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[:n�n�[]SYZ�NQb��O[:n(�a[]_�J
�OR$��dan(�\[&TX[]SY_�k�SY_Q��[]SYR�VXd\r/g/u�L V6n(SUb �V6b�yX[:n(WU[:bc�:[]_a�a[�¬Mdav0[:n�RcPEo�o�[:bcn(SU[
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´¹Gº�¶ ´· » ¦ ��� ��� µ R(SY_a��SYo g�VXNao�[]_³�\[]R¾o�SY_aSYo&VXWY[]_�¬Md\v [:n�}Xn�V]yMSUb�V6b�SUs{_aR`ux®sM�\[]WYWYR�# o�¬M¼¾m½g�e %��]d
�a[]o¡��[]WUb���[]SUb4� []Rcbc[]_�Ð4SYo�SUb«VXd\ra�aSU[�n([]WU[:yGVX_pbc[�	¾sXvav>WYd>_\}{R�Rcb �V6n�TX[O�a�� ¦c¦ fXSY_$e��>N��VX_\}{SY}XTX[]SUb4yXs{_��\[:n"�[]d\bcn(VXW|SY_\s6u�da_a�³�\[:n$R�Ð4[:vabcs{_ao&VXR(Rc[Xf«TXs{o��>SY_aSU[:n(b���sXn(�\[]_�J
� �d\n¾[]SY_\[
� []Rcb�SYo�o�bc[�	¾sXvav�WYda_\}{R`u
R�b �V6n�TX[B�a�� ¦c¦ T �s{_a_\[]_~[:n(Rcb�o&VXWYSY}-m�n�[]_\�:[]_�VXd\r/R�Ð«[:v>bcs{_ao&VXR�Rc[]_«f'da_>V6�>N �VX_\}{SU}�yXs{_�VX_a�\[:n([]_~L VGu
n�VXo�[:bc[:n(_�faVX_\}X[:}X[:� []_�O[:n(�a[]_�J

I`o �aVXWYWU[ []SY_a[:n��^� �� 	¾sXv>v>WYda_\} �\��w��� o&SUb�Á Ã Ä6Æ(§ da_a� Ç Ã Ä6Æ(§EÆ(¢Ef&�>SU[H}Xn �s��X[:n~SYRcb³VXWYR
¨MÉ ¨\Ä6f\T �s{_a_\[]_ "�[]dabcn(VXWYSY_\s{o�VXR�Rc[]_�d>_Qbc[:n(N>VXWU��yXs{_tªaÄ6ÉÊ¤�m�[:Ë)da_>�tm½WYd>SY_\s{o&VXR�R�[]_�da_pbc[:n(NaVXWU��yXs{_
§�+X¤Bm�[:Ë SYo g�VXNao&[]_�yXs{_�o�¬M¼¾m½g�e VXdaRc}X[]R(Z(NaWUs{R(Rc[]_��[:n(�\[]_«J��½SU[]Rc[]R���n(}X[:�>_aSYR�S|Rcb�[]SY_\[�R�SU}6u
_>SU�aT6VX_Qbc[½Ë�[:n�� []R�Rc[:n�da_\}&�\[:n�e�daR�R(Z(NaWYd>R�Rc}Xn�[]_\�:[]_ByXs{_�¾� g�da_BIKJ
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§EJYÄ i�N\[�¬Eb�VX_a�aV6n���®�sM�\[]W«VX_a�SUb�R�Ð4S|o&SUb�V6b�SUs{_aR�J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J ¢

§EJYÄ6JYÄ Ð«sMZ:VXW�m½VXd\}X[�¬EPEo�o�[:bcn(SU[]R J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J ª
§EJYÄ6JÊ§ k�SU}X}{R�®�[]Z�NaVX_aSYR(oÏJ$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J Ì
§EJYÄ6JÊ¢ i�N\[$Ð4V6}Xn�VX_\}{SYVX_�sXr b�N\[�¬Eb�VX_>�aV6n(�®sE�a[]W J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J,ÄXÄ
§EJYÄ6J ª "�[]d\bcn�SY_\s�®-VXR�Rc[]R J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J,ÄXÄ
§EJYÄ6JÊ¤ i�N\[$k�SU[:n(V6n(Z�NQP�L�n(sX�>WU[]o sXr'b�N\[�¬Eb�VX_a�>V6n(��®�sM�\[]WjJ$J¾J$J�J¾J$J$J$J¾J$J�J,Ä]§
§EJYÄ6J! ¬Es{WYd\b�SUs{_>R^sXr�b�N\[�k�SU[:n�V6n(Z(NpPtL�n�sX�>WU[]o J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J,Ä�ª

§EJÊ§ ¬\d\v [:n(RcPMo&o�[:bcn�PjJ$J$J$J¾J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J,Ä" 
§EJÊ§EJYÄ ��¯Mv>WYSYZ:SUb�¬Md\v [:n(R�PEo&o&[:bcn�P�#�n�[]V6TMSY_\} J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J,Ä]Ì
§EJÊ§EJÊ§ i�N\[¾hÂ[]R�R`u%$�dao&SY_\s�®sM�\[]WÅJ$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�§6¨
§EJÊ§EJÊ¢ i�N\[�®-SY_aSYo&VXW«¬Mdav0[:n�RcPEo�o�[:bcn(SYZ¾¬Eb�VX_a�aV6n���®�sM�\[]W J$J¾J$J�J¾J$J$J$J¾J$J�J�§X§
§EJÊ§EJ ª ¬Ev s{_Qb�VX_\[:s{d>R�¬Md\v [:n(RcPMo&o�[:bcn(P�#�n�[]V6TES|_\}~J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�§X¤
§EJÊ§EJÊ¤ ®SY_>SYo&VXW«¬Md\v [:n�}Xn(VDyESYb�P J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�§{£
§EJÊ§EJ! i�N\[�®-VXR�R�¬Ev []Z�bcn(d>o J$J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�§XÌ

§EJÊ¢ g�u�L V6n(SUb�P J¾J�J$J¾J$J$J$J¾J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�¢X¤
§EJÊ¢EJYÄ g�[]Rcs{_aVX_pb�¬MWY[:vabcs{_�L�n(sE�ad>Z�b�SUs{_BV6b�b�N\[$i�[:yGV6bcn(s{_ J$J$J¾J$J�J¾J$J$J$J¾J$J�J�¢{£
§EJÊ¢EJÊ§ L'VXSYn�VX_a��e�R�RcsMZ:SYV6bc[]�-m½VXda}{SY_\s�L�n�sE�>daZ�b�SUs{_ J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J ªaÄ

§EJ ª ��¯MS|Rcb�SY_\}
� s{da_a�aR�s{_�g�u�L V6n(SUb�PByMSUs{WYV6b�SY_a}�¬M¼½¬E¿ J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J ªXª
§EJ ª\JYÄ IÀ_a�>SUn�[]Z�b^� s{da_a�aR¾J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J ªXª
§EJ ª\JÊ§ ¬E[]V6n(Z(Na[]R�V6b'&�()&6¥HÎ�s{WYWYS|�\[:n(R�J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J ª* 
§EJ ª\JÊ¢ ¬E[]V6n(Z(Na[]R�V6b�Ð4[:vabcs{_,+�k�VX�\n�s{_�Î�s{WYWYSY�a[:n(RÈJ�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�¤MÄ
§EJ ª\J ª ¬E[]V6n(Z(Na[]R�V6b�k�VX�\n�s{_-+ k�VX�\n(s{_-Î�s{WYWYS|�\[:n(R©J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�¤Gª
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§EJÊ¤ ¬Md>o&o&V6n�P J$J�J¾J$J$J$J¾J$J�J¾J$J$J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J ¤X¤
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¢EJYÄ m�[]_a[:n(VXW4e�Rcv []Z�b�R/sXr�Î�s{WYWYS|�\[:n�LONQPMR�SYZ:R�J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J ¤{£
¢EJYÄ6JYÄ I`_pbc[:n(VXZ�b�SUs{_aR�sXr L V6n�b�S|Z:WU[]R/��SUb�N�®-V6bcbc[:nzJ¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J ¤�+
¢EJYÄ6JÊ§ k�VX�\n�s{_>SU�]V6b�SUs{_�J¾J$J�J¾J$J$J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J  6¨

¢EJÊ§ i�Na[$i4[:y6V6bcn�s{_e�Z:Z�[]WU[:n(V6bcsXn�J¾J$J$J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J  MÄ
¢EJÊ¢ i�Na[$�¾� ��[:bc[]Z�bcsXn�J$J$J¾J$J�J¾J$J$J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J  X¤

¢EJÊ¢EJYÄ Î^spsXn(�>SY_aV6bc[�¬EPMRcbc[]o�J¾J$J$J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J  X¤
¢EJÊ¢EJÊ§ i�N\[$Ð4dao�SY_\s{R�SUbxPB¬EPMRcbc[]o J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J  {£
¢EJÊ¢EJÊ¢ i�N\[�Î�[]_pbcn(VXW«i�n(VXZ�TMSY_\}t¬MPERcbc[]o�R J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J £EÄ
¢EJÊ¢EJ ª i�N\[�Î^VXWUsXn(S|o�[:bc[:n�¬EPMRcbc[]o J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J £  
¢EJÊ¢EJÊ¤ i�N\[�®das{_-¬EPMRcbc[]o J¾J$J$J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J +6¨

¢EJ ª i�n(SU}X}X[:n]f���V6b�V�e�Z �EdaSYR(SUb�SUs{_BVX_a��L�n�sEZ�[]R(R�SY_\} J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J +  
¢EJ ª\JYÄ Ð4[:yX[]W�Ä J$J$J$J¾J$J�J¾J$J$J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J +  
¢EJ ª\JÊ§ Ð4[:yX[]W�§ J$J$J$J¾J$J�J¾J$J$J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J +�+
¢EJ ª\JÊ¢ Ð4[:yX[]W�¢ J$J$J$J¾J$J�J¾J$J$J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J +XÌ
¢EJ ª\J ª Î^s{o�v>d\b�SY_a}
VX_>�-¬EsXr8b��^V6n�[ J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J ÌX¢
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ª\JYÄ g�[]Z�sXn(�\[]��½V6b�V J$J$J$J¾J$J�J¾J$J$J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J ÌXÌ
ª\JÊ§ ®-daWUb�S  c[:b�$Î^����¯Ebcn(VXZ�b�SYs{_�r8n�s{o �½V6b�V J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$JOÄ:¨\Ä

ª\JÊ§EJYÄ ��Î^� ¬MVXo�v>WU[¾��SUb�N\s{d\b^n�[ �EdaSUn(S|_\}�V���uwb�V6}tJ$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$JOÄ:¨{§
ª\JÊ§EJÊ§ ��Î^� ¬MVXo�v>WU[¾��SUb�N��(uwb�V6},J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$JOÄ:¨{§
ª\JÊ§EJÊ¢ ��Î^� g�[]o�s;yGVXW�¼�R�S|_\}&V�®s{o�[]_Qb�d>o ��[:v0[]_>�\[]_Qb�®d\s{_�IÀRcs{W|V6b�SUs{_ J$J$JOÄ:¨{¤

ª\JÊ¢ ®s{_Qbc[�Î^V6n(WUs�¬\SYo�d>WYV6b�SUs{_ÅJ�J¾J$J$J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$JOÄ:¨{¤
ª\JÊ¢EJYÄ ¬Mb�VX_a�aV6n(��®sE�a[]W #^VXZ�TE}Xn�s{da_a� J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$JOÄ:¨{¤
ª\JÊ¢EJÊ§ ¬\SU}{_aVXW«®s{_Qbc[�Î^V6n(WUs�J¾J$J$J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$JOÄ:¨ +
ª\JÊ¢EJÊ¢ k�SU}{N\[:n���n(�\[:n�Î�sXn(n�[]Z�b�SUs{_aR J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$JOÄ:¨ +
ª\JÊ¢EJ ª ®-daWUb�SYv>WU[�IÀ_pbc[:n(VXZ�b�SUs{_aR&J$J$J$J¾J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$JOÄXÄ:¨
ª\JÊ¢EJÊ¤ L V6n�bcs{_-�½SYRcbcn(SU��d\b�SUs{_B�ada_aZ�b�SYs{_aR J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$J�J¾J$J$J¾J$J$JOÄXÄXÄ
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¤EJYÄ ®-d\s{_aR�J$J¾J�J$J¾J$J$J$J¾J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�ÄXÄ]¢

¤EJYÄ6JYÄ ��SUux®d\s{_i4n(SY}X}X[:n ����Z:SY[]_aZ�P�J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�ÄXÄ�ª
¤EJYÄ6JÊ§ ®d\s{_g�[]Z�s{_aRcbcn�daZ�b�SUs{_ �	��Z:SU[]_aZ�P�J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�ÄXÄD£
¤EJYÄ6JÊ¢ ®d\s{_i4n(VXZ(T�� SY_a�aSY_a}�VX_a��®-V6b�Z(N>SY_\} �	��Z:SU[]_aZ�PlJ$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä]§6¨
¤EJYÄ6J ª ®d\s{_�IÀRcs{W|V6b�SUs{_ ����Z:SU[]_aZ�P J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä]§X§
¤EJYÄ6JÊ¤ 
�®�[]�aS|dao��&®-d\s{_ ����Z:SU[]_aZ�P J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä]§Gª
¤EJYÄ6J! ®d\s{_-®�s{o�[]_pb�dao ¬Mo�[]V6n(SY_a}�J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä]§{£
¤EJYÄ6J £ ¬Mdao&o&V6n(Pt®-d\s{_ ����Z:SU[]_aZ:SU[]RÂJ�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä]§{£

¤EJÊ§ {[:b�R J$J$J¾J�J$J¾J$J$J$J¾J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä]§�+
¤EJÊ§EJYÄ X[:b�e�WU}XsXn(SUb�N>o J¾J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä]§�+
¤EJÊ§EJÊ§ X[:b�I`�\[]_pb�SU�>Z:V6b�SUs{_,J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä]¢6¨
¤EJÊ§EJÊ¢ X[:b�g�[]Z�s{_aRcbcn(daZ�b�SYs{_ ����Z:SY[]_aZ�PÏJ$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä]¢MÄ
¤EJÊ§EJ ª X[:b �O_\[:n�}XP�¬MZ:VXWU[ J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä]¢X¢
¤EJÊ§EJÊ¤ X[:b �O_\[:n�}XPBg�[]Rcs{WYdab�SUs{_qJ$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä]¢  

¤EJÊ¢ ®-SYR�R(SY_\}���� J$J¾J$J$J$J¾J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä]¢  
¤EJ ª i'VXdaRjJ$J$J¾J�J$J¾J$J$J$J¾J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä]¢�+
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 EJYÄ i�N\[�Î�s{o&o�s{_ ��yX[]_pb�L�n�[]R�[]WU[]Z�b�SUs{_ J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä]¢XÌ
 EJÊ§ ¬M[]V6n(Z(Nr sXn�g�[]Rcs{_aVX_pb�¬MWU[:v>bcs{_�L�n�sM�adaZ�b�SYs{_qJ$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä�ªXª

 EJÊ§EJYÄ ¬MSU}{_aVXW«®s{_Qbc[�Î^V6n(WUs�¬Eb�d>�aSU[]R J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä�ªXª
 EJÊ§EJÊ§ ��yX[]_pb½¬E[]WU[]Z�b�SYs{_ J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J$J¾J$J$J¾J$J�J¾J$J$J$J¾J$J�J�Ä]¤X§
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2.1. The Standard Model and its Limitations
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Chapter 2: R-Parity Violating Supersymmetry
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2.1. The Standard Model and its Limitations

��������� � � �3�	� � �D�����J!9��� ��� � � ����� ������� ��� 
A��� �$�
I`_�R�dao�o&V6n�PXf\b�N\[$bcsXb�VXW ¬Eb�VX_a�aV6n���®�sM�\[]W«Ð�V6}Xn(VX_\}{SYVX_�S|R/}{SUyX[]_��EP �

%
	�� Ã %
�������� ��� I %�
��������� � � � � I %�
� ������� I %���� ����� ��SUb�N # §EJÊ¢X¤ %%
�������� ����Ã �_ � ] l º � º _ � I �_ 
 ] l º � º _ 
 Æ # §EJÊ¢  %%�
��������� � � � ��Ã M Ä
ª � º" X � X

º! M Ä
ª n º"  n  

º" M Ä
ª r º" r º" Æ # §EJÊ¢{£�%%�
���������"Ã M � � �� � ± M ��� �± � � ��Æ VX_a� # §EJÊ¢�+ %%���� ����� Ã #�� º � % � #�� º � % M W # � � � %�Æ # §EJÊ¢XÌ %

��N\[:n�[ % �������� ��� V6n�[$b�N\[�TESY_a[]o&V6b�SYZ½bc[:n(o&R�sXr b�N\[¾r [:n�o&SUs{_��a[]W|�aR=_)VX_a��b�Na[]SUn�SY_pbc[:n(VXZ�b�SUs{_aR���SUb�N
b�Na[-}{VXd\}X[³� s{Rcs{_#�a[]WY�aR�daR�SY_a}~b�N\[³Z�sDy6V6n(SYVX_pb��\[:n(SUy6V6b�SUyX[ � º VXRB�\[:��_\[]�#S|_ � �>J(# §EJYÄ]¤ %BVX_a�
# §EJÊ§X¢ %�J�i�N\[ %�
��������� � � � ��bc[:n(o�R�Z�s{_pb�VXSY_Hb�N\[�TMSY_\[:b�SYZKuw[]_a[:n�}XPÂVX_a�~Rc[]WYr|u�SY_pbc[:n(VXZ�b�SUs{_~bc[:n(o&R�sXr/b�N\[
}{VXda}X[t� s{Rcs{_>R�VXR�R�sEZ:SYV6bc[]����SYb�N©b�N\[BWUsMZ:VXWORcPMo&o�[:bcn(P©}Xn�s{d\v>R]J-i�N\[tk�SY}X}{R�Ð�V6}Xn(VX_\}{SYVX_8%���� �����
}{SYyX[]R�o&VXR�R�bcsÂb�N\[ByX[]Z�bcsXn&� s{Rcs{_aR
SY_pbcn�sM�adaZ�[]�H�pP©b�Na[BR�v0s{_pb�VX_\[:s{daR
[]WY[]Z�bcn�s6uw�O[]V6T RcPMo&o�[:bcn�P
�>n�[]V6TES|_\}\J�i�N\[�bc[:n(o&R=% 
� ��������van�sDyMSY�\[�o&VXR�R�bc[:n(o&R^r8sXn^r [:n�o&SUs{_aROyES|V$¿�d\T6V]�^V�Z�s{d\v>W|SY_\}{R�sXr�b�N\[
k�SU}X}{R½bcsBb�N\[
r8[:n(o&SUs{_aR]f0��N\[:n�[�b�N\[��¡�\[]_\sXbc[�WU[:r8b`u�NaVX_a�\[]�³�\s{da�>WU[:b�R½VX_a��b�N\[�±Èn�SU}{NQb`u�N>VX_a�\[]�
R(SY_\}{WU[:b�R:J

