{°¯¥��

Ü �T»JÞ����B���=� ¦=q{u.uÖ�.��¦@����Ë � �=�Ó �°{°)�P��®'�{��j�Ä(�(~���wYq �ÎÄikG���
g!�(j �(��¦��������B����¾t°{°)��ªJ�
¦�À�Ë�§ �{²{°!�!°{°9� ª{°�¦�À�Ë�§��¯®�²�rT��x�°J°9� °{¨É¦�À�Ë�§��'®{®����B¹�Ë;q{wYl��T»�¹{¹���À��£���L�Îg!�ijVh2o�j
Ë�q{w?lÃ�=Ë�¹J°¯®'�

Ü �{½�Þ����B���=�Ð¦=q{u.uÖ�.�£¦@����Ë � �=�Ó �°{°)�P��®'�{� jVÄ(�(~ �*w?qX�
Ä(kG���
g!�(j��(�£¦��
Ü �{²�ÞÉºÃ�;º�r��(h2j0��E�B�=� ¶!µ�¶��Ïn�q{kYÊ*h.�(���Jk?q{Äiz jVwPr�w?Ä�j8kYlGz�q{k?w�v�;�B�=��¦Å~XlGlGw?h.�(�(��¦@�=�;ËÃ�

¶�lGz(w?l�~���lGk�®'�S�G°J°{°�rT��x��B�=�Ó¶¯µ�¶�� � º��(�iq{w?l��B�=�Ó¶¯µ�¶�� � º� �°{°)��¨J¹*�v�J�
Ü �¯®�Þ �(����r�kPoDqi��±�����B�=��¾@jVwPr�w?Ä�j�k?l�z�qJk?w�v�£�B�=��¦�~8lGlGwYhv�(�i�(¦@����Ë���Ë;q�m'lG~���lGk=°!���G°{°J°*�
Ü �{ª�ÞÉ�B¹�Ë;qJw?lÃ�T»i�G¨*�
Ü �{°�Þ����Ó�B�=��¾�°J°9� ªT»t¦�À�Ë�§ �'®'� ���B¹�Ë;q{wYl���»'¹!�{�
Ü ¹{¨�ÞÉ�B¹8¦=q{u.uÖ�.��¦@�=�;Ë ���=�� �°J°9���G�{ª!�Sr{oGo{�(�!���
g!�(j0����lGwYwG�����
Ü ¹*�0Þ�ËÃ�
�;kYÊ{r��(hD� ��r�~8l�x£�=¶��=�;hv~Xq{z�q{Ä(u.q'j%r���xÆº��=��m{r�uvhß�Ò¶(�B��¦ � ��µ � �?®J®�²{°ÇrT��xÌ¶(�B��¦ �

�=µ � �Y®�ªJ²T» ¡ �G°J°{°¯¥��
Ü ¹{��Þ����B���=� °{°9� ¨{½!��¦�À�Ë�§�°{°9� ¨{�'® �i�����B����¾�°{°9�Y®{®�¦�À�Ë�§��{²T»i�!°{°9���G¹'®�¦�À�Ë�§t¹{��»�rT��x

°J°9���G¹J½ ¦�À�Ë�§ ¹J�{��;À��£��� �
g!�(j�h2oGj��(q{wYl�j��=Ë�¹Jª{²*�@�=Ë;»'¨J°�rT��x �=Ë�¹Jª*� ���B¹y¦=q{u.uÖ�.�
¦@�=��Ë � ���� �°{°9���D»�²*�Sr{o�o{�(�*�X�
g*�ijD�£��l�w?wG�����

Ü ¹{¹�Þ����B���=�¼°{°)��¨J½{¹t¦�À�Ë�§ °{°)��¨J�{°��B�����B�=��¾�°{°)��ªJ²d¦�À�Ë�§ �¯®�¹����B¹L¦=qJuvuÖ�.�(�
g!�(j0����lGwYwG�
� ��� � �S¹¯®�² ¡ ��°{°{°'¥�r���x ¦@�=�;Ë ���=�� �°J°9���D»'½!��rJoGo{���!���
g*�ijD�
��lGwYwG�>���^À��£���Æ¦=q{u.uÖ�.�
¦@�=��Ë � ���� �°{°9� ¨{°J²*�Sr{o�o{�(�*�X�
Ä(kG���
g!�(j0� �(�£¦��

Ü ¹T»JÞÉ�B�=�=��¾?º�º�¶ � ºÃ�����B�=���Ã�������B����¾È�t�B¹prT��x À��B��� oDq{u.u2rT��qJkPrTwYhvqJ��jD�Æ¦@�=��Ë �
�=�� �°Jª9� ¨T»�²dr���xÂ¦@�=��Ë � ���� �°{°9� ¨{²J¨*�

Ü ¹{½�ÞÉ�B�=�=��¾?º�º�¶ � ºÃ�S���B�=�=���£���Ó�B�=��¾P�^�B¹�r���x À��B��� oDqJuvu|rT��q{k�rTw?h.q{��j0�S���B�=���Í°J°9�
¨Jª*��¦�À�Ë�§Í°{°)��¨J½{� q{k������B�=��¾�°{°)�P�0»'�Ì¦�À�Ë�§¿¹{�'®yqJk��B¹y�(q{wYlÇ�T»J»'� qJktÀ��£���
f�l�oPg(�(h|oGrTuB�(q{wYl�f�Ë�²*�D»i�

