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1. INTRODUCTION

Z*[]\_^]`=a%`ba�`LcedTf]gh`=aji7k"l;m1n"o&[]\MpY\q\Mr:\�saYp�tLf�uvtLpxwOtVuYdya�pYtVf uvt6z|{V}S~ �"�H\��3s�tVr:rTd�^S\M^�o&d:aY[�w]p�t6aYtVf uvt6z��]w�a�t��V{6���H\��1n
\�f�^S\M^qdTf_�L� f]\1{6�V�e}���k"`Vs%[�tLz?a�[]\1i1�1`6f ^_��k��7��\��SwO\�p�d:�v\MfVa%u�s�tLrTr:\�saY\�^q`6p�tL�]f ^q� ~ �?z�������^]`6a�`5z�p�tL��aY[]\|o&[ tLrT\�pY�]f f]d:f g
wO\�p�d:tS^��M�L�e{���{6�V�e}���Z*[ \Hr�`6p�gL\�u�a&u�`6�vw]rT\Mu*`6p�\�z�p�tL��a�[]\|uY\Ms�tVf ^j^ `=a�`1a�`Lc�d:f]g5wO\�p�d:tS^q{6�L�V�=��{6�V�e}5�/i7k"l;m;��{V �F¡�f¢s�tV�5w�`6p�dTuYtLf
o&d:aY[£i7k"l;m;���Vn]aY[ \|d:fea�\�gLp%`=a�\M^¤rT�]�vd:f]teu�d:a�¥¤t6zFaY[]\5¦�§�¨£`6f ^¢¦ � ¨£u�`6�vw]rT\Mu�[ `Lu�`j{��*`6f ^©���=�$z�tLr�^�dTf s�pY\�`LuY\Ln]p�\MuYw�\�sa�d:ªV\�rT¥L�*¡�f
`L^ ^Sdya�d:tVf�n�aY[ \v¦�§«`Lf ^£¦ � ��\�`6�¬u�`=a�i�k"l�m&��{xo�\�p�\1rTtLf]gVdya�� ^SdTf `6rTrT¥¢w�tVrT`LpYd�u�\�^-�|Z*[]\�u�\v^]`=a%`ju�`6�vw]rT\MuH[ `�ªV\1�¬`L^S\5wOtVu�u�dT�]rT\
�Ot6aY[�aY[ \�u�aY��^S¥¬t6z?p�`LpY\7\��]s�rT� uYd:ªV\�\�rT\Ms�aYp�t=o�\�`6c5w]p�t�s�\Mu�u�\�u"o&d:aY[qs�p�tVu�u�u�\�saYdTtLf�ª=`6rT�]\Mu*^St=o&fjaYtq��w]�¤`6f ^xaY[]\�uY\M`6p%s%[¬z�tVp�f \�o
w][�¥Su�d�s�u*w []\�f]tV�v\�f ` �
Z*[]dTu"a�`Lr:c¬s�t=ªL\�p%uA\Md:gV[Va*`6� u�aYp%`Ls�a�u�u��]� �5d:a�a�\M^xaYt|a�[]d�u�s�tLfSz�\MpY\Mf s�\&z�p�tL�i1�7`6f�^���k"�H�vtLfxaY[]p�\�\7�v`Ld:fxaYtLw dTsMu"rTdTu�aY\�^¬dTf¬aY[]\

`6��u�a�p�`VsaM�AZ*[]\�p�\MuY�]r:a�u&w]p�\MuY\�fea�\M^¤`=a*aY[]\|s�tLfSz�\MpY\Mf s�\�`LpY\H�]p�d:\�® ¥�uY�]�v�¬`6p�dTuY\M^j[]\�p�\�d:f�aY[ \�z�tLrTr:t=o&dTf]g¬u�\�sa�d:tVf u��

2. MULTI-LEPTON EVENTS AT HIGH TRANSVERSE MOMENTA

m;f�\��Ss�\Mu�u�t6z&�>�]rya�dy�.rT\�wSa�tLf�\MªL\�fea%u|`=a1[ d:gV[X¯N°±`=a>i7k"l;m²o�`Vu�³ p%u�a>pY\Mw�tVp�a�\M^bd:f±´y�µ*��¥bi1�x� `Vu�\�^©tLf�i�k�l;m&�%�x^]`6a�`]�
Z*[]\v^StL�vdTf `6fea��ea�`Lf ^]`6p%^£¶_t�^]\�r&���S¶� ;w]p�tSs�\�uYuY\MuH`6p�\|z�p�tL�·aY[ \>rT\�wSa�tLf�w `6dTp7w pYtS^S� s�aYdTtLf�d:f�w][]t6a�tLfS�.w][]tLaYtVf_d:fea�\�p%`Lsa�d:tVf uMn
¸O¸¤¹»º § º � n]o&[]\�p�\7aY[]\�w][]tLaYtVf u&`6p�\7p%`L^]dT`6aY\M^xz�pYtV�²dTf s�d�^S\�fea&�O\M`6�¼w `6pYaYd�s�rT\MuM�AZ*[]\�� `Ls%c�gLp�tL� f ^xs�tVfeaYp�d:�]�]aYdTtLf u*`6p�\H�v`Ld:f r:¥
z�p�tL�½f]\��]aYp%`6r7s��]p�pY\MfVaq^S\�\Mw«dTf]\�r�`Lu�aYd�s£u�s�`6a�aY\MpYdTf]g¾��¿�¡��  j`Lf ^±ÀHk"¿Ás�tV�5w]aYtLf¾w]pYtSs�\Mu�u�\�uxo&[]\MpY\_dTf¾`V^]^Sd:aYdTtLfÂa�tXgL\Mf��]d:f \
\�rT\Ms�aYp�tLf uMn8[ `V^Sp�tLf u>tLpvp%`L^Sd�`=a�\M^�w []t6a�tLf uv`6p�\¤�5d�uYdT^S\MfeaYd:³ \M^�`Lu5\�rT\Ms�aYp�tLf u>tLpv�>�]tLf uM�XÃ�\�¥VtLf ^�aY[]\_�S¶�nFaY[]\qw]p�tS^S� sa�d:tVf
t6z|`�^]tL�]�]rT¥�s%[ `6p�gL\�^Äi�d:gVgVux�OtVuYtLfÅ´ {�µHtLpxw]p�tSs�\�uYuY\Mu¬dTf�ªLtVr:ª�dTf]g©gL\�f \�p�dTsq�OtVuYtLf u�s�`LpYp�¥�d:f]gba�o�th�]f]d:a�u�t6z�rT\�wSa�tLfÂf��]�1�O\�p
��� dy�.r:\MwSaYtVf u% �´ ��µ?s�tL� rT^¤rT\M`L^jaYtv�>�]rya�dy�.rT\�wSa�tLf u&\MªL\MfVa%u*t6z?rT`LpYgV\7dTf�ª�`LpYd�`6fea&�¬`Lu�u��
Z*[]\¬`6f `Lr:¥SuY\MuH`6p�\1wO\�pYz�tLp��5\�^£dTf©`j�vtS^S\�rAdTf ^S\Mw�\Mf ^S\MfVa�o*`�¥qo&dya�[�a�[]\5z�tLrTr:t=o&dTf]g��v`Ld:f©uY\�rT\Msa�d:tVf�s��Sa�uM�>Z?`6cV\5i1�¤´ Æ6µ8`Lu

`6fh\��]`6�vw]rT\LnA\M`Vs%[h\�ªV\�fea1[ `Vu�aYt�[ `�ªL\x`6a>rT\M`Vu�a|a�o�t£s�\�feaYp%`6rH��{6�eÇqÈÉ�ÈÊ���6�VÇ 1\�rT\Ms�aYp�tLfhtVp1�1� tLf�s�`Lf ^Sd�^]`=a�\Mu1o&dya�[haY[]\
rT\M`L^]d:f]g�r:\MwSaYtVf�¯ �°«Ë �M�"�H\M�1n�a�[]\vt6aY[ \�pHr:\MwSaYtVf�¯�Ì°ÂË �8�H\���`6f ^�`L^]^]dya�d:tVf `6rF\�rT\Ms�aYp�tLf u7dTf�`6f£\���aY\Mf ^S\M^b`6f gL�]r�`6p7pY\MgLdTtLf
�LÇ7È�ÉvÈ±�=}6�LÇ7`6f�^¤`V^]^Sd:aYdTtLf `Lr-�1�]tVf u*dTf¢{L�VÇ7ÈXÉ¬È±�MÍV�VÇ7`6f ^q¯ ° Ë {8�H\M�>�
i|�|[ `Vu�`Lf `6rT¥Su�\�^¤uY\�ªV\�f¤aYtVw�tVr:tVgLdT\Mu&dTf_¦�¦en Î-ÎAn�¦MÎAnO¦�¦�¦enO¦MÎ-ÎAnO¦�¦MÎh`Lf ^¢¦�¦�¦�¦e��¡�f£`6rTr-aY[ \|aYtVw�tVr:tVgLdT\MuMnSaY[ \1tL��u�\MpYªV\M^�\�ªL\Mfea