��������� �5�R��� �"! � � 
A��#0#c�$#
I`_ Ä]ÌXÌ�+tb�N\[&¬Md\v [:ncu 	$VXo&SYsXTGVX_a�a[�[�¯Mv0[:n�SYo�[]_pb�r8s{da_a�-[:yESY�a[]_aZ�[
r sXn½s{R�Z:SYW|WYV6b�SUs{_-sXrOV6b�o�s{Rcv�N\[:n(SYZ
_a[]d\bcn(SY_\s{R]f�Z�s{_aR�SYRcbc[]_pbB��SUb�NjV o&VXR�RB�aS� [:n�[]_aZ�[�� [:b���[:[]_ ¹ º VX_a� ¹�� sXr�¤ B Ä:¨E¥ ���! [#" �
 B%$'&)( �+*', " �.-0/��21436587�9:7�;8<=7�>'?A@B7DCE;FC0GH;8CE;JI2K *'L CM; *ON @ L 7�;PCRQS?09B9 * 9ST *'LB*VU ?A@ *'L >WCE;PX L Q * <ZY\[C0@B5 *'L Q * ?09 NPLB* Q * ;\@B9']^?09 LB*'_ 7 * T * <`7�; �.-ba �21c3d5 *fe @B?0;8<=? L <`ghCJ< *OU <8C * 9H;PC0@HG�C LB* 9 *'* ;PCE;PI2K *'L C
; *ON @ L 7�;PCiQj?09B9 * 9k?0;8<j;PC L 7DlE5\@mIn58?0;8< * <o; *ON @ L 7�;PCpX *OU <rq � 1�3sCt?0>'>WCEQSQ:CJ<8?A@ * ; *ON @ L 7�;PCuQS?09v9 * 9']
? UD*'w @xCE;y; N QuY *'L >WCE;89 *'LB_ 7�;PlSz{7 L ?0>iQS?09v9|@ *'L Q}58?09d@xCSY * ?0<8< * <y@xCS@B5 * g#CJ< *OU �

%�~�� [h�i�q � q 
�� #�-)1.a & %
36587�9k7�Q w=U 7�>'?A@ * 9�@B5 * 7�;�@ L C)< N >W@B7DCE;jC0G�@B5 * q 
 X *OU <�1 e 7�;=> * @B5 * ; *ON @ L 7�;PCf7�9 *OUD* >W@ L 7�>'? U�U [o; *ON @ L ? U ]
@B5 * CJ>'> NPLBLB* ;8> * C0G6?`gh?%�xC L ?0;8?�QS?09B9t@ *'L Q!G�C L ; *ON @ L 7�;PCE9uY * >WCEQ * 9 w CE9B9B7�Y UD* ]s7�;�>WCE;\@ L ?09x@f@xC
>�58? L l * < UD*'w @xCE;89��

%�����[sg��q �
 q 
�� #�-)1.a $ %
365 * gV?%�xC L ?0;8?ZQS?09B9r@ *'L Q�>'? N 9 * 9y; *ON @ L 7�;8CE9j@xCZY * @B5 * 7 L C%T6;�?0;�@B7DI w ? L @B7�> UD* 9O1�3d5 * <87 LB* >W@
>WCE;=9 * � N8* ;8> * 7�9']H@B58?A@#@B5 *MU�*'w @xCE;�; N QuY *'Ly� 7�9y;8C0@#>WCE;89 *'LB_0* <�1}36587�9+>WC N8U <�Y *�_ ? U 7�<8?A@ * <*W�Jw^*'L 7�Q * ;\@B? U�U [jY\[+< * @ * >W@B7�;Plj@B5 * ; *ON @ L 7�;PCAI UD* 9B9|<8C N Y UD* Y * @B?bIn< * >'?O[ # & q � �&%��.-0���21
#kC0@B5�z{7 L ?0>�?0;8<�gh?%�xC L ?0;8?ZQS?09v9o@ *'L QS9+? w8w^* ? L ? N @xCEQj?A@B7�>'? U�U [�7�;�@B5 *�� ?Al L ?0;PlE7�?0;�]H7DGp@B5 *
; *ON @ L 7�;PCE9�C0Y=@B?07�;SQS?09B9 _ 7�?{@B5 * 
x9 *'* 9B?�T ��Q * >v58?0;=7�9BQ �.-  ��2]\T6587�>�5:lE7 _0* 9�?i;8?A@ NPL ? U8*W�)w=U ?0;8?A@B7DCE;

11



Chapter 2: R-Parity Violating Supersymmetry

G�C L @B5 * 9BQS? U�U ; *ON @ L 7�;PC#QS?09B9 * 9�7�;�>WCEQ w ? L 7�9BCE;M@xChC0@B5 *'L >�58? L l * < UD*'w @xCE;89uC L � N ? L�� 9'1���G
@B5 **OUD* Q * ;�@B96C0Gs@B5 * 9 *'* 9B?OTdInQS?A@ L 7 �

# �q � �q �
 % � [ � g [h�[h� [ 
g � � �q ��
�q 
 � #�-)1.a�- %

N ;=< *'LvU [F?M587 *'L ? L >v5\[0]
9 N >v5 @B5=?A@ [ 
g�� [h� � [ � g @B5 * ;�@B5 *#* 7Dl * ; _ ? U�NP* 9SC0G{@B5 * 9 *'* 9B?OT
QS?A@ L 7 � ? LB* [ 
g ?0;8<�[ � g � M � Q�� �	�Q�
� 1 e CEQ * ; *ON @ L 7�;PCE9j? LB* ;8?A@ N8L ? U�U [ U 7DlE5\@']�Tc587 UD* C0@B5 *'L 9
Y * >WCEQ * 5 * ? _ [0] 5 * ;8> * @B5 * ;8?0Q * 
x9 *'* 9B?OT �oQ * >�58?0;87�9vQy1��Gs@B5 * gh?%�xC L ?0;8?oQS?09B9h[ 
g 7�9|C0G�@B5 *
C L < *'L C0G�@B5 *���� 3 9v>'? UD* ?0;=<j@B5 * z{7 L ?0>HQS?09B9a[h�ZC0G�@B5 * C L < *'L C0G�@B5 *6*OU�* >W@ L C�T * ? � 9v>'? UD* ]\@B5 * ;
@B587�9 UD* ?0<89|@xCj9vQS? U�U QS?09B9 * 9|C0G�@B5 *�� ;PC�T6; #�gV?%�xC L ?0;8? % U�* G�@mIn58?0;=< * <#; *ON @ L 7�;PCE9=[ � g 1
��Gc@B5=7�9:7�9f@ LvNP* ]
?0;8<47�G���� _ 7DC U ?A@B7DCE;47�;Z@B5 *#U 7DlE5�@S; *ON @ L 7�;PCR9 * >W@xC L 7�9:G�C N ;8<�]�@B5 * ; @B587�9ST67 U�U
Y * ?`587�;\@iG�C L ��� _ 7DC U ?A@B7�CE;�T67�@B5�5 * ? _ [�; *ON @ L 7�;PCE9O1h3d587�9u>WC N8U <�Y * ?0; *W�Jw=U ?0;=?A@B7DCE;�G�C L @B5 *UD*'w @xC0l * ; * 9B7�9d7�;+@B5 *i* ? LvU [ N ;87 _0*'L 9 * 1
�dI w ? L 7D@�[ _ 7DC U ?A@B7�;Plr7�;\@ *'L ?0>W@B7DCE;�@ *'L QS9p? Lv* >WCE;8; * >W@ * <R@xC+@B587�9H@xC w 7�>A]�?09{@B5 * [`? Lv* ? U 9xCy?AY UD* @xC_ 7DC U ?A@ * @B5 *tUD*'w @xCE;#; N QtY *'Ld� 1

�������	� � � � 	N!9�$�D� �"
�J��� �"���a���$� ��� � � �+���0������� ��� 
A��� �$�
� 9j? U�U X *OU < @B5 * C L 7 * 9']
@B5 *�e @B?0;8<8? L <�ghCJ< *OU 7�9 _ ? U 7�<ZCE; U [ZG�C L ?M9 w^* >'7DX=> * ; *'L l0[ L ?0;Pl * ?0;8<
58?09f@xC�Y * QS?A@B>v5 * < @xCR?0;PC0@B5 *'LS* � * >W@B7 _0* X *OU <F@B5 * C L [��.-�� �6?A@:9xCEQ *y* ; *'L l0[�9B>'? U�* �c1 e 7�;8> *
@B5 *Ve @B?0;8<8? L < ghC)< *OU 7�9 LB* ;PC L QS? U 7DKO?AY UD* ]�@B5=7�9:> N @mI2C ��9B>'? UD* >'?0; Y * 7�; w8L 7�;8>'7 w=UD* ?A@j7�;PX=;=7D@n[01
�cC�T *'_0*'L ]P@B5 *'LB* 7�9k?tQSC LB*cw 5�[J9B7�>'? U 9B>'? UD* ]J?A@kTc587�>v5j@B5 *ie @B?0;8<8? L <rg#CJ< *OU Y LB* ? � 9
<PC�T6;�1 e 7�;8> *
l L ? _ 7�@n[M7�9i;8C0@t7�;8> U�N < * <�]�?0;8<�@B5 *'LB* G�C LB* ;PC0@�< * 9B> L 7�Y * <�Y)[�@B5 *re @B?0;=<8? L <�ghC)< *OU ]s@B5 * > N @mI2C �
9B>'? U�* 7�9
@B5 * 9v>'? UD* ?A@dT6587�>v5+l L ? _ 7D@�[yY * >WCEQ * 9d?S9x@ L CE;Plj?0;8<y;PC U CE;Pl *'L ; * l U 7DlE7DY UD* G�C L > * 1
" * ? L @B5 * � U ?0;8> � 9B>'? UD* ]P?A@ �� � X

�
�"! � 
 +$#V��- � a B�$'&&%(' �H*', *OUD* >W@ L CE;JI w CE9B7�@ L CE; w ?07 L�w=L C)< N >W@B7DCE;

@B5 L C N lE5Rl L ? _ 7D@B?A@B7�CE;8? U G�C L > * 7�9 w CE9B9v7DY UD* 1f3d587�9p>'?0;MY * >'? U > N8U ?A@ * <MG�C U�U C%T67�;Plr@B5 *S*W�Jw^*'L 7�Q * ;\@
<PCE; * Y\[)�u1*�
? _0* ;8<=7�9B5y7�; $ �$+�+ �.-�+��2]

*'_ ? U�N ?A@B7�;Pl:@B5 * l L ? _ 7D@B?A@B7DCE;=? U�w C0@ * ;�@B7�? U ?A@d@B5 * >WCEQ w @xCE;
T
? _0*OUD* ;8l0@B5-,#�/. � [ � � C0G
@B5 *S*OUD* >W@ L CE;�?0;8<M>WCEQ w ? L 7�;Pl#7�@i@xC [ � � "A]s@B5 *SLB* 9x@ * ; *'L l0[�C0G
@B5 **OUD* >W@ L CE;�1
e CEQ *tw ? L ?0Q * @ *'L 9{C0G�@B5 *:e @B?0;=<8? L <�g#CJ< *OU >'?0;R58? _0* 9 * ;89B7D@B7 _ 7D@�[r@xC+@B5 * < * @B?07 U 96C0G�@B587�9 �cU @ L ?, 7DC UD* @ # �c, %p@B5 * C L [ � $ �21���G
Y^C0@B5R@B5

* C L 7 * 9t? LB* T *OU�U0� ;8C�T6;�]�@B5 *o* ; *'L l0[R< *'w^* ;8< * ;8> * >'?0;�Y *w8Lv* <87�>W@ * < w8LB* >'7�9 *OU [011��Gc@B5 *yN8U @ L ?bI _ 7DC UD* @�@B5 * C L [F7�9 N ; � ;PC�Tc;�]�@B5 * ;F@B5 * < *'w^* ;8< * ;=> * >'?0;ZY ** 9x@B7�QS?A@ * <#Y)[ U�* @x@B7�;Pl:@B5 *p* ; *'L l0[+9v>'? UD*iL 7�9 * G L CEQ � @xCo-�� �
243 7�;87D@ * � N ?0;�@B7�@B7 * 9
C0G�@B5 *te @B?0;8<8? L <hg#CJ< *OU 58? _0* ;PC �c, 9 * ;89B7�@B7 _ 7�@n[ �
2 zH7�Q * ;89B7DCE; UD* 9B9�>WC NPw=U 7�;PlE9 U 7 �0* lE? N l * C L65�N7� ?�Tk?t>WC NPw=U 7�;PlE9�? LB*dw8L C w C L @B7�CE;8? U @xC U ; �Z?0;8<58? _0* @B5 *'LB* G�C LB* ;PC �c, 9 * ;89B7D@B7 _ 7D@�[ �
2 zH7�Q * ;89B7DCE;PI2G N8U�U >WC * �j>'7 * ;\@B9cC0G�5=7DlE5 *'L <87�Q * ;89B7DCE; U 7 �0* @B5 * aAI2G *'L QS7DCE;V>WC NPw=U 7�;PlS7�; 3 *'L Qj7@B5 * C L [y? LB*iw8L C w C L @B7DCE;8? U @xC � ( % ?0;8<y?

LB* @B5 *'Lv* G�C LB*8�6, 9 * ;89v7D@B7 _0* ]PY N @|9 N8w8w8LB* 9B9 * < �

12



2.1. The Standard Model and its Limitations

2 �{; U [:<87�Q * ;89B7DCE;PI2G N8U�U >WC * �j>'7 * ;�@B9
C0G U C�T *'L <=7�Q * ;89B7�CE;j58? _0*HLv* ? U �c, 9 * ;=9B7D@B7 _ 7D@n[0] U 7 �0* @B5 *
9B>'? U ? L �H7Dl0lE9cQS?09B9mIn9� N ? LB* < [ " 	 C L @B5 *p_ ?0> N8N Q * ; *'L l0[01k3d5 * [+? LB*pw8L C w C L @B7DCE;=? U @xCS@B5 *
> N @xC �M9B>'? UD* �c1

365 * �c7Dl0lE9uQS?09B9p7�9p?yQ * ?09 NPL ?AY UD* � N ?0;�@B7�@n[01:3d5 * ?0>W@ N ? U Q * ?09 NPLB* ?AY U�* �H7Dl0lE9iQj?09B9i<PC * 9p;PC0@
< *'w * ;=<{CE;u?0;\[ * ; *'L l0[p9B>'? UD* ?0;8<u>'?0;iY *�w8LB* >'7�9 *OU [H>'? U > N8U ?A@ * <pT67�@B587�;p?|G N ;8<8?0Q * ;�@B? U @B5 * C L [01 �m;
@B5 *ke @B?0;8<8? L <ug#CJ< *OU 58C�T *'_0*'L ]0@B5 * �H7Dl0lE9�QS?09B9mIn9� N ? LB* < � ����� /����	� � 7�9�7�; $ I U C\C w ? w8w8L C � 7�QS?A@B7DCE;<=7 LB* >W@ U [ w8L C w C L @B7DCE;8? U @xCS@B5 * > N @mI2C �M9B>'? UD* �

[ " 	 � [ "
 I��
� "
$  $# "

� #�-)1.a�/ %
� ;\@B7 U @xCJ<8?O[y@B5 * �H7Dl0lE9HQS?09B9t[�	 ?0;=<#@B5 * > N @mI2C ��9B>'? UD* ��? LB*�N ; � ;PC�T6;�1
365 *'LB* >'?0;VY * G�C NPL
9v> * ;8? L 7DCE9�� $ � �
$ 163d5

* ;8?A@ NPL ? U >'?09 * 7�9 [�	� [ 
 ]s9xC+@B58?A@p@B5 * 587DlE5 *'L C L < *'L >WC LvLB* >W@B7DCE;89p? LB* 9vQS? U�U >WCEQfIw ? LB* <o@xC1[�	p1���7D@B5 [ "
  # $'&0&
�{*', % " �.- $ �^G�C

L @B5 * 9B>'? UD* ����a�# BO$'&0& �H*', G�C U�U C%T69']J9xC
@B58?A@d@B5 * 9B>'? UD* < *'w^* ;8< * ;\@d>WC LBLB* >W@B7�CE;#7�9d9BQj? U�U ?0;8< N ;8< *'L >WCE;�@ L C U 1

-)1 ��;ol * ; *'L ? U ?u9 * ;89B7D@B7 _0*cw ? L ?0Q * @ *'L [ @xCt@B5 * > N @mI2C �V9B>'? U�* >'?0;oY * 9BQS? U�U >WCEQ w ? Lv* <j@xC�@B5 *
> N @mI2C �V9B>'? U�* [�� ��7DG�?t587�lE5 *'L ] N ; � ;8C�T6;S9B[)QSQ * @ L [S>WCE;�@ L C U 9k@B587�9 w ? L ?0Q * @ *'L [R1�3d5 *
9x[JQSQ * @ L [0]8C L Q:C LB*pw8Lv* >'7�9 *OU [r@B5 *p*W� @ * ;�@cC0G�@B5 * 9x[JQSQ * @ L [rY LB* ? � 7�;PlS7�9 LB* 9 w CE;89B7DY UD* G�C L
@B5 *i_ ? U�NP* C0G�[R]=7�;y>WCE;�@ L ? L [y@xC U ? L l * ] N ;8;8?A@ NPL ? U 587DlE5 *'L >WC LvLB* >W@B7DCE;896C0G�@B5 * C L < *'L C0G �c1
3d587�9|7�9|?09dl0C)C)<#?09d@B5 * ;8?A@ NPL ? U >'?09 * ?0;8<h7�9|>'? U�UD* <��2-0/ /���� � -���� � �'p ����� 1

