
����������	�

��� ��

��������������	������ ��
�	 ���!
#"��$��
#%���	'&(%��)��*�� +-,.�#��	�	/
��-0
12�#���435"6%�7

869;:=<>9#?@9#ACBEDFA=G#HFI=?>DKJ(9L?@DFMNAPOQBRIS<@9#?�OTASUVUSDF?WBR<@DFXSI=B>DFYNA=?[Z\YN<[BR]S9�^@G#HFO(?>?@DFG
_`XSHaOTGcbdXeY�fhgiDjBR]�k\IS:eUPOTBR9
Uml�n(oNprq#sPt
Y(ZuUPOTBROhOTB!BR]=9wv�x`ywzd{|]S9-G#HaOT?>?>DKG-X=HaO(Gcb}XeY~f���Y�U=9#Hm]PO(?4X�9
9#A�G
<>9�OQBR9#U�X}��B>]S9���DKGc]SDFMNO(A�M(<>YNIS:�giDKB>]�BR]=9
UPOTBcOV?@DF��ISHFOTBR9
U5XC���dBR9
:S]S9#A���<>9
ASAPO=z

{|]=9-DKASG#HKIS?>DjJN9i?>DKMNAPOTB>IS<>9
?4OTASU�U=DF?@B><>DKXSI=BRDKYNAS?/Z\Y(<EB>]S9���Y(HFU��NUSOTBcO�k�nNp�q�sPtWl�G#O(A�X�9�O(G
G#9#?@?>9
U�Z\<>YN��HFDFA=bd?
DFA5BR]S9�Y(��G
DaO(Huv�xwy��`HK�d��:SDFG
?LgL9
XS:PO(M(9��

�d�����r���C�e�������\�=���c ¢¡¤£e���c�~�e¥��P�T¦;¥�§Q¨w�e©��cª«�e¥��P�c¬Q¥�§T¨w�e©��cª>­@­#�j�d��¨V¥
{|]=9®YNHKU�O(ASU¯IS:eUPOTBR9
U�USOTBcOV?>]=YNISHFU¯ASY(BiXe9�G#YN�hXSDFAS9
U�z

n(oCprq#sPt�YTZ;UPOTBRO�:S<@YNXPO(X=HK��<@9#°}ISDF<@9#?�n²±´³5�N9#O(<>?®Y(Z|v�x`yµ<@ISASASDKASM�BRDF��9(z�{|]S9�DKASG#HKIS?>DjJN9�?>DKMNAPOTB>IS<>9
?hO(A=U
USDF?WBR<>DKXSI=B>DFYNAS?-:�Y(?@BR9
U¶]=9#<>9�OT<>9�JN9
<@�·?@DF��DFHaOT<iB>Y5BR]SYN?@9�BR]POQB�gLYNI=HFU·X�9V:=<>9#?@9#ACBR9
U6XC��9¤f=:e9#<@DF��9#ACBR9
<>?�DKA
BR]S9i¸P<>?WBLY(<!?@9#G
YNASU�G
YNA=Z\9#<@9#ASG
9w<@9#:eYN<@B>DFASM®v�x`y¹UPOQBcO=z/x-9#A=G#9(º=O(AC�NYNA=9-gi]SY�g;O(ACB>?4BRY�DFACB>9#<>:=<>9
BLO(A�v�x`y
?>DFM(APO(H/YTZLAS9¢g»:S]C�d?>DKG#?�G�O(A·:S<>O(G
B>DFG
9�XC�·OTAPO(HK�d¼
DFASM�O(A=U½DKACBR9#<@:S<>9¢BRDKASM�BR]S9�DKASG#HKIS?>DjJN9V?>DKMNAPOTB>IS<>9
?�:�Y(?@BR9
U
]S9#<@9(z

�`ASHj�·BR]S9�?@DF��:SHF9
?@B®DFASG
HFIS?@DKJ(9�?>DKMNAPOTB>IS<>9
?VO(ASU6USDF?WBR<>DKXSI=B>DFYNAS?�]PO�JN95Xe9#9
A¾:S<>9
?>9
A}B>9#U¿]S9
<>9(z·Ài9�OTUS9#<@?
DFACBR9
<>9#?WBR9
U�DFA�MN9
B@BRDKASMh��YN<>9iDKA=Z\YN<>��OTB>DFYNA�O(XeYNI=B!BR]=9-UPOQBcOhOT?!g49#HKHrO(?!DFA=G#HFI=?>DKJ(9-?@DFMNASOTBRIS<@9#?4O(ASU�USDF?WBR<>DKXSI�±
BRDFY(AS?w��O��$G
YNACBcO(G¢B`BR]S9hXSHaO(Gcb}XeY�f�G#<@9�OTB>YN<>?
º t$ÁLÂ IS?@B�O(?wBR]=9
����DFM(]}B-G#Y(A}BRO(G
B�9¤f�:�9
<>DF��9#ACB>9#<>?-BRY�O(?@b¯Z\YN<
DFA=Z\YN<@��OQBRDFY(A�Xe9
�NY(ASU�B>]POTBi:S<@9#?>9
ACBR9#U$DFA¯O�BcO(HKbez