¥�d:\MrT^ u5`LpY\jz�tL�]f�^�dTfXgLt�tS^�`LgLp�\�\��v\MfVa5o&dya�[�a�[]\�w pY\�^SdTs�aY\�^�tLf \Muq´ Æ6µ$��i�t=o�\MªL\�p�nFo&[]\�fXaY[]\qs�tV�vw `6p�dTuYtLfXdTu>�¬`L^S\�z�tLp>aY[]\
dTfeª=`LpYd�`6fea;�¬`Lu�u&t6zFa�o�tx[]dTgL[]\�u�a�¯ ° rT\�w]aYtLf�u7Ï � Ì Ë ���L�"�H\M�1nO\��]s�\�uYuY\Mu;`LpY\�tV� uY\�p�ªL\M^�dTf¢�5teu�a7t6zFaY[]\1aYtVw�tVr:tVgLdT\Mu��/Z?`6� r:\|¡� 
`6r:aY[ tL�]gV[�a�[]\�f��]�1�O\�p�t6zAtL� uY\�p�ªL\�^x\MªL\�fea%u&pY\M�¬`6dTf u;u�a�`=a�dTu�aYd�s�`Lr:rT¥xrTd:�vd:aY\�^-��m�rTuYtxuY[]t=o&fqd:f¢Z?`6�]rT\�¡&`6p�\Hw pY\Mr:dT�vd:f `LpY¥jpY\�u��]r:a�u
z�p�tL�·��k��7��tLfq^Sd:�$\Mr:\�sa�pYtVf¤`Lf ^xa�pYd:�.\�rT\Msa�pYtVf�u�`6�vw]rT\Mu�´ ��µ.�A¡�fq��tLaY[¢uY`L�vw]r:\�u*f]tv\��]s�\�uYu*[�`Lu*�O\�\�fqtV� u�\MpYªV\M^-�
i|�;[ `Vu8`6r�uYt�s�tL�vw `LpY\�^1a�[]\�^Sd�u�aYp�d:�]�]aYdTtLf uAtLz�aY[]\�u�s�`LrT`Lp8u�� �ÐtLzOa�[]\&a�p�`Lf u�ªV\�p%u�\��vtL�v\�fea��]�·�.ÑÊ¯ °  ;�/uY\�\&\L� g �FÒ?d:g�� �e��rT\�z�a% 

z�tLp�aY[]\>¦�§�¨�^]`=a%`V �;m�a|ÑÓ¯?° Ë ���L�"�H\M�1n-�5\�ªV\�fea�u�[ `�ªL\��O\�\Mf_tL� uY\�p�ªL\�^jdTf¢a�[]\>¦�§O¨�u�`6�vw]rT\�o&dya�[£�]~ �LÍ�ÔÄ� ~:��{5\��Sw�\�sa�\M^-�
Õ;tVf]\|[ `Vu&�O\�\�f¢tV� uY\�p�ªL\M^¤dTfqaY[]\>¦ � ¨_uY`L�5w r:\Vn []t=o�\�ªV\�p�nSo&[]d:rT\1� ~ ÍLÆ7ÔX� ~ �V�5\�ªL\Mfea�u;`LpY\�\���wO\Ms�aY\�^-�&Z*[]\�p�\�z�tVpY\�a�[]\|\��]s�\Mu�u&dTu
tLf r:¥juY[]t=o&f¤d:f¤a�[]\|¦ § ¨q^ `=a�`vu�`6�vw]rT\L�
¿�d:ÖO\MpY\MfeaYd�`6r�s�p�tVu�u�uY\Ms�aYdTtLf uq`Vu�`Xz��]f s�aYdTtLf×t6z|a�[]\©r:\�`L^SdTf]gÄaYp%`6f uYªL\Mp�uY\_�vtL�v\�fea��]�Ø¯ �° z�tVp¤\Mr:\�sa�pYtVf¾`6f ^±�1� tLf¾w�`6dTp

w]p�tS^S� sa�d:tVf�`LpY\¤�v\M`Vu��]p�\M^X��¥Xi|�h´ Æ6µ;dTf�`bp�\Mu�aYp�dTs�aY\M^Xw][ `Vu�\¢uYw `Ls�\¤^StV�vd:f `6aY\�^X��¥�w][ t6aYtVfS�.w][]t6a�tLfÄd:feaY\Mp�`Vsa�d:tVf uq�/¯ �° Ë
�M���H\��1n�¯�Ì° Ë �8�H\��5n�{6�VÇ>È±É¤ÈÙ���L�VÇvnOa�[]\>dTf]\MrT`Vu�a�dTs�dya�¥qª=`6p�dT`L�]rT\1Ú£È×�]~ ÛV{¬`Lf ^¢a�[]\|z�tV�]pY�$�vtL�v\MfVa��]�·aYp%`6f u�z�\�p�u�ÜV��`6p�\M^