/)163d5 * @B587 L <�]��.p ��� � � � �'p ����� w CE9v9B7DY=7 U 7D@n[y7�9p@B5 *:LB* 9 N8U @{C0G|9xCEQ * @ N ;87�;Ply?A@i@B5 * > N @mI2C ��9B>'? UD*T6587�>�5MX �J* 9i@B5 *jw ? L ?0Q * @ *'L [ @xCV?0;PC0@B5 *'L�w ? L ?0Q * @ *'L! C0G|@B5 * �6, @B5 * C L [ [ �  ]
< NP* @xCj9BCEQ * G * ?A@ NPLB* C0G�@B5 * 587�lE5 * ; *'L l0[r@B5 * C L [01

aP1 3 7�;8? U�U [r@B5 *fU ?09x@ w CE9B9B7DY=7 U 7D@n[o7�9 [�	"� � Y * >'? N 9 * C0G U ? L l *tL ?0<87�?A@B7 _0* >WC LBLB* >W@B7DCE;89H@xCr@B5 *U C�T * ; *'L l0[f@B5 * C L [01�365 * �6, @B5 * C L [fQ N 9x@�Y * X ; * I2@ N ; * <S?A@�@B5 * QS?A@B>�587�;Plu9v>'? UD* �c1�3d587�9
7�9^p#�$� � �'p ����� 1 
 ��Gs@B5=7�9d7�9
@ LvN8* ]P@B5 * ;#l0CJ<#<PC * 9B; ).@ U 7 �0*iN 9 � # P1 � [ �&�0* ; %�1

�cw @xCu;8C�Ti]�;8Ci<87 LB* >W@ *'_ 7�< * ;8> * C0G w 5\[)9v7�>'9�Y * [0CE;8<f@B5 *He @B?0;8<8? L <SghC)< *OU 58?09�Y *'* ;:G�C N ;8<�1 �{; **W�Jw=U ?0;=?A@B7DCE;hG�C L @B587�9H>WC N8U <`Y * @B5 * G�?0>W@{@B58?A@{@B5 *'LB* 7�9{;PC+; * T w 5\[)9v7�>'9HY * [0CE;=<h@B5 *je @B?0;=<8? L <
ghCJ< *OUcN8w @xCZ@B5 *`* ; *'L l0[�9v>'? UD* �  � X

�
�"! � 
 +$# � $'&&%('

�H*', Tc5 *'LB* l L ? _ 7D@B?A@B7DCE;�Y * >WCEQ * 9y?
;8C U CE;Pl *'L ; * l U 7DlE7DY UD* G�C L > * 1 3d5=7�9o7�9o@B5 * TkC L 9x@y>'?09 * ]{Y * >'? N 9 * @B5 * ;�;PC *W�Jw=U ?0;8?A@B7�CE; G�C L ?
9vQS? U�U �c7Dl0lE9:Qj?09B9�� $ 3

*', *W� 7�9x@B9'1�3d5 * 587�lE5 *'L C L < *'L >WC LBLB* >W@B7DCE;=9f@xCR@B5 * �c7Dl0lE9:Qj?09B9:? LB*
? U 9xC w8L C w C L @B7�CE;8? U @xC �&%('
1�365 * [F? w=w * ? L @xCMY * X=; * @ N ; * < C _0*'L /baMC L < *'L 9SC0GpQS?AlE;=7D@ N < *
# Q ��) �  $'&)(

�!� %�1y3d587�9iX=; * @ N ;87�;Pl#7�9i9x@ L CE;Pl U [R<87�9xG�? _ C Lv* <MY)[�QSCE9x@ w 5\[J9B7�>'7�9x@B9p?0;=< � ;PC�T6;�?09
@B5 *+*-, � ������.0/ -!1 ��2",0� �;/ 2�3 � / �546� � �87 ��� 7:9 2 7;� �=< 3d5 * � L C0Y UD* Q 7�9
C0G�@ * ;#>�58? L ?0>W@ *'L 7DK * <#Y\[r@B5 *L ?A@B7DC:C0G�@B5 * 7�; _ C UD_0* <#9B>'? UD* 9 �  "  � X

�
�"!  $'& ( %	> ? -)1.a0aA@

36587�9 9v58? U�U Y * <87�9v> N 9B9 * <�7�;�Q:C LB* < *'w @B5�7�; e)* >A1E-)1 -)1 /HY * >'? N 9 * @B5 * @n[ w 7�>'? U G * ?A@ N8LB* C0G 9 NPw^*'L 9B[)QfI
Q * @ L [0]�7�1 * 1+@B5 * 7�QSQj?0; * ;�@t9x[)QjQ * @ L [�Y * @nT *'* ; w ? L @B7�> UD* 9i?0;=<�9 w ? L @B7�> UD* 9 w=L C _ 7�< * 9i? ? 9

NPw^*'L @
;=?A@ NPL ? U 9xC U�N @B7DCE;�1

13



Chapter 2: R-Parity Violating Supersymmetry

��������� ���������D!9� �a# ��� � � � 	N!9�$�D� �"
�J��� �"���a���$�
3d5 *'LB* ? LB* 9 *'_0*'L ? U T
?O[J9u@xC`9xC UD_0* @B5 * �H7 *'L ? L >�5�[1� L C0Y UD* Q C0G|@B5 *+e @B?0;8<8? L <�g#CJ< *OU ]sY * >'? N 9 *
9 *'_0*'L ? U ?09B9 N Q w @B7DCE;89kT *'LB* QS?0< * @xC 
x> LB* ?A@ * �j@B587�9 w8L C0Y UD* Qy1

2 3d5 * l L ? _ 7D@B?A@B7DCE;8? U G�C L > * Y * >WCEQ * 9p?+9x@ L CE;PlrG�C L > * ; * ? L @B5 * � U ?0;=> � 9B>'? U�* 1u3 Cy>'? U > N=U ?A@ *@B587�9 * ; *'L l0[y9B>'? U�* ]8@B5 * l L ? _ 7�@B?A@B7DCE;8? U�w C0@ * ;\@B7�? U T
?096?09B9 N Q * <+@xCjY * lE7 _0* ;#Y)[
W�� � X � ? ,;@�� M � [

%
[ ",

�
$ I � & (���	� ? -)1.a�� @

T67D@B5 ��
 & 10�6C%T
*'_0*'L ])@B587�9�<PC * 9�;PC0@�58? _0* @xCpY * @ LvN8* 1 �{L ? _ 7D@B?A@B7DCE;:?09�lE7 _0* ;fY\[��� 1�-)1.a��

T67D@B5 ���� & 58?09{Y
*'* ;R9x@ N <87 * <VG�C LiL ?0;8l * 9�,r<8C�T6;�@xC#@B5 * C L < *'L C0G
?yQS7�> L CAInQ * @ *'L ?0;8<*W� > U�N 9B7DCE; U 7�Qj7D@B9kCE; �F?0;8<y@B5 *p* ; *'L l0[+9v>'? UD* � 58? _0* Y *'* ;y9 * @'] 9 *'* 3 7DlP1=-)1 - ? ?;@�1

3d5 * 9B>'? U�*jNPw @xC#Tc587�>v5 �HL ? _ 7D@�[M7�9 N ;8< *'L 9x@xC)C)<R7�9u9BQS? U�UD*'L @B5 * ; $
*', 1�� _0* ;M@B5 * 9v>'? UD*NPw @xCRT6587�>�5 ;PCR?AY=;PC L Qj? U l L ? _ 7D@B?A@B7DCE;8? Ud*�� * >W@B9o58? _0* Y *'* ;ZG�C N ;8< 7�9fCE; U [�� $ 3

*', 1
3d587�9 U�* ? _0* 9
9x@B7 U�U ?0; N ; � ;PC%T6;S@ *'LvL ?07�;SC0G $�� @xCf-��uC L < *'L 9�C0G�QS?AlE;87�@ N < * @xC �  � X � �"!E])C _0*'LT6587�>�5+@B5 *uU ?�T C0Gsl L ? _ 7D@B?A@B7DCE;h7�9 *W� @ L ? w C U ?A@ * <�1
� ?A@ *OU [0]d?0;PC0@B5 *'L Q:CJ< *OU T
?09o7�;�@ L CJ< N > * < �.- + �2]|7�; T6587�>v5 @B5 * l L ? _ 7D@B?A@B7DCE;8? U ?0;8<4lE? N l *
7�;�@ *'L ?0>W@B7DCE;89SY * >WCEQ *VN ;87D@ * < ?A@S@B5 * T * ? � 9B>'? U�* 1 3d5 * C0Y 9 *'LB_0* <4T * ? � ; * 9B9SC0G{l L ? _ 7�@n[
CE; <87�9x@B?0;8> * 9�� $ QSQ 7�9o< N8* @xC�@B5 *V*W� 7�9x@ * ;8> * C0G ��� -�; * T >WCEQ w ?0>W@y9 w ?A@B7�? U <87�I
Q * ;89B7DCE;=9'] U ? L l * >WCEQ w ? Lv* <R@xCy@B5 * T * ? � 9v>'? UD* 1�365 * � U ?0;8> � 9v>'? UD* �  � X

�
�"!�� � ( %! "� 7�9

;PC0@p?oG N ;8<=?0Q * ;�@B? U 9B>'? UD*�" 7D@B9 * ;8C L QS7D@�[V7�9H?+>WCE;89 * � NP* ;8> * C0G�@B5 *fU ? L l * 9B7�K * C0G�@B5 * ; * T
<87�Q * ;89v7DCE;89'1
3d5 * > N @mI2C � 9B>'? UD* 7�9 U C�T *'LB* <hY\[r@B5 * 9B7�K *$# C0G�@B5 *p*W� @ L ?bIn<=7�Q * ;89B7�CE;89��

 ) � E  " � X
�
�"!# F w�

� ? -)1.a � @
z&% 58?09k9 * ? L >�5 * <jG�C L
� ? L l * � � @ L ?uz{7�Q * ;89B7DCE;89�7�;j<87DInQ N CE;SX=;8? U 9B@B?A@ * 9k?0;=<o58?09�9 * @k@B5 *
Q:CE9x@p9x@ L 7�;8l * ;�@ U 7�QS7D@6C0G $ � $ 3

*', G�C L ��� -jCE;V@B5 * G N ;8<=?0Q * ;�@B? U 9B>'? UD* 7�;V@B587�9H>v58?0;=; *OU
�./ & �21

2 3d5 * � U ?0;8> � 9B>'? UD* 7�9
;PC0@
; * > * 9B9B? L 7 U [:@B5 *pU C%T * 9x@ w CE9B9B7�Y UD* > N @mI2C � 9B>'? UD* G�C L @B5 *ie @B?0;8<=? L <g#CJ< *OU 1 e @B?0;8<8? L < ghC)< *OU
w ? L ?0Q * @ *'L 9j>'?0; UD* ?0<Z@xCM?�> N @mI2C � 9B>'? UD* � � �� � X
�
�"!�1 �m;

3 7�lP1 -)1 - ? Y @d@B5
* >WCE;89x@ L ?07�;�@B96CE;y@B5 * �H7Dl0lE9HQS?09B9h[ 	 7�;#< *'w * ;=< * ;8> * C0G�?0; * ; *'L l0[+9v>'? UD*

��?0;=<+@B5 * @B5 * C LB* @B7�>'? U N ;8> *'L @B?07�;�@B7 * 9|? LB* 9B5PC%T6;�1
e 7�;8> * @B5 * �H7Dl0lE9c>WC NPw=U 7�;8l � 7�9

LvN ;8;87�;PlP]J?09|lE7 _0* ;hY\['��� 1 -)1.a �\]
� ? �&@�� � ? [)(;@

$ M+*-,/. Q10324-5 U ; ) �Q �076 ? -)1.a ��@

14
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2.2. Supersymmetry

� ?�� " � @ � g �-e-g "
$�� # "

� c6-6� " %('�� � � " e U ;�� � %('� e�	 � �D�D� 
 ��
f������� � � ��f

$�� # "
� � " %(' c�- � " f U ;�� � %('� f 	 � �D�D� 
 ? -)1 � & @

e 7�;8> * G *'L Qj7DCE;89H>'?0;M58? _0* @�T�C w C U ? L 7DKO?A@B7DCE;�9x@B?A@ * 9']�@�T�C#9v>'? U ? L 9p? LB* ; *'* < * <`7�;VC L < *'L @xC �0*'*'w
?#Y=? U ?0;8> * <�; N QtY *'L C0G|< * l LB*'* 9tC0G
G LB*'* <8CEQy1r365 * @nTkC�9B>'? U ? L >WC N8w=U 7�;PlE9p? Lv* < * ;PC0@ * <�����?0;8<����1 ��7D@B587�;+@B5 *:e @B?0;8<8? L <hg#CJ< *OU @B5 * @ *'L QS96T�C N8U <#>'?0;8> *OUs* ?0>v5VC0@B5 *'L � N 9x@dY)[y>v58?0;=> * ]=T6587�>v5Lv* 9 N8U @B9�7�;:@B5 * 587 *'L ? L >v5\[ w8L C0Y U�* Qy]�?09k<87�9B> N 9v9 * <:7�; e)* >A1J-)1 $ 1 �)1�3d5

* ;8?A@ NPL ? UP_ ? U�NP* C0G @B5 * �H7Dl0lE9
Qj?09B9�<PC * 9k;PC0@�9 *'* Q @xC�Y * C0G�@B5 * C L < *'L C0G�9xCEQ * 5 N ;8< LB* < �{*', Y N @ L ?A@B5 *'L C0G�@B5 * C L < *'L C0G�@B5 *
> N @mI2C � 9v>'? UD* � %(' ]PT6587�>�5yQS?O[+Y * ?09 U ? L l * ?09d@B5 * � U ?0;8> � 9v>'? UD* ?�� / � * , � ������.0/�� 1 ��2��0� ���5@�1
��G�?S9 NPw^*'L 9x[JQSQ * @ L [SY * @nT *'* ;hG *'L QS7DCE;=9 `! �?0;=<yY^CE9xCE;89 a" �7�9d7�;\@ L CJ< N > * <�]J@B5 * ;h@B5 * 9x[JQSQ * @ L [
>WCE;\@ L C U 9H@B5 * >WC NPw=U 7�;PlE96?0;=< ��f � g �-e�g " 1 ��?0>v5 e g G *'L QS7DCE;V7�9H?0>'>WCEQ w ?0;87 * <`Y)[#@nTkC+Y^CE9xCE;87�>
9 NPw^*'L I w ? L @B; *'L 9']�>WC LBLB* 9 w CE;8<87�;Plh@xC�Y^C0@B5Z>v587 L ? U 9B@B?A@ * 9:C0G6@B5 * G *'L QS7DCE;�]�C0Gc9B7�Qj7 U ? L Qj?09B9:?0;8<_ 7�> * I _0*'L 9v?MG�C L Y^CE9xCE;89'1 � U�U G *'L QS7DCE;89:?0;=<4Y^CE9xCE;89o? LB* ? LBL ?0;8l * <�7�;49 NPw^*'L InQ N=U @B7 w=UD* @B9O1�3d5 *
<=7 _0*'L l * ;\@ �H7Dl0lE96QS?09v9c>WC LBLv* >W@B7DCE;h@ *'L Q}T67 U�U >'?0;8> *OU ;=?A@ NPL ? U�U [01
3d5 * 9BQS? U�U � � 7�9c?SG * ?A@ NPLB* C0G
@B5 * ; * T @B5 * C L [0] ;PCj587 *'L ? L >v5\[ w=L C0Y UD* Q 7�9 U�* G�@'1
e 7�QS7 U ? L @xCiC0@B5 *'L 9x[JQSQ * @ L 7 * 9 U 7 �0* 7�9xCE9 w 7�;f7�; _ ? L 7�?0;=> * ]�? LB* >'7 w^* @xCu>WCE;89B@ LvN >W@�? e �pe 5 7�; _ ? L 7�?0;�@
?0>W@B7�CE;V>'?0;`Y * G�C N ;8<�1 � � N 7 _ ? UD* ;\@d@xCo@B5 * ; N > UD* CE;hC Lcw 7DCE;h7�9BCE9 w 7�;yX *OU <h?o>v587 L ? U 9 NPw^*'L X *OU < #
7�9|< * X=; * <�.