�{¹



Ü ¹{²�Þ����B���=�Ï°{°)��¨JªT»Æ¦�À�Ë�§ °{°9� ¨{½J¹���À��B��� �Îg!�ijVh2o�j�Ë;qJw?l��=Ë;»(�0»��������B�=��¾ÃrT��x��B¹*�
zik?hvmJr�w?lÃoDq{~X~�Ä(�ih2oGr�w?hEq{���

Ü ¹¯®�Þ��S� ��o�Ë�rT~�r�kPr!�8Ý�B�=�Û��¾?º�º�¶ n�q{kYÊ*h.�(� �{k?qJÄ(zpjVw�rTwYÄ�jyk?l�z�qJk?w�v�8�B�=�Ó¦Û~8l�lGw?h.�(�(�
¦@�=��Ë��£¶'lGziw?lG~���lGk�®'���G°J°{°8r���xdg!w?wYz�ÁÝ J Gn�n�n��«oDlGk?� �±oPg£ {�B�=�=��¾?º�º�¶i GwPr�uvÊijD�

Ü ¹{ª�Þ��Ã�3��u.q{��x!lGu ¡ ���B�=�=��¥P� �(� ��r�kPoDq ¡ ���Ó�B�=��¾?¥���ºÃ�
��rTg�r�uD�Y¦@rTu.uvq{w ¡ �B¹'¥ÃrT��x �^��� rTk�x
¡ À��£����¥��£j�wPrTwYÄ�j�k?lGz�q{kYwÒsOkYq{~Ïw?gil�sOq{Äik��B�=�ÆlG�!z�lGk?h.~8lG�!wPjD�(�B�=��¦ ~8lGlGwYhv�(�i��¦@�=�;ËÃ�
Ë�qTm'l�~���lGk@°*����°{°J°*�

Ü ¹{°�Þ�����º;kYq'jYj;r���x����!�Òl�rJx£��±�
kYq'jVz�l�o0wPjÎsOqJk�¶�� �;h.�{�'j�h.���{¨J¨{¨�rTw��B����.���ÎkYl��Y¦=g�rT~8qJ�(hv�
~XlGlGw?h.�(�(�(¦@�=��Ë�� �'rT�!Ä�rTkY���D»i�£�J¨{¨J¨*�

Ü »'¨�Þ �(�E¶���¦=q{�!n�rG�'�Ã±�;h.�{�'j�j�l�rTk�oÈg(l�jLh.��k?Ä(���ÆrTw�wYg(l�f�lGmJrTwYk?qJ��v��h.�Ú�
k?q!oJ�Òq�s%wYg(lÆ��¹TwYg
��lG��o0q{�!w?k?l�j^x*lÓ�
g*�ijVh � Ä(lÓx*l�u|r;¬@rTu.uvl@x£±��q'jVwYl'�'�Br�f�g!Ä(h.uvl'��¾ÖwPr�uv� ¡ §(lG�ik?Ä�r�k?�Ã�{ª)�.��r�kPoPg
²!���G°J°{°¯¥��

Ü »(�0Þ ���£¦@r�k?lG��r*�����#��Ä(hvkYq'j�r���xÂ¦�� � rT�J�(lGkG��Ë�Ä�oDuÖ�i�
g*�ijD� � ��� � ¡ �G°{°J²¯¥�»�¨¯®��
Ü »'��Þ��
g!�(j�h2oGj�rTw��B�=�=�*��l�x£�Sº�� �;uvw�rTk?l�uvuvhß�(f��^¶ÈÑ �q'jVwYkPr���xyr���xÇ§���´�n�h.k?�(l�kG�^¦@�=��ËÍ�ÒlGz�qJk?w

°J²9� ¨*�J�£¬=q{uÖ�B�{�(z���¹J°{°!�
Ü »'¹�Þ �(�«���*¬@r�uvu2j0��¦@��§ Ë;q{wYl�»'²T»i��r���xt§ ��� ��¾?�B� � �Y¦�À�Ë�§���°J°¯ ��{²{¹)�����
Ü »{»JÞ����B���=�Ð¦=q{u.uÖ�.���Îg!�ijD����l�w?wG��� ����������°{°Jª ¡ »i�G°¯¥��
Ü »'½�Þ����Ó�B�=��¾�°{°)�?®�¹Â¦�À�Ë�§ �{²{¨�
À��B��� ¦=q{u.uÖ�v��¦@�=�;Ë ���=�� �°J°9� ¨{°{²!�=r{oGoJ���!���ÎÄikG���
g!�(j0�

�(�£¦��
Ü »'²�ÞÉ¶��;��lGhv�(l�~8lG�{l�kG� �¼�;��q{uvu.hvÊ rT��x ºÃ� �yl�hv�{u.lGhv� �;���Ó¶ ��°J°9���G�{¨ÆqJktg(l�z8�Özig£ �°J°9� ¨{²{¨�

���!¦@rTk?l���r*��¶��!�;lGhv�ilG~8lG�JlGkG�{¦��«�Ò� ��� � rT�J�(lGkÓrT��xdºÃ�$�ÇlGh.�{uvl�hv���*¦@�=��Ë � f��� �°J°9� ¹¯®G»i�
Ü »*®�Þ����Ó�B�=��¾�°J°9� ª{²d¦�À�Ë�§ �'®�¹*�
Ü »'ª�ÞÉÀ��B���Ç�
g*�ijVh|oGj�Ë�q{w?lÃ�=Ë;»i�G²*�
Ü »'°�Þ����Ó�B�=��¾�°J°9� °¯®8¦�À�Ë�§ �JªT»(�
Ü ½{¨�Þ����B���=�Ú¦=q{u.uÖ�v���Îg!�ijD�'��lGw?w��8� �������(�G°J°{° ¡ ½{¨'¥��(���Ó�B�=��¾ °{°9� ª{¹%¦�À�Ë�§��¯®�¨����B¹�Ë;qJw?l

��»'¹J½��^À��£�����
g!�(j�h2oGj�Ë;qJw?l��=Ë�¹J°{°!�
Ü ½*�0Þ���À ¦=qJuvuß�v���
g!�(j0���ÒlGmB�;��lGwYwG��� � ���G°J°{° ¡ �{�T»J»*¥ �8���B�=�=� °J°9� ¨{½J² ¦�À�Ë�§ °J°9� ¨{¹{¨�

���Ó�B�=��¾@°{°)�?®��L¦�À�Ë�§ �{½J°��£�B¹%Ë;qJw?l�j���»'�J°�r���x��T»'¹J¨���À��£���Ç¦=q{u.uÖ�v�!�
g!�(j0����lGwYwG� �
���������G°J°{° ¡ ¹*�{��¥P�

Ü ½{��Þ����B���=�¼°{°)��¨'®�¨t¦�À�Ë�§ °{°)��¨�»{»��B�����B�=��¾�°{°)��°J�d¦�À�Ë�§ �¯®�°����B¹L¦=qJuvuÖ�.�(�
g!�(j0����lGwYwG�
� ����������°{°J° ¡ ®��T¥��£À��B���Ç�
g*�ijVh|oGj�Ë�q{w?lÃ�=Ë�¹'®�¹*�

�T»

http://www.cern.ch/LEPHIGGS/talks


Ü ½{¹�Þ���ÀÍ¦=q{uvuß�v�i�Îg!�ijD�(��lGmB�£��lGw?w���� � ���G°J°{° ¡ »'°¯®�½¯¥��

� �T� ;e��
� �Gb a

� ·*· � ���=·�
����� � ��� ������� � � �B·����� � ���
	 ¦@r��Æ�'qJÄÆo0q{~8~8l��*wÃrT��rTh.�Æq{� w?g(l�u.hv~8h.wPj;qJ�
w�rT� �ÇsOk?q{~ w?g(lÃ�;h.�{�'j�jVl�rTkPoPg(l�j��
� � ��� � � ������ � · � �S·� 	 f�g(lÃuvhv~XhvwPj=q{��wPrT� � g�r�m'lÃ��lGlG��x!lGk?h.m'l�x�n�hvwYgtw�n�q�Öu.q'q{z�u.l�r{x*h.�(�
qJkPx*l�k�o�rTu2o0Ä(u2r�w?hvqJ��j^q�s£wYg(l�kPr{x!h2rTwYhvm'lÓoDq{kYk?l�oDwYhvqJ��j
rT��x\sOqJk�j�z�l�oDhÝÕ�o�m{r�uvÄ(l�jÎq�sBw?g(l�Ä(��x*l�k?uv�!hv�i�
z�rTkPr�~8lGwYlGkPj�j�q�wYg(lG��oGr��(�(qJw���l�kYlG�'r�kPx*l�xtr{j�rT��j�q{uvÄiw?l'��lGm'lG�8hEs
wYg(l�~LrT�!hv~�r�u(~8hv�!hv�i�%j?o0l��
��rTk?h.q�k?lGz(kYl�jVl��*w�j^r�x*h F�oDÄiuvw oGr{j�l'��º�q{hv�i��wYq��(lG�!w �ßw?q�Öu.l�r{x!hv�(��q{k�x*lGk=w�n�q�Öu.q'q{zXoGrTu|oDÄ(u2r�w?h.q{��j0�
mJr�k?�!hv�(��w?g(l8Äi��x*lGkYuv�!hv�(��z�r�kPrT~XlGw?lGk�j�q{k�h.��oDkYl�r{j�hv�(��w?g(l8wYq{z � Ä�r�k?ÊÇ~�r{jYj}n�h.uvu=~�r�Ê'l%w?g(l
l��(oDu.Ä�x*l�x�kPrT�i�{l�h.��wPrT� � x*l�oDkYl�r{j�l�hÝs �(qJw;mJrT�ih2jVg �

�{½