¡�f uY\�pYa;Ý��SÕÅi�\�p�\
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� Ì�È×�N�H\�� Ì  ��"��k"�H�¬[ `Vu"p�\�rT\M`Vu�\�^vaY[]\Md:p*w]p�\�rTdT�5dTf `LpY¥5pY\�u�� rya%uH´ Í�µ�z�tLp�a�[]dTu*s�tLfSz�\MpY\Mf s�\7d:f¤^Sdy�.�1� tLfjs%[ `Lf]f]\MrOo&d:aY[¤`1uYr:dTgL[ea�r:¥
^Sd:ÖO\MpY\Mfea"w][ `Vu�\;uYw `Ls�\&s��Sa7��¯N° Ë �8�H\M�� ��?Ã�tLaY[xi|�;`Lf ^x��k"�H�5�v\M`LuY�]p�\&u�a�\�\�w r:¥>z/`6rTr:dTf]g|s�pYteuYuAuY\Ms�aYdTtLf uAdTfvgLt�tS^v`6gLp�\�\M�v\�fea
o&d:aY[¤aY[]\1�]¶Á\��Sw�\�sa�`6aYdTtLf uM�

3. ISOLATED LEPTON EVENTS WITH LARGE MISSING ENERGY

Z*[]\A³ p%u�a?dTuYtLr�`=a�\M^H�1� tLf�\�ªV\�fea,o&d:aY[|r�`6p�gL\A�vd�uYuYdTf]g&aYp%`6f�u�ªV\�p%u�\F\�f \�p�gL¥Ho�`Vu-pY\Mw�tVp�a�\M^���¥�i|�8dTfx�M�V�6Æ�´�}�µ.�?��dTf s�\"aY[]\Mf1uY\�ªL\Mp�`Lr
uY\M`6p%s%[]\�u�[�`�ªL\��O\�\�fqwO\�pYz�tLp��v\M^¤��¥�i|�|`Lf ^_��k"�H�jz�tLp�^Sd:Ö�\�p�\�fea&a�¥�w�\�u;t6zFd�u�tVrT`6aY\M^¤rT\�wSa�tLfh�/¦en]ÎAn�  &`6f�^qo&dya�[¤dTf s�pY\�`LuYd:f]gVr:¥
r�`6p�gL\1^]`6a�`¤uY`L�vw]r:\�u>´ Û�µ.�|Z*[]\5pY\�u��]r:a�u5´ �SnA�M��µAp�\�wOtLpYaY\�^qaYt�aY[]d�u�s�tVfSz�\�p�\�f s�\1o&d:aY[£aY[]\>z��]rTr8i�k"l�mÐ^]`6a�`�`6p�\>uY�]�v�v`LpYd�uY\M^¢dTf
Z?`6�]rT\x¡�¡�bZ*[]\�i1�j\��Ss�\Mu�u�dTfhaY[]\q¦¤`6f ^hÎÂs%[ `Lf]f]\MrTu��/Ò?d:g����e��p�d:gV[ea% � |dTu1f]t6avs�tVfS³ p��5\�^©��¥��-k"�7�-�F��k��7�©[ `Vu�nF[]t=o�\�ªV\�p�n
tL��u�\MpYªV\M^�{�d�u�tVrT`6aY\�^��br:\MwSaYtVf©\�ªL\Mfea�u�o&d:aY[h`¤[ `L^Sp�tLf dTs1³ f `Lr"u�a%`=a�\v`6a�rT`LpYgV\>a�p�`Lf uYªL\�p%uY\1�vtL�v\�fea��]� ��¯
�° Ë {L�8�H\M�H 7z�tLp
�]~�{6�"Ô£�]~ �V�7\���wO\Ms�aY\�^x� `Vu�\�^vtLf¬a�[]\7i7k"l;m;����^ `=a�` nVtLz�o&[]d�s%[xÆV�Q� d�u"s�tLfeaYp�dT�]�SaY\�^¬��¥5aY[]\��S¶3uYd:gVf `6r�\�ªL\Mfea�u"z�pYtV�ÙuYd:f gLrT\��
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