# �$#%& a
`' (")* 6 ? -)1 � $ @

Tc5 *'LB* aj7�96?r9B>'? U ? L Y CE9BCE;#X *OU <V?0;8< ` @B5 * ?09B9xCJ>'7�?A@ * <�9 w 7�;JI %" G
*'L QS7�CE;#X *OU <�1���@H7�967�Q w C L @B?0;�@

@B5=?A@:@B5 * Y^CE9xCE;87�>+?0;8< G *'L QS7�CE;87�>r< * l LB*'* 9:C0GHG Lv*'* <PCEQ�? LB*y* � N ? U 1 3d587�9:7�9:?0>'>WCEQ w=U 7�9B5 * <FY\[
7�;�@ L CJ< N >'7�;Plo@B5 * ? NJ� 7 U 7�? L [0]�>WCEQ w=UD*W� ]s;PC0@ w=L C w ?AlE?A@B7�;Pl�' X *OU <�1 ��@u>'?0;�Y *:*W�Jw8LB* 9v9 * < w=NPLv*OU [
? U l * Y L ?07�>'? U�U [j7�;r@ *'L QS9
C0Gs@B5 * 9B>'? U ? L X *OU <89'1 ��G�?fG N ;=>W@B7DCE;�+ ? # % 6

# " 6
�D�D�
6
#  @�Tc7D@B5+?0;y? L Y=7D@ L ? L [

; N QtY *'L-, C0G�9 NPw^*'L X *OU <89 #  �7�9c< * X=; * <�]=@B58?A@{Q N 9x@c< *'w^* ;8<hCE; U [yCE;V@B5 * #  �C L CE;V@B5 * #/. ] Y N @
;8C0@SCE; @B5 * 9 NPw^*'L X *OU <89 � �87hCE; @B5 * 7 L 5 *'L QS7�@ * >'? U ?0<b�xCE7�;�@B9O]�@B5 * ;4@B5 * G�C U�U C�Tc7�;Pl � ?Al L ?0;8lE7�?0;l N ? L ?0;�@ *'* 9H?0;#?0>W@B7DCE;hT6587�>�5y7�9|7�; _ ? L 7�?0;�@ N ;8< *'L 9 NPw^*'L 9x[JQSQ * @ L 7�>H@ L ?0;89xG�C L QS?A@B7DCE;=9/.

b � �  ?1032 a" @54 ?102 a" @ � ,
- �  �`6 �0 `! 

c �  87777 0
+0 #  7777

"
f:9��<;=9

c �  � > �`! $ c@?BA
- 7777 0

" +0 #  0 # > 7777
"
f�<; ` > � 5�1 >A1

6 ? -)1 �0- @

17



Chapter 2: R-Parity Violating Supersymmetry

T65 *'LB* @B5 * X L 9x@ U 7�; *uLB*'w=LB* 9 * ;\@B9p@B5 * � 7�; * @B7�>t@ *'L QS9pG�C L @B5 * 9B>'? U ? L ?0;8<�@B5 * G *'L QS7DCE;`X *OU <�]�@B5 *
9 * >WCE;=< U 7�; * lE7 _0* 9�@B5 * 9B>'? U ? L�w C0@ * ;\@B7�? U ?0;8<�@B5 * @B587 L < U 7�; * @B5 * G *'L Qj7DCE;JIn9B>'? U ? L In7�;�@ *'L ?0>W@B7DCE;�1�3d5 *
G N ;8>W@B7DCE;�+ 5=?09i@xC#Y * <87 � *'LB* ;\@B7�?A@ * <RY)[ #  |?0;8<RX=;=? U�U [ *'_ ? U�N ?A@ * <�G�C L #  
� a" �]�9xC#@B58?A@t@B5 *
< *'L 7 _ ?A@B7�CE;�< *'w^* ;8<=9 2 � � � CE;Z@B5 * 9B>'? U ? L >WCEQ w CE; * ;�@:C0Gc@B5 * 9 NPw^*'L X *OU < #  �1�+ 7�9�>'? U�UD* <F@B5 *
9 N8w *'Lvw C0@ * ;\@B7�? U ]�?0;8< Q N 9x@:Y * ?A@SQ:CE9x@j? w C U [J;PCEQS7�? U C0G{< * l LB*'* @B5 LB*'* T67D@B5 LB* 9 w * >W@:@xC�@B5 *
9 N8w *'L X *OU <89 #  1c365 * � * 9B9xI�� N QS7�;8CrghC)< *OU ] T65=7�>v5V7�96<87�9B> N 9B9 * <V7�; eJ* >A1^-)1 -)1 -)]�>'?0;`Y * < *'L 7 _0* <* ?09B7 U [jG L CEQ�� �=1 ? -)1 �0- @|T67D@B5�at�

�
�  ��� " ?0;8< + ? # @�� %" � # " � %* � # * 1��587 UD* @B5 * ?AY^C _0*HLv* >'7 w^* TkC L�� 9kG�C L ?0;\[j>WCEQtY=7�;8?A@B7�CE;jC0G >�587 L ? U 9 NPw^*'L X *OU <89']E?�9B7�QS7 U ? L�LB* >'7 w * @xC

>WCE;89B@ LvN >W@
9 NPw^*'L 9x[JQSQ * @ L 7�>
lE? N l * @B5 * C L 7 * 9 ? >WCE;\@B?07�;87�;PltlE?
N l * ]89 w 7�;JI $ X

*OU <=9 @�>'?0;rY * G�C N ;8<o7�;
].-J]Pa _ 1�3d5

*i� ?Al L ?0;PlE7�?0;h< * ;89B7D@�[jG�C L ?:lE? N l * 9 NPw^*'L Q N8U @B7 w=U�* @�7�9
@B5 * ; .
b 0���	�0�
 � c $a ' �2�� ' 2� � c ,

� . � �� 2�� 2 � � � $- � � � � 6 ? -)1 �0/ @
T65 *'LB* � � 7�9p?y9

w 7�;JI %" lE?
N lE7�;8CrX *OU <�]�@B5 * 9 N8w *'Lvw ? L @B; *'L C0Gk?yQj?09B9 UD* 9B9HlE? N l * Y CE9BCE;�X *OU <�� � 1

3sC0l * @B5 *'L � �|?0;8<����
G�C
L Q ?clE? N l * 9 N8w *'L Q N8U @B7 w=UD* @'1�3d5 * 7�;8< *W���iLvN ;89sC _0*'L @B5 *kLB*'w8Lv* 9 * ;�@B?A@B7�CE;

C0G�@B5 * lE? N l * l L C NPw ?
� � $ �D� �rG�C Lue � ? / @��H>WC U C L ] � � $ 6

-
6
/rG�C Lie7� ? - @��RT

* ? � 7�9xCE9 w 7�;�] � � $G�C L � ? $ @��4T
* ? � 5�[ w^*'L >v58? L l * @�1�3d5 *�5 ?0;PlAI�gV7 U�U 9
X *OU <y9x@ LB* ;8l0@B5�'��2�� 7�9d< * X ; * <y?09/.' �2�� � 032 � �� c 0�� � �2 c�� " ��� � � �2 � �� 6 ? -)1 �baA@

?0;8<#@B5 * >WC _ ? L 7�?0;\@c< *'L 7 _ ?A@B7 _0* C0Gs@B5 * lE? N lE7�;PC:X *OU < � 2 � � 7�9/.
� 2 � � � 032 � � c�� " ��� � � �2 � � � ? -)1 �0� @

3d5 * ? NJ� 7 U 7�? L [�X *OU < � � 7�9�7�;o?0;8? U C0l0[ST67D@B5o@B5 *HL C UD* C0G @B5 * ? NP� 7 U 7�? L [fX *OU < '6 � 0 "�� 0 #  7�;o@B5 *>�587 L ? U 9 NPw^*'L Q N=U @B7 w=UD* @�>'?09 * 1�3d5 *'LB* G�C Lv* � � >'?0;r? U 9xCiY *d*W�Jw8LB* 9B9 * <j7�;:@ *'L QS9�C0G^@B5 * 9B>'? U ? L X *OU <�.
� � � c � #/4"! � #

6 ? -)1 � � @
T65 *'LB* @B5 * 5 *'L QS7D@B7�?0;yQj?A@ L 7�> * 9 ? ! � @  > LB*'w8LB* 9 * ;\@d@B5 * lE? N l * l L C N8w @B58?A@c@ L ?0;89xG�C L QS9|@B5 * >v587 L ? U9 N8w *'L Q N8U @B7 w=UD* @B9 # 1 3d5 * >WCEQSQ N @B?A@xC L 7�9'] ! �

6
! � _ �

, " ��� � ! � ]k9xCM7DG6G�C LS*W� ?0Q w=UD* @B5 * lE? N l *l L C N8w 7�9 #$# ? - @�] @B5
* ;V@B5 * ! ��? LB* %" @B7�Q

* 9c@B5 * ��? N=U 7�QS?A@ L 7�> * 9c?0;8< " ��� � �&% ��� � 7�9d@B5 * @xC0@B? U�U [?0;\@B7�9x[JQSQ * @ L 7�>{@ * ;89xC L 1
3 7�;8? U�U [0] 7�;M?V9 NPw^*'L 9x[JQSQ * @ L 7�>�lE? N l * @B5 * C L [R@B5 * >WCEQ w=U�* @ * 9B>'? U ? Ltw C0@ * ;�@B7�? U >'?0;MY * T L 7D@x@ * ;?09/.

' � 77 '  77 " � $-Zg � � g "
� �  7777 0

+0 #  7777
"
f�9 �<;=9 � $- � � � "� ? #/4)( � # @ "

� +  '  �c +  > a" a > � 5�1 >A1 ? -)1 ����@
3d5 * @nTkC`@ *'L QS9�? LB* >'? U�UD* < '{I2@ *'L Q!?0;=< � I2@ *'L Q!>WCE;�@ L 7�Y N @B7DCE;89O1#3d5 * '{I2@ *'L QS9f? LB* X �)* <�Y\[5�N7� ?OT
?R>WC NPw=U 7�;PlE9u?0;=<�G *'L QS7�CE;�QS?09v9t@ *'L QS9f?0;8<F@B5 * � I2@ *'L QS9:? Lv* X �J* <FY\[�@B5 * lE? N l * 7�;JI

18



2.2. Supersymmetry
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Chapter 2: R-Parity Violating Supersymmetry
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Chapter 2: R-Parity Violating Supersymmetry
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Chapter 2: R-Parity Violating Supersymmetry
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2.2. Supersymmetry
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2.2. Supersymmetry
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Chapter 2: R-Parity Violating Supersymmetry
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2.3. R-Parity
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2.3. R-Parity
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2.4. Existing bounds on R-Parity violating SUSY
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Chapter 2: R-Parity Violating Supersymmetry
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3.1. General Aspects of Collider Physics
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3.2. The Tevatron Accelerator
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3.2. The Tevatron Accelerator
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3.3. The DØ Detector
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3.3.2 The Luminosity System
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3.3.3 The Central Tracking Systems�$,+�-,+� 	�
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3.3.4 The Liquid Argon Calorimeter
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3.3.4 The Liquid Argon Calorimeter
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3.3.5 The Muon System
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3.4. Trigger, Data Acquisition and Processing
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Chapter 3: The Experimental Environment
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3.4. Trigger, Data Acquisition and Processing
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3.4. Trigger, Data Acquisition and Processing
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Chapter 3: The Experimental Environment
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3.4. Trigger, Data Acquisition and Processing
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Chapter 4: Data Samples
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4.2. Multijet QCD Extraction from Data
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Chapter 4: Data Samples
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4.2. Multijet QCD Extraction from Data
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Chapter 4: Data Samples
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4.3. Monte Carlo Simulation
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Chapter 4: Data Samples
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4.3. Monte Carlo Simulation
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Chapter 4: Data Samples

��� ���c� ����0\.����0
 "%.\�b� ��� ' ��"
]8Yx6c2)!AºD,/. ,;�f��er!$�)2�6478# !AQJ�"(45�bi6J�f�-, �8(+.>5A6i# (4?@*�5A,;#M�)(�V4,}B[,/,;��Q4,;�1,/.'(+�-,;2¨7n64.M� �1,U. ,;#-6J�)(4�f�*).>6G2)9"%O� !A6J�M647D# 5A,/*)�-6J�)#k(4�)2{7n64.k� �),x*�(4!A.k(4�"2&(4# # 6G%/!$(+�-,;20*". 6G2"9)%O� !A6J�&647)QJ(491QJ!$�16J#;E �164.�(45$5f#>(4? �*"5$,;#�� �1,�bi6J�f�-, �8(+.>5A6MQ4,;�1,/.'(+�-64.��������	��
�:V1�GE �4� � 2z�=� 21� � �)(4#�B[,/,;�}9)� !$5$!AX/,;2FEk]^�1,g,/V4,;�z� #p�)(�V4,B[,/,;�h. ,;%O6J�"#-�-.>9)%O�-,;2i?	6J#-� 5AK36J�h� �1,7+��oYx64. e4,/. � �16r21,\%/5I9)#-�-,/.��p5I91,;2)�0(4�)2i(+� o�.>!$2 � (4�»H;�rH � E
]^�),�t��t��o*"(+.>(4?@,/�-,/.Z# *"(4%O,��)(4#pB[,/,;�h# %/(4�)�1,;237n64.^(0�1mG,;23.>(+� !$6{647k� �1,�V+(4%/9)9)? ,Omr*D,;%O� (+� !$6J�V+(45$91,;#x647|� �),�¸a!AQ4QJ#8216J9)B"5A,/� #p(+�8� �1, ! 5 # %/(45A,�� (4��� < �Gq)({�),/QJ(+� !AV4,M# !AQJ�3647|� �),�¸a!AQ4QJ#8?	(4#>#?	!Amr!$�)Q&*"(+.'(4?@,/�-,/. $ 8T�rq"(4�"2h(0V±(4�)!I# �)!$�1Q{�-.>! � 5I!$�1,;(+.8%O6J91*"5$!I�1Q&�-,/.'?�� H <��rEC]^�1,�. ,;?	(4!I�)!$�1Q?Ut
�ko � n�*"(+.>(4?	,/�-,/.>#/qr� �1,�9)�)!AV4,/.'# (45"# %/(45I(+.p?}(4# #�� H (4�)2U� �1,�9)�)!$V4,/.># (45)QJ(49)QJ!$�160?	(4# #�� ª &��(+��� �1,to?�a]�# %/(45A,4qFYx,/. ,	# %/(4�"�1,;2�!$�N(:�LKG*"!$%/(45k*"(+�-�-,/.>��# !$X/,{647pu+�moa,O�{E\���1,@# !AQJ�)(45j# (4?	*"5A,4q64.&t��t���*"(+.>(4?@,/�-,/. ;�*[6J!$�f�@=rq|!$#�2),/�"�1,;2NBfK�(4��9)�)!IRf91,0%O6J?&B"!$�)(+� !A6J��647�� �1,@*"(+.>(4?	,/�-,/.>#�� H(4�)2�� ª &�� �n� �1,064� �1,/.�?Ut� o � n *"(+.>(4?@,/�-,/.'#a(+.>,{�)mG,;2N7n64.�(45I5l#-� 9"2)!A,;2=*D6J!I�z� # � E�w��N�-64� (458H4HQ�. ,;# 6J�)(4�z� � #>5A,/*)�-6J� � *[6J!$�f� #\Yg!A� ��H

�
2 � H/���},/V4,;�f� #@(4�)2·u 2�QJ(491QJ!$�16 � *"(4!$. 6±(4# #-6r%/!$(+�-,;2 � *[6J!$�f� #\Yg!A� �

2 � H/� L ,/V4,;�z� #:�)(�V4,=B[,/,;�WQ4,;�1,/.>(+�-,;2�(4�)2T*�(4# #-,;2T� �). 6J91QJ�T� �),c7µ9)5$5^21,/�-,;%O�-64.h# !I?&9)5I(+� !A6J�Fqp(4#21,;#>%O.>!AB[,;2c!$��tG,;%+Ed�GE321E321EM]^�1,&�-64� (45s�f9)?&B[,/.Z647C# � 9)2)!A,;2=QJ(491QJ!$�16U*"(4!A. 6±(4#>#-6G%/!I(+�-,;2=*". 6G2"9)%O� !A6J�*[6J!$�f� #C!$#C# ?	(45$5A,/.x%O6J?@*"(+. ,;2}�-6&� �),g�G9)?\B[,/.�647F.>,;#-6J�)(4�f� � # 5A,/*)�-6J�U*). 6r2)9)%O� !A6J�	*D6J!I�z� #/qG# !$�)%O,Z� �1,QJ(491QJ!I�16 � (4�)(45AKr# !$#8#-,;�"# !A� !AVr!A�LK321,/*[,;�)2)#p6J�)5$K}Yx,;(+eG5AK:6J��� H q"# 6	� �)(+�^� �1,M# ,;(+.>%>�=*"(+�-�-,/.>�i%O6J9"5$2B[,U%'�16J#-,;�·?@64. ,:%O6J(+.>#-,;5$K4E�]Z�1,U.>,;#-6J�)(4�f� � # 5A,/*)�-6J� � ,/V4,;�f� #@�)(�V4,:(45I5CB[,/,;�P. ,;%O6J�)#-�-.>9"%O�-,;2PYg!A� �� �1, +���#-647n�LYp(+. ,@. ,;5A,;(4#-,{V4,/.># !$6J�=*lH 21E �J�GE �JuGq|� �1,0*"(4!A. 6±(4# #-6r%/!$(+�-,;2 � QJ(491QJ!$�)6 � ,/V4,;�z� #M�"(;V4,@B[,/,;�. ,;%O6J�"#-�-.>9)%O�-,;2·YZ!$� �P*lH 21E �
�
E �1H+E ng5$5�,/V4,;�f� #}�)(�V4,hBD,/,;�·%O6J?&B"!$�1,;2·Yg!A� �

j
6J!$#>#-6J��2)!$#-�-.'!AB"91�-,;2?	!I�)!$?{9)? B"!$(4#&,/V4,;�z� #;q��

�
�c6J�<(;V4,/.'(+Q4,4qC�-6�# !$?{9)5$(+�-,}� �),},Oº[,;%O�{647g?&9)5$� !A*"5A,	!$�f�-,/.>(4%O� !A6J�"#/qs(4#2)!I# %/9)# #-,;2:!$�ctr,;%+E 21Ev�GE321E

6 � B[6J#-6J�"#&Yg!A� �·�1,/QJ(+� !AV4,=bc6J�z�-, �8(+.>5A6�Q4,;�1,/.>(+�-64.3%O6G2), �
j
(+. � !I%/5A, +�(+� (�oa. 6J91*�!$2),;�z� !A��%/(+� !A6J��G9)?&BD,/.�q

j
+@o w + < � u4� � 7y. 6J?�%/(4# %/(421,021,;%/(;Kr#��

�
H� # h���

�
H ª (+. ,&�164�g. ,;%O64QJ�)!AX/,;2N%O64. . ,;%O� 5$KhBfK� �1,

j
� ! ��!6�o!$�f�-,/. 7n(4%O,	!I�=� �),	9)#-,;2!�"���#�	��
�PV4,/.># !A6J��V1�GE �4� � 2z�GE}]^�1,0. ,;#>9)5A��!$#/q[� �)(+�M� �),;#-,*"(+.>� !$%/5A,;#|(+.>,�!$�f�-,/. *). ,/�-,;2\BfK%$&
('��*)0(4#k#-� (+B"5$,�*"(+. � !$%/5$,;#|(4�)2&216g�164�k21,;%/(;K4Es]l6g%O64. .>,;%O�l7n64.l� �"!$#/q(45$5z,/V4,;�z� #j%O6J�f� (4!$�)!$�)Q 6�� #lYZ!A� �M�1,/QJ(+� !$V4,xw�+T(+. ,�. ,;?@6�V4,;2{(4�"2M� �1,�. ,;?	(4!$�)!I�1Q+�

�
H� # �,�

�
H ª ,/V4,;�z� #(+. ,pYx,;!AQJ�f�-,;2{(4%/%O64.'2)!$�1QJ5AK4E�nW?	6G2)!$�"%/(+� !A6J�&�-6a� �),-�"�����	��
�U#-6J91.>%O,p%O6G2),p�"(4#lB[,/,;�0!$�f�-. 6r2)9)%O,;2YZ�"!$%>�},;�17y64.'%O,;#�� �),g(+B"#-6J5I91�-,gw�+�V+(45$91,g647lbc(�_-64.>(4�)(&*"(+. � !I%/5A,;#/qf# ,/,a21,/� (4!I5$#�!I�tng*)*dE � E�tG� 9"2)!A,;#. ,/V4,;(45&�µ#-,/,gtr,;%+E