Ã �5%�Ä � ����&N%��EÄ �®��

%�� ��"6%��$�Å��*�� �Æ�®�/� ÇÈ
��
�

{|]S9�UPOTBRO¯¸PHK9�G
<>9�OQBR9#U¾XC�6�dB>9#:S]S9
A¹��<>9
ASAPO$IS?@9#?�É §Q�\�d©�Ê6Ë(�aÌNÍ~Î Z\Y(<®BR]=9�9
J(YNHFI�BRDFY(A6Y(Zi?@]SYN<@BW±«USDK?@BRO(ASG#9
:S]C��?@DFG
?;BRY�HKYNASMT±ÏUSDF?WBcO(ASG
9i:S]C��?@DFG
?#ºP?>I=Gc]�O(?LBR]=9wG#Y(A}J(9#<@?>DFY(A¯YTZ�°dISO(<>b}?|O(A=U�MNHFI=YNAS?LDKACBRY Â 9¢BR?LYTZ�]PO(US<@YNAS?#º
US9#G#O~�d?�Y(ZwBRO(I¹HK9#:=B>YNAS?
ºL9
B>G(z¹{|]S9�:=<>YNMN<>O(�ÐIS?@9#UÑZ\YN< Â 9
B�<>9
G#YNAS?WBR<@ISG
B>DFYNA�º4HF9
:=BRYNAÑDFU=9#ACBRDj¸PG�OTB>DFYNAÑO(A=U
DF?>Y(HaOTB>DFYNA�ºP]=9�O�J}��ÒmO�J(YN<wBcOTMNMNDFA=MSºm9
BRGTzwDK?-G#O(HFHK9#U½ÉwÓLÔÕk�Ö�<>9¢B>B«��×�YdY�U¯?>DK��ISHFOTBRDKYNAml¢ziÀi9�OTUS9#<@?`DFACBR9
<>9
?@BR9
U
DFA¾US9¢BcO(DKHF?�?@]SYNISHKUÑ<@9
Z\9
<�B>Y�BR]S9$É §Q�\�d©�Ê O(A=UØÉwÓLÔÙg49#XS?@DKB>9#?#zÑvuDFA=bd?VG#O(AÑO(HF?@Y·X�9�Z\YNI=ASU¾BR]S<@YNISMN]¾BR]=9
Y(��G#DaOTHuv�x`y��`Hj����:SDKG#?Lg49#XS:SO(MN9(z

Ú Û �E
#�������E
����

{ <@DFMNMN9
<>DKASM�DF?wUSYNAS9�B>Y5<>9#U=ISG#9VBR]=9V?@BcOTMNMN9#<@DFASM�OT��YNI=A}B`Y(Z!UPOTBcO5YNX�BcO(DKAPO(XSHK9�OTB�O�]SO(US<>Y(A½G
YNHFHKDFUS9
<-B>Y�O
��O(ASO(MN9�OTXSHF9-?>9
B|gi]=DFGc]5DF?LDFACBR9
<>9#?WBRDKASM�O(ASU�g4YN<@B>]¯O(APO(Hj��¼
DFASM=z�ÜPYN<L��YN<>9wDFA=Z\YN<@��OQBRDFY(A�O(XeYNI=BLBR<>DKMNMN9
<>DFA=MSº
Ý«Þeß;à¢áãâFäPå¢æcà¢ç²èRé ê²ß;áìëÏí}î è@ï~ê
ðWÞeß;à¢áãâFäPæ�ñ²á�ò#êTó�í(é êQßLáìëÏí}î è@ï~ê

ô



<>9
Z\9
<®B>Y�BR]=9�õLHFO(Gcb}X�Y�f½gL9
XS:PO(M(9·k�O(G
G#9
?>?>DKXSHF9�Z\<>YN�öB>]S9�YT��G
DaO(H!v�x`y÷�`Hj����:SDKG#?�gL9
XS:PO(MN9�l¢z�ø.?@DF��:SHF9
BR<>DKMNMN9
<>DFA=M�?>Gc]S9
��9�]PO(?iXe9#9
A�IS?@9#U¯Z\YN<;BR]S9�G
HaO(?@?>DFG�X=HaO(Gcb}XeY~f¯USOTBcOV?>9¢B-O(?|Z\YNHFHKY²gi?
�

ÜPYN<iOTA}��?>DF�hISHaOTB>9#U59¢JN9#ACB#º

ù øwHKHe9
HF9
G
BR<@YNAS?LO(ASU���I=YNAS?4giDjBR]5O�BR<>O(AS?@J(9#<@?>9���YN��9
ACBRIS�'kûú�ürlEMN<@9�OTB>9#<!BR]PO(A ô o�×�9
ýÕO(<>9-G#YNAS?@DFU�±
9#<@9#U�z