�
EvuGE$H+q �k!$Q1E

�
E32 � qJ� �"(+�j#>(4?@*"5A,;#lQ4,;�1,/.>(+�-,;20YZ!$� �\� �1,p?@6r2)!A�),;2.�"���#�	��
/�	V4,/.>#>!A6J�2)!AºD,/.^�164�g# !AQJ�)!A��%/(4�z� 5AK}7y. 6J?�# (4?@*"5A,;#;q1YZ�1,/. ,�� �1,M(±º[,;%O�-,;2=,/V4,;�z� #gY�,/.>,M. ,;?@6�V4,;2FE

na5$5k. ,;#-6J�)(4�f� � # 5A,/*"�-6J� � # (4?@*"5$,;#�Y�,/.>,@�1mG,;2�(+7n�-,/.\� �),@Q4,;�1,/.>(+� !A6J��*". 6G%O,;#>#M(4#M21,;# %O.'!AB[,;2N(+B[6�V4,4qYZ�"!$5A,�(45$5z*"(4!A. � (4�)2\(4# # 6G%/!$(+�-,;2 � QJ(491QJ!$�16 � # (4?	*"5A,;#kY�,/.>,�Q4,;�1,/.'(+�-,;2&Yg!A� �M� �1,x%O64. . ,;%O�-,;20�"�����	��
�V4,/.>#>!A6J�FE

��� ����� 1��
0% �� '32('%���?' ��"%'!'!� 1 �!��"\.�
np�@�)(421.>6J�¨%O6J5$5$!I21,/.>#M� �),3!$�"!A� !$(45s*"(+.>�-6J�)#&%/(4�<,;?	!$�&*"�)64�-6J�)#\64.0QJ5$9)6J�)#/qk� �)!$#{!$#&%/(45I5A,;2P!I�)!A� !$(45#-� (+�-,\.>(42)!$(+� !A6J���nw t � � E �Z(42)!I(+� !A6J�:,;?	!A�-�-,;2h7n. 6J?�� �),��"�)(45F#-� (+�-,M*�(+. � !$%/5A,;#8!$#Z%/(45$5A,;2:�"�)(45F# � (+�-,.>(42"!$(+� !A6J��� ��t � � E � 64� �dq)w-t � (4�)2 ��t �\q"%/(4�i5A,;(42h�-6U(42)2)!A� !A6J�"(45�*��164�-6J�)#864.j_-,/� #^7n6J9)�)2h!I�:� �1,21,/�-,;%O�-64.�E\]^�1,0!$�)!A� !I(45d*"(+. �-6J�"#a%/(4� ;-(42±_ 9)#-�@=3� �1,;!$.aer!$�1,/� !I%M,;�1,/. Q4K=BfKcw-t �\qD# 6U� �)(+��� �1,@%O. 6J#>#

108



4.3. Monte Carlo Simulation
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Chapter 4: Data Samples

 mass [GeV]*γZ/
0 200 400 600 800 1000

)* γ
(Z

/
σ

N
N

L
O

 k
-f

ac
to

r 
o

n
 

1

1.1

1.2

1.3

1.4

1.5

1.6

��������� �qS � S �����������4a�<�@B&�.%(B# <>(+# .��"!,$�2 4 6[H1#%(�2�01&).%78(+* &)#�(B,�, ,:!'&�.%78(+*
	 !F]�d 	 !'g+Y�� J

��� ��� � 
 $#���b�
�,�
� � .\�b� '!�21 �!��"\.�
np�@(N# !$�1QJ5A,UB"9)�)%'�P%O.>6J# # !$�1QN?@64. ,3� �1,;�<6J�1,:!$�z�-,/.'(4%O� !A6J�·?	(;KP6G%/%/91.�EN]^�),U*).>64B"(+B"!$5$!$�LKN647�?	!I�)!$?{9)? B�!$(4#8,/V4,;�f� # � (+�^6J�1,\B"9)�)%'�h%O. 6J# # !$�)Q	!$#pQJ!AV4,;�hBGK:� �1,

j
6J!$# #-6J�h*". 64B"(+B"!$5I!A�LK

� �� � < $
P
�� 


©�� � 21E32 �YZ!$� � $ B[,;!$�)Q^� �1,x,OmG*[,;%O� (+� !A6J�{V+(45$91,4El]Z�)!$#|�G9)?&B[,/.l21,/*[,;�)2)#|6J�\� �),x!$�"#-� (4�z� (4�),/6J9)#l5I9)?	!$�16J#>!A�LK4qB"9)�F7y64.lbc6J�f�-,6�p(+.>5$6^# !$?{9)5$(+� !A6J��(^# !I�1QJ5A,jV±(45I91,s7y64. $ %/(4��B[,s,OmG�-.'(4%O�-,;2\7n. 6J? (�V4,/.>(+QJ!$�1Qg6�V4,/.k� �1,%O6J?@*�5A,/�-,^2)(+� (M# (4?	*"5A,4Ekw ���j!AQ1E 21Ev�.�µ( � � �1,^�G9)?\B[,/.j647[!$�z�-,/.'(4%O� !A6J�)#s*[,/.sB"9)�"%>�@%O. 6J# #>!$�1Q�7y64.C� �1,%O6J�)#>!$21,/. ,;2N.>9)�f� !$?@,0!$#�# �)6�YZ�FE{]^�1,@(;V4,/.'(+Q4,U!$�)# � (4�z� (4�1,/6J9"#�5$9)?	!$�)6J# !A�LKi!I#�u4� � H/� � H@%/? © �O# ©Fª(4�)2i� �1,M(;V4,/.>(+Q4,0�G9)?\B[,/.8647s?	!$�"!$?&9"? B"!I(4#^!$�f�-,/.>(4%O� !A6J�)#^!I#p,;Rf9)(45d�-6}�
�
�+�GE

�164.=(45$5�bi6J�f�-, �p(+.>5$6<# (4?	*"5A,;#h91� !$5I!AX/,;2�!I��� �"!$#:(4�)(45AKr# !$#:(42)2)!A� !$6J�)(45g?}!$�)!$?{9)? B�!$(4#:,/V4,;�z� #(4%/%O64.>2"!$�1Q��-6�� �1,h*[6J!$#>#-6J�·*). 64B"(+B�!$5$!A�SK�YZ!A� ��(4�T(�V4,/.>(+Q4,=647 $ < �
�
�Gqx# ,/, �j!AQ1E 21Ev�.�nB � qpYx,/. ,(42)2),;2i�-6:(4%/%O6J9)�z�a7n64.g� �1,{(42)2)!A� !$6J�)(45d!$�f�-,/.>(4%O� !A6J�)#a!$�c� �1,&2)(+� (rEg]^�1,\*". 64B"(+B"!$5I!A�LKU647�?&9)5$� !A*"5A,!$�f�-,/.>(4%O� !A6J�"#^!$#89)#-,;2i7y64.^� �),\5$9)?	!I�16J# !A�SK}?@,;(4# 91.>,;?@,;�z�/q�(4#8Yx(4#g?@,;�f� !A6J�1,;2i!$�ctr,;%+E��GEv�GEvuGE

number of underlying events
0 1 2 3 4 5

p
ro

b
ab

ili
ty

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

=0.8µ  for  n!
µ- enµP(n) = 

��������� ��S � �l� �@��aVXKB!F#C@QEB!$*�0"6Ij-!A#a(Q<T78*9.%!F#C@+&).%78(+*1,aH-!A#�j"0"*-&C� &)#�(B,�,:78*"E  <>#�(+6�	 !ngQb�� �_@+*12 >j��_.%�"!
��(B78,�,:(B*aH"#�(+j1@+j"783575./;a(Q<�0"*12"!F#�35;�78*"E?!FK+!A*9.�,\<>(+#X@+* @nKB!F#C@QEB!�(���Z"f �"J
� ��®T���B��®R�9®��B�5�F�x���n�C�O�c���x� �'®T�\���F� �/���C���N���O�/���:�A�%�/���A�?�����A�9���B�9�9�:�¥���/�'� � ���B���9�/�9�F�x���N§ �A� �^�'�9���U���!�n�"�����C��������F� �P�F�$#��'�O�/��%��)�/���¥� ��®R�B���F�/���'�B�:¨�� �/���A�'���/���&�Q�¥�/�B� ���9®T���9�A� �����I�B���/�C�%�/�A�/�C¯

110



4.3. Monte Carlo Simulation
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Chapter 4: Data Samples

y=
1 (

HERA √s=
32

0 G
eV

)

x

Q
2  (

G
eV

2 )

E665, SLAC

CCFR, NMC, BCDMS,

Fixed Target Experiments:

D0  Inclusive jets η<3

CDF/D0   Inclusive jets η<0.7

ZEUS

H1

10
-1

1

10

10 2

10 3

10 4

10 5

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

10
-4

10
-3

10
-2

10
-1

x

xf
(x

,Q
2 )

H1 PDF 2000H1
ZEUS-S PDFZEUS-S PDF
CTEQ6.1CTEQ6.1

Q2=10 GeV2

xuV

xdV

xg(×0.05)

xS(×0.05)

�µ( � �nB �
��������� �iS ���l� � �"!?S�78*"!F6_@O.�78&�H"3G@Q*1!I78*��������?&F(OK+!F#�!A2 j9; KO@+#%78(+01,[! ��H�!F#�756?!A*B.C, �@��[@+*12 .��"!?H1@Q#%.%(B*@+*12�EB3501(+* 2�78,:.%#�78j"0�.%78(+*$<>0"*-&�.%78(+*-,X@+, 6?!A@B,:01#%!'2�j�;_.��"!	��
�XV ! ��H�!F#�756?!F*9.C, >j�� 	 !'gBg 	 !'g+e � J
647sRG9)(+. e:(4�)2hQJ5$916J�c21,;�)# !A� !$,;#8!$#pQJ!AV4,;�iBGKh2)!»º[,/. ,;�f� !$(45[,;Rf9"(+� !A6J�)#/EC]Z�1,�+@o�¹%n

j
�,+a64er# �)!A�-X/,/.�q

oa.'!AB[6�VDq)¹|!A*"(+�-6�V�q na5A� (+. ,;5I5$!¶q
j
(+.>!$# ! � �»H;���1q|H;���rqdH;��� � ,;RG9)(+� !A6J�"#^21,;# %O.>!$BD,�� �1,\,/V46J5$91� !A6J�i!I� ) � -�� 5$� ) �

� � � �� �*) � ���� �� �*) � ��� < � M � ) � �u�� � �
� ª� ���� � � !�� !�� � � � � � !���!�� � � � �� ! � !�� � � � � � ! � ! � � � � ��� � � � � � �*) � ���� � � �*) � ��� �

� 21E � �
YZ�),/. ,M� �1, � � �� �*) � � (4�)2 � � �� �*) � � (+. ,M� �1,&*"(+. �-6J�c2),;�)# !A�SKU7µ9)�)%O� !A6J�"#87y64.aRf9"(+. eG#g(4�)2hQJ5$9)6J�)#(4�)2=� �1,{�-,/.>?	# � �! QJ!$V4,{� �),&*).>64B"(+B"!$5$!$�LK3�-6U64B"# ,/. V4,@(}*"(+.>�-6J�cYZ!$� �=(3?@6J?@,;�f� 9)? 7y.'(4%O� !A6J�4�� �)(+�Z64.>!AQJ!$�)(+�-,;#^7y. 6J?�(4�164� �1,/.^*"(+.>�-6J�mfaYZ!A� �h?@6J?	,;�z� 9)? 7y.>(4%O� !$6J� � E
�164.C� �1,^# !$?{9)5$(+� !A6J�&647[# !AQJ�)(45r(4�)20B"(4%>efQ4.>6J9)�)2	bc6J�z�-,��8(+.>5A6�,/V4,;�z� #�!$�{� �)!$#j(4�)(45AKr# !$#;q4� �1,

j
+ � ��)� #x*).>6�Vr!$21,;2UBfK	� �),��8] !x` %O6J5$5$(+B[64.>(+� !A6J� � 21�rq)�+� � Yx,/. ,�9)#-,;2FEs]^�1,�#-Kr#-�-,;?	(+� !$%�9)�"%O,/. � (4!$�f� !A,;#�-6�� �1,h(4�)(45AKr# !$#02)9),U�-6�� �1,

j
+ �o�)� #{Yx,/. ,i%/(45$%/9)5$(+�-,;2·9)#>!$�1Q·H ��V+(+.>!$(+� !$6J�)#{647Z� �1,"�p] !p`

�*"(+.>�-6J�i2)!$#-�-.'!AB"91� !A6J�U7µ9)�)%O� !A6J�)#a�»H 2 � � q"(4#^YZ!I5$5"B[,M2)!I# %/9)# #-,;2h!I�h21,/� (4!$5F!$�ctG,;%+E
�
EvuGEv�GE

112



� �������	��
 �

 ��� ��� � ��� ��� ����� � � �������

t1!$?&9"5$(+�-,;2\2)(+� (�?{9)#-�kB[,x!$�&(+Q4. ,/,;?@,;�f�sYZ!A� �&� �1,x. ,;%O64.>21,;202)(+� (rqJ�-6�*).>6�V4,pQ46f6r209)�)21,/.'#-� (4�)2)!$�)Q647�� �1,8!$�fV46J5AV4,;2}tG� (4�)2)(+.'20bc6r21,;5r*). 6r%O,;# #-,;#j(4�)20647�� �1,^21,/�-,;%O�-64.;E�]^�),x21,/�-,;%O�-64.x9)�)21,/.'#-� (4�)2)!$�)Q!I#UQ4.>6�YZ!$�)Q<Yg!A� �W� !I?@,4qgB�91�3!$�:!I#UV4,/.>K�2)! � %/9)5A�}�-6�e4,/,/* (45$5�bi6J�f�-, �p(+.>5A6�# (4?	*"5A,;#36J��� �1,#>(4?@,	5A,/V4,;5¶E0¸Z,;�"%O,4qd� �1,	21,/�-,/.>?}!$�)(+� !A6J�N647xe4,/KN, � %/!A,;�)%/!A,;#�# 9"%>��(4#�� �1,0�-.>!$Q4Q4,/.M64.M� �1,@?{916J�.>,;%O6J�)#-�-.>9)%O� !$6J�h, � %/!A,;�)%OK4q"7y64.^B[64� �i#>!$?&9"5$(+�-,;2h(4�)2h. ,;%O64.'21,;2i2)(+� (rq"!I#p,;# #-,;�f� !$(45¶E
]Z�1,\5A6�Y�,/.a� �1,&2"!»ºD,/.>,;�)%O,\B[,/�LYx,/,;�N2)(+� (}, � %/!A,;�)%OKh(4�)2�bi6J�f�-,	�8(+.>5A6	, � %/!$,;�)%OKh� �1,\B[,/�-�-,/.�!$#� �),02"(+� (h# !$?{9)5$(+� !A6J�FE&¸g!AQJ�),/.�, � %/!A,;�)%/!A,;#�� �),;?	#-,;5AV4,;#�. ,;#>9)5A��!$��(3BD,/�-�-,/.&2)!$# %O6�V4,/. K=*[64�-,;�f� !$(4564.�(:#-�-. 6J�)Q4,/.�#>!AQJ�)(45k5$!$?	!A�/Egw �N7µ(4%O�/qd(45$5k#-,;5A,;%O� !A6J�N64.M(4%/%O,/*)� (4�)%O,@, � %/!A,;�)%/!A,;#a,;�f�-,/.�� �1,{#>!AQJ�)(45, � %/!A,;�)%OKi5$!$�),;(+.>5AK4E �164.�� �1,\B[,;#-�a5$!$?	!$�/q)� �1,/Ki(+. ,&� �1,/. ,/7n64. ,{(4#a!$?@*[64. � (4�f�g(4#g7n64.g,Om1(4?@*"5A,&� �1,5I9)?	!$�16J#>!A�LK4E

� �>� � �0��� �
nTYZ!$21,;5AK�9)# ,;2&?@,/� �)6G2&�-6g,;# � !$?	(+�-,8?&9)6J�\. ,;5I(+�-,;2&, � %/!A,;�)%/!A,;#j!$#|� �1, ;�� (+QM(4�"2\*).>64BD,>=g?@,/� �16r2FE
��Br_�,;%O� #g(+. ,}³�6"!#!f¢>¡MBGKUV4,/.>Kh� !AQJ�z�g#-,;5A,;%O� !A6J�=%/91� #^9)�)2),/.^� �1,\%O6J�)# �-.>(4!$�f�^� �)(+�Z(45$5|%/91� #Z(+. , ;�64. �� �)64Q46J�)(45 =&�-6&� �1,a%/91�x7y64.xYZ�)!$%'�	� �1,g, � %/!A,;�)%OK	!I#�21,/�-,/.'?	!$�1,;2FEj]^�1,g� !AQJ�f� 5AK@#-,;5A,;%O�-,;2364.�� (+Q4Q4,;2#>(4?@*"5A,}!I#M� �1,;�%$�§-¬'&>¢>¡37y64.{� �1,U(+�-�-.'!AB"91�-,3!$�¨RG91,;#-� !A6J�dEi]^�1,U%O64.>. ,;#-*[6J�)2)!$�)Qh, � %/!A,;�)%OK�!$#\� �1,*[,/.>%O,;�f� (+Q4,�647d# 9)%/%O,;# # 7n9)5I5AK0*). 64B[,;2	,/V4,;�f� #p�-6{(45I5)� (+Q4Q4,;2h,/V4,;�f� #/E 5 ,;5$5�er�16�YZ�U. ,;#-6J�"(4�)%O,;#/q15$!Ae4,� �),�6 � B[6J#-6J�Fq|(+.>,}9)#-,;2�7n64.M� �)!I#�eG!I�)2�647x# � 9)2)!A,;#/ql2)91,@�-6c� �),;!A.M%/5A,;(+.&#>!AQJ�)(+� 91. ,4E �x6J�z� (4?}!$�)( �� !$6J�=Yg!A� �NB"(4% eGQ4. 6J9)�)2N*).>6G%O,;# # ,;#�%/(4��BD,0%O6J�f�-. 6J5$5A,;2�(4�)2�(3*[6J# # !AB�5A,\# !AQJ�"(45k%O6J�f� (4?	!$�"(+� !A6J��!$#�),/QJ5$!AQJ!AB"5$,4E+na5$5[, � %/!A,;�"%/!A,;#^(+. ,\2),/�-,/.>?	!$�1,;2h# ,/*"(+.>(+�-,;5AK37y64.a2)(+� (	(4�)2ibc6J�f�-, �p(+.>5$61E
]Z�1,}bi6J�f�-, �p(+.>5A6c%O64.>. ,;%O� !A6J��7µ(4%O�-64.0!$#M� �1,}.>(+� !A6i647 +�(+� (c(4�"2Pbc6J�z�-, �p(+.>5A6h, � %/!A,;�)%OK4qs(4�)2?}(;K}21,/*[,;�)2}6J��u�q s|qB�{�=64.p64� �1,/.pV±(+.'!$(+B"5A,;#�5$!Ae4,Z� �),gV4,/. �-,Om364.�� �),a!$�"#-� (4�z� (4�),/6J9)#p5$9)?	!$�)6J# !A�LK4E]Z�1,&,/.>. 64.�647C� �1,@, � %/!A,;�)%OKc.'(+� !A6h216f,;#��)64�a6J�"5AKc�)(�V4,	�-6i!$�)%/5$9"21,\� �1, �µ#-� (+� !I#-� !$%/(45¶qFB"!I�16J?	!$(45 �,/.>. 64.>#0647ZB[64� �·, � %/!$,;�)%/!A,;#/q�B"91�@(45$#-6�� �1,i#-Kr#-�-,;?	(+� !I%h9)�)%O,/. � (4!$�f� !A,;#/E·]^�1,h9)�"%O,/. � (4!$�f� !A,;#@(+. ,�),/. ,M21,/�"�1,;2c(4#^� �1,M21,/Vr!$(+� !A6J�c!$�h#-6J?@,{!$�z�-,/.>V±(45 �)( u

�
(4s
�
(��l� � 7y.>6J? (@�)�8�-6U� �1,M2)(+� (}#>(4?@*"5A,9"# !$�1Q}(4��(+*)*". 64*).>!$(+�-,\7n9)�"%O� !A6J� � ��u � s � �l� � E�]^�1,&,;#-� !$?	(+� !A6J�=647�� �1,;# ,{9)�"%O,/. � (4!$�f� !A,;#g!I#gRG9)!A�-,2"! � %/9)5A�/qd#>!$�)%O,@� �1,/K�21,/*[,;�)2�6J�¨� �1,	B"!$� � YZ!$21� �FE@¸g6�Yx,/V4,/.;qj� �1,}?	(±m1!$?	(45C21,/VG!I(+� !A6J��B[,/�LYx,/,;�

113



Chapter 5: Object Identification
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5.1. Muons
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5.1. Muons
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5.1. Muons
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Chapter 5: Object Identification
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5.1. Muons
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Chapter 5: Object Identification
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5.1. Muons
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Chapter 5: Object Identification
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5.1. Muons
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5.1. Muons
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Chapter 5: Object Identification
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Chapter 6: Data Analysis
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6.2. Search for Resonant Slepton Production
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6.2. Search for Resonant Slepton Production
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Chapter 6: Data Analysis

"4|O} � uxw�s � � �C�O~ u z $ u � � }�� s } � �	� 6
� ����' $ � ����'�& ; �

� ����'�& ; � [ � � ;6, @ '6%�D.
&
)
 � ,po�� �

"4|O}��O~%� � �O��z 	 ����' 0 � ����' u � ����} � z�� �%���G~%} z%|=}R�	�=z
��o8"4| u � u � } � � u � � � } s z z�� z%|=} ���Oz u��{u�, ��z u � s � �
� ����'D& ; � ;�� � � ;�, @/'6%�D.�&<) o�" ��:G}	}�� z%|=} s � � }	~ u ��� � � � � �=} � � � 	 ����' |�� sO� $�� z%|=} � urw�s � � }H` � u } s � $ u �~%} � }�� s } � z�� �4~%} � ��z u �G} � uxw�s � � }H` � u } s � $ u u z%| ~%} � � }���z�z�� z%|=} � �	��z ��} � }���z u � s���u o }Go � ' � & � % ; � � )B����'�& ; �urs � � oc� ,po�K � u ��~%}�� � �G��} � u u z%|�z%|O} s � � � }	~4� � � uxw�s � � }��G} s z
� z%|���z8u*}	~�} �O~%} ��} s z u s z%|=} �
� � � � }
 ����z � } � �G~%} z%|=} �	�=zLu �	� �/��� � u } � o�C � z%|=} s }�u �%���G~%} 	 ����' 0 � ����' u � � ��~ w }	~ z%|�� s � s � � � �%���G~%} � �G~z%| u �4�	�=z � z%|O} s z%|=} s }�u ��}	z�� � ���Oz u��{uA, } � � ��~�� � }	z�}	~�� ��� u � �����G} � on"4|=}����Oz u��{uA, } � �	�=z
��� � urs=wz%|=}�� ��~�� � }	z�}	~���u | u �;| � } � z�� z%|=} � ��~ w } ��z �%���G~%} � ��~%}�z%|O} s �/��� � u } � � s z%|=} z�} �%z �
� � � � } �Oux� z%|=}
�%���G~�}gu �	� � ��~ w }	~*z%|�� s ~  K � �G~Ez%|=} � uxw�s � � }H` � u } s � $ � ��~ w }	~Ez%|�� s ~  . o`"4| u � � ��~%~ u }	~9�O~�}��G} s z
�Ez%|=}
��} � }���z u � s � � � � � ��� A �O��z%����z u � s � � }Go w o � �	�=z�u�| u ��| ��} � }���z
��� s � $ �G}	~ $�� }�u � uxw�s � � }��G} s z
� urs z%|=}z�~�� u sOurs=w �
� � � � }nu u �h� ~%} �%� � z u s � $ q � sO� � s � s ��� sOu �%| u s=w � uxw�s � � }H`.� u } s � $�� |=��u }��G}	~ 	 ����' 0 � ����'urs z%|O} z�} ��z �
� � � � }#u*��� � � � } � �O�;|tu �G~���}Go
� Y��
Z�VOQMS�WUac���+XEQ�^�^�VOY����bac^�Z�V��
��Z0WU�ba
"4|O} � � }��Oz�� s � sC� s }��=z�~�� � urs � � �	�
��} � ��~�}�~%}���� s ��z�~��O��z�} ��urs �Oufe }	~%} s z`u � $ � � �G~�z%|O}�z%|=~�}	} � urw�s � ��;|�� sOs } � �4z�� �G�	����� s z � �G~4z%|=} �Oufe }	~%} s z � uxw�s � � �;|�� sOs } � � }���� $ z���� � � � w�u } �	o
�T| � sOs } � � u � �� r �D f ! � 6 "4|O} � � }��Cz�� s�� �	�
� u ��~%}���� s �%z�~��O��z�} � u u z%|�z%|=}Rz2u*� � } � �Ou s=w  }	z
� � sO�

� �Gz%| � �=� s �	o "4|=} s }��=z�~�� � urs � � �	��� u � ~%}���� s ��z�~��O��z�} � u u z%| � �Gz%|  }	z
� � sO� z%|=} s }lk�z N z�� N
� } � �Ours=wI� �O� s oi"4|O} � } � �Ou s=w�� �=� s �G~ uxw�urs ��z�} � urs z%| u � ��|�� sOs } � u u z%|X| uxw |E�O~%� � � � u � u z $� ~%� � z%|=} � � �=� s�� }���� $ �G}	~%z�}lk|{

�T| � sOs } � � uru � �� r �D f( ;�� � ; ��� � � sO� �;|�� sOs } � � ururu � �� � r �D � ! ;�� ( � � 6 C � � s � $ z2u*�  }	z
� ��~%} � ��� sO��� z%|O} sz%|=} � � �0�G} � }	z%|=� ��u �T����} � z�� ~%}���� s �%z�~��O��zTz%|=} � � }��Oz�� s � sO��s }��=z�~�� � urs � � �	�
��o � �0u*}��G}	~ �� �G~%}  }	z
� � ~�� � |�� � ~%� sOu � � }���� $ �*� � �G}���z��G~ � � ��� s � � ~%� � z%|O} w �G� w�u s �R���	�%��� � }�z�� �D f ! ��� s� }p�O~%} ��} s z	o ] � u�� � � } � u :G} � u |O� � �u ����� � �	� � ��z�} � � �G~�} �G�;| ��� � � u s ��z u � s z��.~%}���� s ��z�~��O��z �
�G}���z��G~ NB� � ��� s � sC� z%|=} s }��=z�~ � � urs � � �	�
��� � z%|=}��n� u s z0� sO� }	~ ��z%� � $ o9"4|=} s }��=z�~�� � urs � � �	���� � z%|=} ��� � � urs ��z u � s u u z%| z%|=} � � � ��� } ��z � }�� u ��z u � s � ~%� � z%|O} s � �{urs � � � �	��� u ������} � o�"4|=}
� � }��Oz�� st� �	�
� u �T~%}���� s ��z�~��O��z�} �A� ~%� � � ��� � ��� sO�  }	z
� � sO� z%|=} z2u*� � } � �OursOw6� �=� s ��o

P��
Z
	LQ�V0QbX Y[Z�Y�VOW���Q ZOW �|a
C s z%|=} � � �h� ��u u s=w z%|=} � � s ��z u � s � ����} � z���� ��~ � � }	z�~ uA, } z%|O}RK � �	�Oz
� urs z%|=} � u k �OuAe }	~%} s zg� � � s } �
��~%} w�u �G} s oE"4|=} � ~%}	} � ��~�� � }	z�}	~�� � � ��~%} �%��� sCs } � � sO� z%|=} ��}	z � � ��� w�u � urs=w z%|=} � } �%z � urw�s � �}H` � u } s � $ F �C�=~ u z $ �  ��%���G~%}#" � 	 ����' 0 � ����' � �G~ � � � }�� u �C���	�=z u ������} � u |=} s �/��� � $pu s=w z%|=} ��} � }���z u � s� s z%|O} � ��z
��o

156



6.2. Search for Resonant Slepton Production

q�o%�T�=z urs z%|=} � � }��Oz�� s�� �	���	� s }��=z�~ � � urs � � �	�
�g� � � s }"4|=} � }	z
� u � ��� � z%|=} � � }��Oz�� s � �	���B� � �:; � i ; 4 & 8��2; 4 & 8 i � sO� s }��=z�~�� � urs � � �	��� � � i ; 4 & 8��6; 4 & 8 i ~%} N��� s ��z�~��C��z u � s� }�� } sO� � s z%|O} ��z%� �Ou } � � uxw�s � � ��| � sOs } � �	� � } �%��~ u � } � � � ���G}Go
"4|=} �	�=z u � � s } �h� u �Oz u ��� � � � s ��z u � s�� � �h� }��G} s z
� urs z%|O} ���=z
� ur� } � � z%|=}�} ��� u � �%} ��~�} ~%}  }���z�} � o"6� � ��~�� � }	z�~ uA, }Tz%|=} � � s ��z u � s��/� � �� � � sC�R� � �D f ! � u | u �;| ��~%} w�u �G} s � $ z%|=} � uxw�s � � ��� � � � } �G~554 576 � � urs z4� sO� }	~ ��z%� � $�� � sO��� ���=~ � �O�Ou z u � s � � � ~�}	} � ��~�� � }	z�}	~ � � ! � � ( � � � � � � ��~%}R����} � o
"4|=} � ~%}	} � ��~�� � }	z�}	~�� ��~%}R��� s ��z�~�� urs z�z�� z%|O} urs z�}	~}� � � � � $ * ~   q . � �G~ � ��� �	�=z
�	o

� � � s } 6 l $ � � � ; � i ; 4 &98 � ; 4 &98 i ; T }�� �
� $ � � i ; 4 & 8��2; 4 & 8 i ; T }�� � ,po � �

�	�=zn� ��~�� � o 6 q $ ; l C K
0 � ! 0 ���

�
; T }��

~  K
0 � � 0 � �

�
; T }�� > ( [

�
����� 0 � ( 0 � ��	� � ; T�
 �� ~ 0 � � � ( � ,��� �

���������	�������	��� 
 � � ! � ( � � � � 	 ����' � ����' �����	� 

� � � �� r �D"! ! � ~# �%$ ~# � ~ ~# �#& ~# �	' ~#��	' ~#�� � ~#�'#&� �(� � �� r �D !( ;���� ; ��� � ~# �/~ ~# $ � ~# , $ ~#�'	� ~# �	' ~# ~ � ~# ~ $
� �(�)� � ���� r �D � ! ;�� ( � � ~# $ � ~#��	' ~# � � ~# � � ~# $ � ~#(&�� ~#(&*'
�&� ��� �,+�� �A��� ���0��� 
��
��0� ���+)?�!�� ���
H&( �� � ��� � &( ��5� � 
;��
&(
��!
��+�
;�!$%���+����  �$��.���

� %�.-0/1���2/�� 

�����	� �3� ��-546�	7"/�� 
 /8���	���89 
 � � 
;: �=<>4?-0���24���4 
 �@/
�A ��� �;�B-0/?� �C��� 
 < : �)4 
 ��������� �	�ED5-0/?��/F� �;�	G�/��(4H�(I 
*: �(�J/�� 


�
�	4 
 u � $ �	� �	�(�K�	/�� 
 �?L5���	��B-0/
�M-��N�(�0�O��� 
 7P� 
B
 G �3� �	4 
 / 
 � � ! 
 QG5� �	� 


" 6 R $ � ��� � � ! � [ ��� � � ( � � ; T�
 � � ,� , ��B-0/1G �3���	4 
 /8����I �3/������ 6 R � � ! 0 &�~�~ � ,� $ �
������� �	���N���	��� 
 � � ! 	 ����' � ����' �����	� 


� � � �� r �D ! ! � ~# �/~ ~# �#& ~# , � ~#�� �� �(� � �� r �D"!( ;�� � ; ��� � ~# �%$ ~# � $ ~# ~ � ~# ~ �
� �(�(� � �� � r �D � ! ;�� ( � � ~# �%$ ~# � � ~# � ' ~# � &

�&� ��� �,+��=+���� ���0��� 
��
��0� ���+)?�!�� ���
H&( �� � ��� �/&( ��5� � 
;��
&(
��!
��+�
;�!$%���+����  �$��.���

'�%�.-0/M�(�S/�� 
 �(�@9��3�N� �	�%/ : �=<>4?-0���24 �	�
���H<>4F-����T/8���	����9 
 ��� 
 4���4 
 �@/�-�4 ��-�4UG5� �	� 
A ��� �V�B-0/14 �3W 

�1-�� 
 �	7X/>uV��7Y� 
B
 G �3� �	4 
 / 
 ��� � ! �	� : � ( �	� : � �K���5� $ �3G�G5�)� 
*: 7P�	�1/�� 
 />uV�

���������	�"�N���	�5� 
 � �p� �)� � <+� �(�(� � uZ��/��[���(��� 
 �M� �	-0���(���\4 �	�
�


�B A � 
 �(�%/ 
 �@/������[�	7E/���� �Z�B-0/Z� �]/8�

157



Chapter 6: Data Analysis� 
 4�� 9 
 /�� 
 m �	� D �	��W��	����-�� : u]���)�N� �	�B�B-�4?-�� �3/ 
 �V�(��/�� 
 ���0u ��-�4 �	7 4?-0��� ��� �	� : /�� 
����u �)�@9��3�N� �	�%/ : �=<>4?-0���24 �	�
�M� 
 ��������G5� �	� 
 6 R $ � � � ; � � ; T�
 � �
� $ � ��� � � ! � [ ��� � � ( � � ; T 
 � � ,� � ��B-0/MG �3� �	4 
 /8�N��I �3/������ 6 � � R � $ � ~�~ 0 � ! � �

0 � ( 0 R � ,� � �
���������	�������	��� 
 � � ! � ( 	 ����' � ����' �����	� 


� �(� � �� r �D !( ;�� � ; ��� � ~#�' � ~# ~�' ~# � � ~# ~ � ~# ~ �
� �(�)� � ���� r �D � ! ;�� ( � � ~# � � ~# ~ � ~# � � ~# � ' ~# � &

�&��� � �\+����A�	� ���0��� 
��
��0� ���+)?�!�� ���
H&( �� � ������&( ��5� � 
;��
&(
���
��4�
;�8$����4����  �$���� �

�  �1-0/M�(�S/�� 
 �)�@9��3�N� �	�%/ : �=<�� 
 /M4 �	�
�	���

 /M/8���	� �89 
 ��� 
 4H��4 
 �@/�-54 ��-�46G � �	� 
A ��� ���B-0/cu]���(���C4 �3W 


� -�� 
 �	7#/2u �Z7Y� 
B
 G �3���	4 
 / 
 � � � ! �	� : � ( � � �3D � 
 /8� �

 G �3���3/ 
 %
	 �Z� 
 �(�=<

6 �	� 
 9 
 �%/
�]7P����4 ���(�����	� 
 9 
 �%/
��u]�(/��2�������2� 
 -0/8� �	�(�(�0��4 �	�
�


��� ���(�5� 
 /�� 


�

 /
� �8/ 
 4H4,�(�0�7Y����4 /�� 
 � 
 -0/8���	�(�(��� :0
 ��� $ / 
 � : /8�����*9 
 ���3� :0
 �F/8���	���89 
 � � 
 4���4 
 �@/�-�4 �8G 
 ��/8��� �	� :�(�@9��3�N� �	�%/ : �=<�� 
 / 4 �	�
�



�K�(������4�G �3�N� �8���O/8� /�� 
 �(�5��/�� �	�%�	� L5���	���8/
�3/ 
 G �3��/8��� ���0�0u 
 � � 7P����4

%	 = ?  G5� �	� 
 6 R $ � 4 & 8��2; 4 & 8 � ; T�
 � �
� $ � ��� ����� 
 ! � [ ��� ����� 
 ( � � ; T�
 � � ,�(&�~ ��B-0/]G �3���	4 
 /8�N�(I �3/������ 6 � � R � $ � � ~ 0 � ! � � ' 0 � ( 0 R � ,�(&	& �

���������	�������	��� 
 � � ! � ( 	 ����' � ����' �����	� 

� �(� � �� r �D !( ;�� � ; ��� � ~#�'/~ ~# � ~ ~# �/~ ~#(&*' ~#(& �� �(�)� � �� � r �D � ! ;�� ( � � ~# � & ~# �/~ ~# �	' ~#�'#& ~# � �

�&��� � �\+��<���	� ���0��� 
��
��0� ���+)?�!�� ���
H&( �� � �����*&( ��5� � 
;��
&(
���
��4�
;�8$����4����  �$���� �

158



6.2. Search for Resonant Slepton Production��%�.-0/M�(�S/�� 
 �(�@9��3�N� �	�%/ : �=<>4?-0���24 �	�
�����

 /]/8���	���89 
 ��� 
 4���4 
 �%/�-�4 ��-546G5� �	� 
A ��� �F�B-0/Ru]���(��� -�� 
 �;7P��-0�O7Y� 
B
 G �3� �	4 
 / 
 ��� � ! /�������-0��� � � � �?�(�%/ 
 � :0
*: /8� � 
 4�� 9 
 yM<
 9 
 �@/
���(�S/�� 
 G 


�3WS� 
 ������� �3����-�� : �#& T 
 � uZ��/��2����u �

 /M4H��4 
 �@/
�#G5� �	� 
 6 R $ � � � ; � � ; T�
 � �

� $ � � � ��� � 
 ! � [ � � ��� � 
 ( � � ; T�
 � � ,�(& � ��B-�/MG �3���	4 
 /8����I �3/������ 6 � ! � R � $ � ~�~ 0 � ! �J� 0 � ( 0 R � ,�(&*' �
� ( � R � $ &-,/~

0 � � � ~  &��
0 � � 0 � R � �#& � ( � ,�(& � �

� � R � $ 4 ���#�(4?-�4t� � ! � R � � � ( � R � � � ,�(&*� �
���������	�������	��� 
 � � ! � ( � � � � 	 ����' � ����' �����	� 


� �(� � �� r �D"!( ;���� ; ��� � ~# � � ~#��#& ~#��	� ~# �%$ ~#��#& ~#�' � ~#(&��
� �(�)� � �� � r �D � ! ;�� ( � � ~#���, ~#���, ~#�� � ~# � � ~# ,	� ~# ,�, ~# � '
�&� ��� �,+��<C���� ���0��� 
��
��0� ���+)?�!�� ���
H&( �� � �����/&( ��5� � 
;��
&(
��!
��+�
;�!$%���+����  �$��.���

,�%�.-0/M�(�S/�� 
F: �=<>4?-0���24 �	�
� �
: �=<�� 
 /1�	G 
 �5�(�0� �	�0��� 
 G5� �	� 
A � 
 � �	�8/]�B-0/]- ���(�0��/2u � 7Y� 
B
 G �3���	4 
 / 
 � � � ! � � ( � �M�(�%/ 
 � :0
*: /8�\� 
 4�� 9 
 yM< 
 9 
 �%/
���)�2/�� 
G 


�3W\� 
 ���(��� �3����-�� : �#& T�
 � u]��/��2� �3�N� 
 �	G 
 ���(�0� �	�0��� 
 �]D 
 /2u 
B
 �[D �	/�� �

 /
�BG5� �	� 
 6 R $ � � � ; � � ; T�
 � �

� $ �	Vj��� � 
 ! � � � 
 ( � � ,�(&-, ��B-0/1G �3���	4 
 /8����I �3/������ 6 � � R � $ �
0 � ! [ ~  ~0&

0 � ( 0 � R � �#& � ( � ,�(& $ �
������� �	���N���	��� 
 � � ! � ( 	 ����' � ����' �N���	� 


� �)� � �� r �D !( ;�� � ; ��� � ~#(& � ~# � � ~# � $ ~#(&-, ~#(& �
� �)�(� � �� � r �D � ! ;�� ( � � ~# ~0& ~# $ � ~# $	$ ~#�' � ~# � ,

������� �,+	��������� ���0��� 
��
��0� ���+)?�!�� ���
H&( �� � ���	��&( ��5� � 
;��
&(
���
��4�
;�8$����4����  �$���� �

CQ� ���	� 
 �	7V�N���	�5� 
 � ���
 �D"! ! � ����� $ -0G /8�2/� �[�B-�/
� �3� 
 �3G�G5�)� 
*: �����	4 
 � $ /�� 
 &�� 8 �B-�/ ��� /�� 
� 
 -0/8���	�(�(���H4 �	�
� � ��� 
 G�/8��� 4 �	�
� �@G5� �	� 

�	� : /�� 
 � � F�B-�/]��� /�� 


��-54 �	7K4?-0��� � �  A � 

�

 /��V��B-�/
� �3� 
 ��- `\�B� 
 �@/�� ���(�5� 
 /�� 
 � 
 � 
 9��	�@/�� �	-����(�0��4 �	�
��� �D ! !�� �(� /���� ���N���	��� 
 �M� � �������5��L5���	�%/�� $�)�����@/ 
 �?/����	� �(� /�� 
 �	/�� 
 �?/� � �����	��� 
 � � ���
 �D !( ;���� ; ��� � � �	� :

�� � 
 �D � ! ;�� ( � �  �0�	��/�� 

�
�	4 


�N� 
 G�/8���;4 �	�
���3/�� 
 W#�(� 
 /��)� 
 � 
 ��� $ �	70D �	/��;4?-0����� � ��/�� 
 � 
 7Y�	� 
 �(�C/���� �X�����	��� 
 ��4?-��N�F������� 
 ��� � 
B

� ���0O,� � �  A � 
C
 � 
 ��� $ �(�T/�� 
 ���	����� :0
O:0
 ��� $ �Z�	7 �,� 


� 9 $ � �	-0���)�0�H/8�,/�� 
 �(�����%/ 
 �8/]� 
 -�/8���	�(�(�0�
���D ! ! � : � 


���0�	/O�����%/8�N��D5-0/ 
 /8� /�� 
 4?-0��� 
 � 
 ��� $ � �N�(��� 
 /�� 

�

 � 
 ��/ 
*: 4?-0�����O�(� /���� � �	���	� $ ��� �

159



Chapter 6: Data Analysis�	�N�(���(���3/ 
 7Y����4 
 ��/�� 
 �V/�� 

��� 
 G�/8��� :0
 ��� $ 9 
 ��/ 
 �\�	�.7P����4 /�� 
 :0
 ��� $ �	7X/�� 
 �(�(���@/ 
 �8/.� 
 -0/8� �	�(�(�0�

� �D ! !�� A � 
 �B-0/]�(�S/�� 

��� 
 G�/8���T4 �	�
�	� � 
 -0/8���	�(�(���O4 �	�
�1G5� �	� 
 � �1�	G�/��(4,��I 
*: �	� :

�3G5G5�(� 
*: ���T/�� 
 � � <� � 
 / �
�	4�G5� 
  ] �(� �	/�� 
 �]L5���	���B-0/
� �3� 
 /�� 
 �2�	G�/��(4H�(I 
*: ���T/�� 
 � 
 4 �	�(�5�(�0� ���	4�G5� 
 �	� :
�3G�G �(� 
*:

��-5�B� 
 �
����9 
 � $  �0�	��/��5� �?� 
 �	�8��� /�� 
2:
�3/
� : � �8/8����D5-0/������ � �(� � ���0�,�(& � < ,�(&-, �3� 
 �N�0� �]� 7P�	�O/��V�

�

 � 
 ��/����������#/�� 


�

 � 
 ��/������ �Z� 
 � 
 /�� 
 �B-�/VG �3���	4 
 / 
 ���1��� 9 
 D 
B
 � �	G�/��)4H��I 
*: � � 
 7Y/.�����(-�4,� � � �	� :/�� 


�

 � 
 ��/���������� �]���(���O/�� 
 G5�(�	/ � � �3G�G5�(� 
*: �P�N�����%/ �����(-�4H� �  A � 


�

 /��V� �
�	4HG5� 
 � �3� 
 �	D�9#����-���� $� :�
 �@/��(���	� 7Y�	���B-0/;& �	� � 
 �)� �	�]7P�	�Z�B-�/ �  A � 
 �B-0/
� ���0� � /�� 


�N�������	� �
�	4HG5� 
 � 
 � 
 � �3/ 
*: �3/Z/�� 
� 
 7 
 � 
 ��� 
 G ���)�@/��]��/��24�� �� � $ � ,�� T�
��
� 4 ���D ! ! ��� &���� T 
��

�	� : 4 � �D !( ��	 4 � �D � ! ��� &�
	' T�
�� 
� ���	/8/ 
*: �)� � ���0O,�(& � < ,�(&-,T� �M/�� 
 / 
 �8/ �
�	4�G5� 
 � �]���(� 
 �	�(�X�B-0/
����� 9 
 D 
B
 �T�	G5/��(4H��I 
*: -����(�0�,/�� 
/8���	�)���(�0� ���	4�G5� 
  A � 
� /
�	� :

�3� :�� � :0
 � � ���%/ 
�� �3�N��� �
�	4�G5� 
 ���(�[/�� 

�

 � �]< G ���	/
� ���*9 
 D 
B
 ��0�	��4 �	�(��I 
*: /8� /�� 
 ��� 
�� 
 ��/���9 
 ����� ��� �


 ��/������� �0�	� �,D 
 /8/ 
 � � 
 ����D �(�(��/ $ /�� 

���(�����	� � ���@/ 
�� �3�N���

�
�	4HG5� 
 � � PXOQL �0�	�N4 �	�)��I 
*:  A � 
,:
�3/
� � �F�0�	/ ���0� �Z�J�(�J/�� 
 G5�(�	/
�B A � 
 9��3�N����- �;�B-0/
�?4H�����%/� 9 
 �N� �3G �	� :

�3� 
 �8��4 
 /��(4 

� � 
*: -�� :

�	�@/ �	� : ���	/C�(� :0
 G 
 � :0
 �%/B A ��� ��A 
 �0��D5�(�)��/ $ � � � 
 � 
 �
�
�3� $: - 
 /8�H/�� 
 �]� :�
 4 �	�
� �8G 
 ��/8�N-54U�	7"/�� 

���������	� A $ G �(���	�(� $ �0/�� 
 	

0�� � �  � �	� 	 � �  �HD �3���N� 
 �]� �14 
 /ZD $ �	�(� �B-0/
� � �8�H/�� �3/ �	�(� �B-0/
� �3� 
 �3G�G �(� 
*: �
 �0� 
 G�/17P�	� � 4 � 6 G �3� �	4 
 / 
 �MG ���(�%/
���Z��/��2� 
 -0/8���	�)�(�0�F4 �	�
�


� ��4 �	�(� 
 �./����	� < ��� T 
��

� �Z� 
 � 
/�� 

�N�������	� 
 `,�B� 
 ��� $ � �./8�%� �N4 �	�(� /8�HL5� :

�H4��	� 
 ��/8�N�(�0� 
 �%/ �

 � 
 ��/������ 

��������� �"! �$# � ���
 �D ! !

0 100 200 300 400 500 600
0

50

100

150

200

250

300

350

400

 [GeV]2, jet1, jet2µ, 1µinv. mass of 
0 100 200 300 400 500 600

 [
G

eV
]

2
, j

et
1

, j
et

2µ
in

v.
 m

as
s 

o
f 

0

50

100

150

200

250

300

350

400

20 40 60 80 100 120 140 160 180 200
0

0.5

1

1.5

2

2.5

3

3.5

20 40 60 80 100 120 140 160 180 200
0

0.5

1

1.5

2

2.5

3

3.5

 [GeV]T p2µ+1µ
20 40 60 80 100 120 140 160 180 200

n
u

m
b

er
 o

f 
ev

en
ts

 / 
3.

6 
G

eV

0

0.5

1

1.5

2

2.5

3

3.5

� � � �PD �

Signal (i)

µµ→*γZ/

QCD

tt

Di-boson

ττ→*γZ/

� -0/C& � -�/ �

%'&)(+*-,�.[+0/)1��-2436587:9�;=<?>@;8>BA$C?58DE7FA ��CG<IHJDEKLA � 9�7M7M>B; �� � �� � � �ON�D �MC?5 �P58Q@>SRTHJDUKIC � >VKW>$HJ>BK?>B7:A$> �XDE587YCLZ'5[C �
�]\ ���^  ���E_a`b>Bcd9E7:R �]\ �� � � ^  �S_E_a`b>@c �fe � > �M;8D�Cg\h9U^i< � D�Z�<'C � > ��jkR�5 �g>@7:<?5lDU7:9�;-A ��C �:9�KG9��g>@C?KW5lQB>BRm�n 9�7o>@;8;l5 �:<?>i587aC � >b< � �MDU7 �V9E<W< �g7M> �MC?KG9�;85l7MD �V9E<W< �M;p9�7:>��'\ m ^�e � > � ���bA ��C�DU7VC � >b< ���qD�H�C � > � �MDU7CWKW9E7:<srU>@KG<s>
�gD��g>@7YCW9PZt9E<tD ��C?5 �g5lQB>BR9�HuCW>@KtC � > ��� � A ��Cv\)9U^�Zt9E<t9�� �:;l58>BR��

160



6.2. Search for Resonant Slepton Production

�� �������X! �$#�# � ���
 �D !( ;�� � ; ���

0 100 200 300 400 500 600
0

50

100

150

200

250

300

350

400

, all jets [GeV]2µ, 1µinv. mass of 
0 100 200 300 400 500 600

 [
G

eV
]

2
, j

et
1

, j
et

2µ
in

v.
 m

as
s 

o
f 

0

50

100

150

200

250

300

350

400

20 40 60 80 100 120 140 160 180 200
0

2

4

6

8

10

12

14

16

18

20

22

24

20 40 60 80 100 120 140 160 180 200
0

2

4

6

8

10

12

14

16

18

20

22

24

 [GeV]T p2µ+1µ
20 40 60 80 100 120 140 160 180 200

n
u

m
b

er
 o

f 
ev

en
ts

 / 
3.

6 
G

eV

0

2

4

6

8

10

12

14

16

18

20

22

24

� � � � � < � � 
 / �
�	4HG5� 
 �PD � �
�	4�G5� 
 �37P/ 
 �F&�� 8 �B-0/ �PG ���	/ � �

0 20 40 60 80 100 120 140 160 180
20

40

60

80

100

120

140

160

180

200

inv. di-muon mass [GeV]
0 20 40 60 80 100 120 140 160 180

 [
G

eV
]

T
 p 2µ+ 1µ

20

40

60

80

100

120

140

160

180

200

0 20 40 60 80 100 120 140 160 180
20

40

60

80

100

120

140

160

180

200

inv. di-muon mass [GeV]
0 20 40 60 80 100 120 140 160 180

 [
G

eV
]

T
 p 2µ+ 1µ

20

40

60

80

100

120

140

160

180

200

� � � �
�	4�G5� 
 �37P/ 
 �F& � 8 �B-0/ �PG5�(�	/ � � � : � �
�	4HG5� 
 �37Y/ 
 � � ��;�B-0/ �PG5���	/1D �

0 20 40 60 80 100 120 140 160 180 200
0

20

40

60

80

100

120

140

160

180

200

inv. di-jet mass [GeV]
0 20 40 60 80 100 120 140 160 180 200

 [
G

eV
]

T
 p 2

+j
et

1
je

t

0

20

40

60

80

100

120

140

160

180

200

0 20 40 60 80 100 120 140 160 180 200
0

20

40

60

80

100

120

140

160

180

200

inv. di-jet mass [GeV]
0 20 40 60 80 100 120 140 160 180 200

 [
G

eV
]

T
 p 2

+j
et

1
je

t

0

20

40

60

80

100

120

140

160

180

200

� 
 � �
�	4�G5� 
 �37P/ 
 �F&�� 8 �B-0/ �PG5�(�	/ � � �P7 � �
�	4�G5� 
 �37Y/ 
 � '��  �B-0/ �PG5���	/]� � :
�

Signal (ii)

µµ→*γZ/

QCD

tt

Di-boson

ττ→*γZ/

� -0/C& � -�/ �

� -0/]' � -�/]'

� -0/ � � -�/ �

161



Chapter 6: Data Analysis

0 20 40 60 80 100 120 140 160 180
0

20

40

60

80

100

120

140

160

180

200

inv. di-muon mass [GeV]
0 20 40 60 80 100 120 140 160 180

 [
G

eV
]

T
 p 2

+j
et

1
je

t

0

20

40

60

80

100

120

140

160

180

200

0 20 40 60 80 100 120 140 160 180
0

20

40

60

80

100

120

140

160

180

200

inv. di-muon mass [GeV]
0 20 40 60 80 100 120 140 160 180

 [
G

eV
]

T
 p 2

+j
et

1
je

t

0

20

40

60

80

100

120

140

160

180

200

�P� � �
�	4�G5� 
 �37Y/ 
 �?& � 8 �B-0/ �PG ���	/ � � � � � �
�	4HG5� 
 �37P/ 
 � � 8�� �B-0/ �PG ���	/ 

��7 �

0 20 40 60 80 100 120 140 160 180
0

1

2

3

4

5

6

inv. di-muon mass [GeV]
0 20 40 60 80 100 120 140 160 180

) 2
,je

t
1

 R
(j

et
∆

0

1

2

3

4

5

6

0 20 40 60 80 100 120 140 160 180
0

1

2

3

4

5

6

inv. di-muon mass [GeV]
0 20 40 60 80 100 120 140 160 180

) 2
,je

t
1

 R
(j

et
∆

0

1

2

3

4

5

6

� � � �
�	4�G5� 
 �37Y/ 
 �;&���� �B-0/ �PG ���	/ � � � � � �
�	4�G5� 
 �37Y/ 
 � ��� � �B-0/ �PG5���	/]� �5� �

Signal (ii)

µµ→*γZ/

QCD

tt

Di-boson

ττ→*γZ/

� -0/]� � -0/]�

� -0/?, � -0/?,

%'&)(+*-,�. +�/h1 �02 36587:9�;M<?>@;8>BA$C?58DE7gA ��CG<6HJDEKOA � 9E7M7M>@; �� � �� � � ���	�
� ��
�ONUD ��CW5 �g58Q@>BRvHJDEK6C � >'K?>@HJ>@KW>@7:A@> �XDE587YCOZ'5[C �

�]\ ���^  ���E_a`b>Bcd9E7:R �]\ �� � � ^  ��� �V`b>@c �fe � > �M;8D�Cg\h9U^i< � D�Z�<'C � > ��jkR�5 �g>@7:<?5lDU7:9�;-A ��C �:9�KG9��g>@C?KW5lQB>BRm�n 9�7T>B;l;85��+<s>45l7]C � >4< � �:DE7�j�7M> �MC?KG9�;85l7MD��?j �M;89E7M>�� 3-58KG< CSN:C � 58<IA ��C �L5p<b9�� �M;858>BRfNXC � >@7]C � >vDEC � >BK A �MCW< ��j �9EK?> D ��C?5 �g5lQB>BRDE7C � >LKW>��V9�587M587��a<W9�� �M;8>��'e � >vA ��CW<b9�KW>L< � D�Z'7�587C � >4<W9�� �M;8> Z � >@KW> C � > n � 9�rE> m >@>B7D ��C?5 �g5lQB>BR \J;8>$HuCG^b9E7:R�RM5lKW>BA$C?; n]m >@HJDEKW>vC � > n 9EK?>P9�� �:;l58>BR \JKW5	� � CG^��43MDEK A ��C �EN09�7+R�A �MC �aC � >B<?>g<W9�� �M;8>B<9EK?>b58RM>@7YC?5pA@9E; �=e � >LA ��Csj �:D�Z 58<�CWD �]R�D�Z'7 �

162



6.2. Search for Resonant Slepton Production

�� �������X! �$#�#�# � �� � 
 �D � �
�
��� �

0 100 200 300 400 500 600
0

50

100

150

200

250

300

350

400

, all jets [GeV]2µ, 1µinv. mass of 
0 100 200 300 400 500 600

 [
G

eV
]

2
, j

et
1

, j
et

2µ
in

v.
 m

as
s 

o
f 

0

50

100

150

200

250

300

350

400

20 40 60 80 100 120 140 160 180 200
0

5

10

15

20

25

20 40 60 80 100 120 140 160 180 200
0

5

10

15

20

25

 [GeV]T p2µ+1µ
20 40 60 80 100 120 140 160 180 200

n
u

m
b

er
 o

f 
ev

en
ts

 / 
3.

6 
G

eV

0

5

10

15

20

25

� � � � � < � � 
 / �
�	4HG5� 
 �PD � �
�	4�G5� 
 �37P/ 
 �F& ��� �B-0/ �PG ���	/ � �

0 20 40 60 80 100 120 140 160 180
20

40

60

80

100

120

140

160

180

200

inv. di-muon mass [GeV]
0 20 40 60 80 100 120 140 160 180

 [
G

eV
]

T
 p 2µ+ 1µ

20

40

60

80

100

120

140

160

180

200

0 20 40 60 80 100 120 140 160 180
20

40

60

80

100

120

140

160

180

200

inv. di-muon mass [GeV]
0 20 40 60 80 100 120 140 160 180

 [
G

eV
]

T
 p 2µ+ 1µ

20

40

60

80

100

120

140

160

180

200

� � � �
�	4�G5� 
 �37P/ 
 �F&���� �B-0/ �PG5�(�	/ � � � : � �
�	4HG5� 
 �37Y/ 
 � � �� �B-0/ �PG5���	/1D �

0 20 40 60 80 100 120 140 160 180 200
0

20

40

60

80

100

120

140

160

180

200

inv. di-jet mass [GeV]
0 20 40 60 80 100 120 140 160 180 200

 [
G

eV
]

T
 p 2

+j
et

1
je

t

0

20

40

60

80

100

120

140

160

180

200

0 20 40 60 80 100 120 140 160 180 200
0

20

40

60

80

100

120

140

160

180

200

inv. di-jet mass [GeV]
0 20 40 60 80 100 120 140 160 180 200

 [
G

eV
]

T
 p 2

+j
et

1
je

t

0

20

40

60

80

100

120

140

160

180

200

� 
 � �
�	4�G5� 
 �37P/ 
 �F& ��� �B-0/ �PG5�(�	/ � � �P7 � �
�	4�G5� 
 �37Y/ 
 � ' � ;�B-0/ �PG5���	/]� � :
�

Signal (iii)

µµ→*γZ/

QCD

tt

Di-boson

ττ→*γZ/

� -0/C& � -�/ �

� -0/]' � -�/]'

� -0/�� � -�/��

163



Chapter 6: Data Analysis

0 20 40 60 80 100 120 140 160 180
0

20

40

60

80

100

120

140

160

180

200

inv. di-muon mass [GeV]
0 20 40 60 80 100 120 140 160 180

 [
G

eV
]

T
 p 2

+j
et

1
je

t

0

20

40

60

80

100

120

140

160

180

200

0 20 40 60 80 100 120 140 160 180
0

20

40

60

80

100

120

140

160

180

200

inv. di-muon mass [GeV]
0 20 40 60 80 100 120 140 160 180

 [
G

eV
]

T
 p 2

+j
et

1
je

t

0

20

40

60

80

100

120

140

160

180

200

�P� � �
�	4�G5� 
 �37Y/ 
 �?&�� � �B-0/ �PG ���	/ � � � � � �
�	4HG5� 
 �37P/ 
 � � �
� �B-0/ �PG ���	/ 


��7 �

0 20 40 60 80 100 120 140 160 180
0

1

2

3

4

5

6

inv. di-muon mass [GeV]
0 20 40 60 80 100 120 140 160 180

) 2
,je

t
1

 R
(j

et
∆

0

1

2

3

4

5

6

0 20 40 60 80 100 120 140 160 180
0

1

2

3

4

5

6

inv. di-muon mass [GeV]
0 20 40 60 80 100 120 140 160 180

) 2
,je

t
1

 R
(j

et
∆

0

1

2

3

4

5

6

� � � �
�	4�G5� 
 �37Y/ 
 �;&���� �B-0/ �PG ���	/ � � � � � �
�	4�G5� 
 �37Y/ 
 � ��� � �B-0/ �PG5���	/]� �5� �

Signal (iii)

µµ→*γZ/

QCD

tt

Di-boson

ττ→*γZ/

� -0/]� � -0/]�

� -0/?, � -0/?,

%'&)(+*-,�.\+�/h1	+02i36587:9�; <?>@;8>BA CW5lDU7TA ��CG<'HJDUK A � 9E7M7M>@; �� � � ���� � �ONXD �MC?5 �P58Q@>SRHJDEKiC � >4K?>@HJ>@KW>@7:A@> �+DU5l7YCbZ'5[C �
�]\ �� � ^  � �E_4`b>Bc 9�7:R �\ �� � � ^  ��� �4`b>Bc �Me � >��M;8D�CL\h9Y^ < � D�Z�<�C � > ��j�RM5 �g>@7+<s58DE7:9E;XA ��C �:9�KG9��g>@C?KW5lQB>BRm�n 9�7T>B;l;85��+<s>45l7]C � >4< � �:DE7�j�7M> �MC?KG9�;85l7MD��?j �M;89E7M>�� 3-58KG< CSN:C � 58<IA ��C �L5p<b9�� �M;858>BRfNXC � >@7]C � >vDEC � >BK A �MCW< ��j �9EK?> D ��C?5 �g5lQB>BRDE7C � >LKW>��V9�587M587��a<W9�� �M;8>��'e � >vA ��CW<b9�KW>L< � D�Z'7�587C � >4<W9�� �M;8> Z � >@KW> C � > n � 9�rE> m >@>B7D ��C?5 �g5lQB>BR \J;8>$HuCG^b9E7:R�RM5lKW>BA$C?; n]m >@HJDEKW>vC � > n 9EK?>P9�� �:;l58>BR \JKW5	� � CG^��43MDEK A ��C �EN09�7+R�A �MC �aC � >B<?>g<W9�� �M;8>B<9EK?>b58RM>@7YC?5pA@9E; �=e � >LA ��Csj �:D�Z 58<�CWD �]R�D�Z'7 �

164



6.2. Search for Resonant Slepton Production

� � � ��� ��� ���
	�� ���� �����3��	��
� �������
��	��A � 

� $ �8/ 
 4 �3/��)� 
 ���N�	���;��� /�� 
 � /
�	� :

�3� : � � :�
 �KD �	�NW%�	�N��-�� :
�	� : ��� /�� 


������� �	�KG�� 
*: �(��/������
�3��� � 
 7P����4 : � � 
 � 
 �%/ 
 �����	� �8��-0�N� 
 � � �Z���(�N� �3� 
 �(� ��/ 
*: �(� /�� 
 7Y���(�(� �]�(��� �)� /�� 
 �	� :�
 �,�	7 /�� 
/ $ G �(���	� �������5��L5���	��� 

�

� A � 
 � �3��� 

�8/ ���)�0��� 
 � $ �8/ 
 4 �3/��(� 
 �����	� ����-0�N� 
 � � : - 
 /8�,/�� 


�

 / 
 � 
 ��� $ �����	� 
 -���� 
 ��/
�	�(�%/ $

�	� : � � :0
 �N��9 
*: D $ 9��3� $ �(�0�?/�� 

�

 /���� ���	��� 
 ��/������S/8�	� 
 /�� 
 �17Y�	�./�� 
 :

�3/
� �	� : /�� 
a� ���%/ 
�
�3�N��� ���	4�G5� 
 � D $ &�� �P��� 


�8/
�	� :
�3� :H:0
 9#� �3/������ � � � 
B
 �	� �8� �#
 �3%�� �  �0 A � 
 9��3�N� �3/������ � �3� 
G����	G �3� �3/ 
*: ���	��� 
 ��/�� $ /8�,�	/�� 
 �Z9��3�N� �3D � 
 � � �� � �  A � 
 ����4�G � 
 / 
 �	���	� $ ��� �]� �1/�� 
 �2� 
*: ��� 
-����(���?/�� 
 4�� : ��L 
*:

�

 / 
 � 
 ����� 
 ���

� ] �)�X4?-0����� 
 � �3/ 
*: 
 `,�B� 
 ���B� 
 � ��� 9 
 D 
B
 � : � �N�B-��
� 
*: �(� :0
 /
�	�)�"�(� ��
 �3���(&3 A � 
 � �3/����\�	7/�� 
 4F-����S� 
 �������8/8�N-5��/������ �#/8���	��W L5� : �(�0� �	� : 4 �3/��N���(��� ��� �8��� �3/������ �	� : 4 
*: �(-�4O<�!�-��	�(��/ $
 `,�B� 
 ��� $ �)� :
�3/
� �	� : �)�C/�� 


���(4?-�� �3/������C� �*9 
 D 
B
 �;-�� 
*: /8�����	�)�B-�� �3/ 
 ���	�N� 
 ��/������?7 �	��/8�	� ���
�]���(��� :�
 G 
 � : �(�[/�� 
 ���	� 
 �	7K/�� 
 4?-0��� � 
 �������8/8��-���/������ ��� /�� 
 4?-0��� G � 
 - : �3< � �3G5� : ��/ $
"  A � 
 ���	��� 
 ��/�������� �3� 
 ���	�(�B-�� �3/ 
*: G 
 � 4?-0���� � �(�5� 
]: �=<>4?-0��� 
 9 
 �%/
� �3� 
 �


 � 
 ��/ 
*: � 

�	���4F-���� -���� 
 ��/
�	�(�%/ $ � �O4?-���/���G5�)� 
*: D $ � 7 �	��/8�	�,�	7 � �	� :

��-�4H4 
*: !�-�� : � �3/��(���	�(� $  A ��� �������� 
 ��9��3/���9 
 � $ /
�3W 

�]7P-��)�����	��� 
 � �3/������TD 
 /� 
B
 �[D �	/��24F-0��� �M�(�%/8� �	�B����-��@/��

� A � 
 � 
 � �3/���9 
 �(-�4H�)�0� ����/ $ -���� 
 ��/
�	�)�@/ $ 7P�	�H/�� 
 -0/��)�(��I 
*: :
�3/
�3/
�3W#�(�0��G 
 �N��� : � � 
 !�-��	�./8�# ����%$=& $ ��&  A � 
 �(-�4,�(�0� ����/ $ -���� 
 ��/
�	�(�%/ $ : � 


� �0�	/ �3G�G5� $ /8�2/�� 
('a�
� �
�	4�G5� 
  � �(��� 
/�� 
�' �

� �����@/8����D5-0/������C/8�]/�� 
 � � < � � 
 / �
�	4�G5� 
 � � �3G�G��N���0�(4 �3/ 
 � $ &*��� �3/�� 
 � 
 ��-���/��)�0�./8�	/
�	��(-�4H�)�0� ����/ $ 
 �����	�E���O/�� 
 /8�	/
�	�0D �	�NW%�	�N��-�� : �(�?/�� 
 � � < � � 
 / �
�	4�G5� 
 � �*)	����+ #-, ��� � � , ��� �
� A � 


� $ �8/ 
 4 �3/��(� 
 �N���	�K�	7�/�� 
�: �=<>4?-0���H/8�����	� 
 � G �3���	4 
 / 
 �N��I �3/��(���\� �K�	D�/
�	�(� 
*: D $ 9��3� $ �(�0�/�� 
 G �3� �	4 
 / 
 ���1����9 
 � �(� ��
 �3 ��(&3(& � A �3DX �� � �]��/��5�(� /�� 
 ��� 
 �����	� ���
� A � 
 -���� 
 ��/
�	�(�%/ $ ��� /�� 
 G���� : -���/������ ����� �
� �


 ��/������ /��(4 

�\W@< 7 �	��/8�	� � �3��� ���(�0� 7P����4 /�� 
G �3��/8��� :0
 � ����/ $ 7P-5����/������S-���� 
 ��/
�	�)�@/�� 
 � �#� � /
�3W 
 � �(�%/8� �	�B����-5�@/MD $ 9��3� $ �(�0�O/�� 
 � ( � (3: ������ �
� �


 ��/������ ���	�N� 
 ��/������ D $ ��� 

��/
�	� :

�3� : :�
 9�� �3/��(��� � �	�H����9 
 � �(�.$=& � $ &  A � 
 4 �	�
�Q<:0
 G 
 � :0
 �%/����	��� 
 ��/�������� � 
 � 
 ���	�(�B-�� �3/ 
*: -����(�0� /�� 
 � A � ' # (& � G �3�N/8��� :0
 �����(/ $ 
 �N���	�7P-5����/�������� �	� :
�3� 
 ����� �]�C�)� � ���0 # (& $ � � � 7Y�	�"/�� 
K: ��4H�)���	�@/ � /
�	� :

�3� : � � :0
 �	D �	�NW%�	����-5� :G����#� 
 �
� �0/ ;>= � ? < G5��� : -���/������ �	� : �)� � �(�0 # (& $ �PD � 7P�	�]/�� 
 � 
 �8�����	�%/ ��� 
 G�/8���TG���� : -���/�������
� A � 
 ���0���(� 
 �	7�/�� 
 7 �	��/8�	����I �3/������ �����	� 
 �21 �43 � �� � ���	�K�(�655- 
 ��� 
 ���H/�� 
 � 
 �8�����	�%/ �N� 
 G�/8���G���� : -���/������,����� �
� � 
 ��/�������87Q� � ���0 # (&9)C/�� 
 �N���	��� 
 �(�,/�� 
 ���N� �
� � 
 ��/������\� � ���0� �]� � �]� 
 �9 �3� $ �(����/�� 
 7 �	��/8�	�N��I �3/������ �����	� 
 �(�S/�� 
 ���	�0� 
 %�� �

� � ; �;: �21 : � 0 3 � �� �  A � 
 � 
 �0�	��4 �	�(��I � </������ �N���	� 
 �
�
�]�5�(�N��� �;�(4�G �	��/
�	�%/ �3/?������� 
 �F�	� :0
 ���F� �;-��N-��	�(� $ �N�0� � 
 � /8��D 
,
 !%-��	�K/8�

�21  A � 
 /8�	/
�	� � $ �8/ 
 4 �3/��(� -���� 
 �N/
�	�(�@/ $ /8� /�� 
 � 
 �8�����	�%/ �N� 
 G�/8���J���N� �
� �

 ��/��(��� : - 
 /8�/�� 
 7 �	��/8�	����I �3/������ �	� : � 
 �0�	�N4 �	�(��I �3/������ �����	� 
 -���� 
 �N/
�	�(�@/�� 
 �V� � ������� 
 ��9 �3/��(9 
 � $ 


�8/��)4 �3/ 
*:/8�HD 
 � 
 �
�1/�� �	�[��� �
� A � 
<' �

� �
�	4�G5� 
 ����� �
� � 
 ��/������ -���� 
 ��/
�	�(�%/ $ ���	� D 
B
 � 

�8/��(4 �3/ 
*: �	� : � � � 
 ��� /����	� � ��� �

165



Chapter 6: Data Analysis

 mass [GeV]*γZ/
0 100 200 300 400 500

re
la

ti
ve

 C
T

E
Q

6.
1M

 P
D

F
 u

n
ce

rt
ai

n
ty

-0.2

-0.15

-0.1

-0.05

-0

0.05

0.1

0.15

0.2

slepton mass [GeV]
0 100 200 300 400 500

re
la

ti
ve

 C
T

E
Q

6.
1M

 P
D

F
 u

n
ce

rt
ai

n
ty

-0.2

-0.15

-0.1

-0.05

-0

0.05

0.1

0.15

0.2

� � � �PD �
%'&)(+*-,�.�+�/h1 �f2 	i7:A$>BKsCG9�587UC n DU7LC � > \ " ^ " �����MKWD�R��:A CW5lDU74A@K?DY<?<6<s>SA CW5lDU749�KW5p<s587���HJKWD�� C � >��:9�K?C?DU7vR�>B7:<s5lC n
H��M7+A C?58DE7��M7:A$>BKsCG9�587YC?58>B< HJDUK \h9Y^ C � >
	�������MKWD�R��:A CW5lDU7V5l7aRM>��X>@7:R�>B7:A$> D�H��]\�	�����@^ 9�7:R]\ m ^ C � >iKW>B<?DE7+9�7YC<?;l>���C?DU7��:K?D�R��:A$C?58DE7587�R�>��+>B7:R�>B7:A$>LDEH�C � >L<s;8>��MC?DE7 �V9E<W<	�]\ �� ^ �=e � >��M;8D�CiRM9�CW9P5p<�HJK?D���� � ����� �

 ~ = m
R

µ 

 (TeV)ν ~m
50 100 150 200 250 300 350 400 450 500

) ν∼
 =

 m
Fµ (σ

) 
/ 

Fµ (σ

0.8

0.9

1

1.1

1.2

/ 2ν ~ = m
F

µ
ν ~ = m

F
µ

ν ~ = 2 m
F

µ

LO

NLO

ν ~ = m
R

µ 

)p= 1.96 TeV (pS

%'&)(+*-,�.,+0/)1���2�e � >IC?D�CG9�;�< n < CW>��V9�CW58A
�M7+A$>@K?CW9E5l7YC n CWDgC � > " ��� K?>S<sDU7:9�7YC�<?;l>���C?DU7�A@K?DY<?<'<?>BA$C?58DE7R��M>IC?D
C � > Hh9EA$C?DUK?58QB9�C?58DE7]9�7:R�KW>@7MDUK �V9E;l58QB9�C?58DE7<?AB9�;8>��M7:A$>BKsCG9�587YC?58>B<�5p<';8>B<W<'C � 9�7 ��� 587]C � >4A$D����M;8>$CW>LKG9�7��U>bDEH
<sC �:RM5l>SR�<?;8>���CWDE7 �g9U<?<?>B<�� � �!� �

166



6.2. Search for Resonant Slepton Production
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6.3. Search for Gaugino Pair and Associated Production
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Chapter 6: Data Analysis
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Chapter 6: Data Analysis
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Chapter 7: Results
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7.2. Limits on Resonant Slepton Production
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7.2. Limits on Resonant Slepton Production
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Feynman Diagrams
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A.2. Chargino Decay Channels
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Feynman Diagrams
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