ù øwHKH Â 9
B>?-OTASU¶k�]PO(U=<>YNASDKG�O(HKHK��US9#G#O���DKASM}lLBcOTIS?|giDKBR]Vú=ü$MN<@9�OTB>9#<|BR]POTA ô o(o�×�9¢ýµOT<>9�G#YNA=?>DFU=9#<>9
U�z

ù {|]S9�9
JN9
ACBVDF?�G#Y(AS?>DKUS9#<@9#UþYNA=HK��DjZ4B>]S9���DF?@?>DFA=M�B><RO(A=?@JN9
<>?@9�9#A=9#<>MT�Èk�ÿ�� ü l�DFA·BR]S9�9
J(9#ACB�DK?®M(<>9�OQBR9#<
BR]POTA��To�×�9
ýhz

ù ÜP<>YN� BR]S9�?>9¢B�Y(Z/Y(X Â 9#G¢BR?igi]SDFGc]¯:PO(?@?�B>]S9�O(X�Y~J(9�G
I=BR?
ºPBR]S9�Z\YNHKHFY~giDFASM®°}IPO(ACBRDjB«��DF?|G#Y(AS?@B><>ISG¢BR9#Ur�

�����
	���
������� � o���n��ûk�ú=ü�l ����� ��� ��� o���� ��kûú=üel � �!� � �#" $ �%�ão&��kûú=ü�l ��" $ �!�¹ÿ � ü k ô l

{|]S9�9
J(9#ACB`DK?|G#YNAS?@DFUS9
<>9
U�YNA=HK��DjZ �����'	�� DF?|MN<@9�OTB>9#<;BR]SO(A ô �(o�×�9¢ý�z
( ����������	�

��� ��
#�����®��������	

o Â 9
B>? ô Â 9
B n Â 9
B>? ³ Â 9
B>? � Â 9¢BR? � Â 9
B>? )+* Â 9
B>?
oVHF9#:�BRYNAS? ô ³,�-* n(o,�-�Nn ³.�(o./Cn n.�,*,� ô ô oNo,*./ n,*.0-� �,*Nn
ô HF9
:=BRYNA ³No.0.0 0N³NnNn 0Nn1�Co �.�-/ ô ô ³,�No n.�1� �-2

�`:S:�z4��DKMNA�USDFHK9#:=B>YNAS? nNn ô ³-2,2 n,*Cn 2,* ô 2 � ô
�=O(��9h�dDFMNA5USDKHF9
:=BRYNA=? nNn ô ³N³,* n.�,/ /.0 ô 2 n o)w³�HF9
:=BRYNA=? n n ô o o o o

{/O(X=HF9 ô �43-IS��Xe9#<LY(Z[9
JN9
ACBR?|Z\YN<in(oNprq sPt Y(Z�UPOTBROhZ\YN<;9�OTGc]¯YTZuBR]S9�O(XeY~JN9�?@DFMNAPOQBRIS<@9#?#z�{|]=9`BRY(BRO(H�A}IS�hX�9
<
Y(Z/9¢JN9
A}B>?w?@DF��ISHFOTBR9
U5DF? ô �Cn ô /-2�z
5 ��
#	 ���E
�"��$��
#%���	

{|]S9�Z\YNHFHKY²giDKASMhB>]S<>9
9®USDK?@B><>DFX=I=BRDKYNAS?|O(<@9�:SHFYTB>BR9
U�X�9
HFY~g»� ±

6&798;:
<!=?>@:'ACBD=E:'F�G�FIH ÿ J ü
ÿ � ü DF?/B>]S9|��OTMNASDKB>ISUS9!Y(ZmBR]S9|��DF?@?>DKASM-B><RO(AS?WJN9
<>?>9i��YN��9#ACBRIS� DFA�O(AV9
J(9#ACB�zLKÏB�DK?�US9¢¸PAS9#U�O(?/B>]S9;��O(MT±

ASDKB>ISUS9�Y(ZrB>]S9-J(9#G
B>YN<L?@IS� Y(ZrB>]S9-B><RO(A=?@JN9
<>?@9`��Y(��9
A}BRO�YTZuO(HKHP:S]SY(B>YNAS?#º�9#HK9#G
B><>YNA=?#ºd��ISYNAS?
º�]SO(US<>Y(ASDFG#O(HFHj�
US9#G#O~�dDKASM�BRO(IS?�O(ASU Â 9
B>?#z

n



 0

 2000

 4000

 6000

 8000

 10000

 12000

 14000

 100  200  300  400  500  600  700

D
i
s
t
r
i
b
u
t
i
o
n

Missing Transverse Energy

"met.dat" using 1:2

AM798N:�<�=?>@:
AOBP=?:
F�GQF�HSRUTWVRXT'V DF?|US9¢¸PAS9#U$O(?|Z\YNHFHKY~gi?`�

RUTWV 
 k'Y[Z�\^]`_�
tba �����

�ü lD�¹ÿ�� ü k�nNl

a �����ü 
 c k a �����d l Á ��k a ���
�e l Á k�³Cl

 0

 1000

 2000

 3000

 4000

 5000

 6000

 7000

 500  1000  1500  2000  2500  3000

D
i
s
t
r
i
b
u
t
i
o
n

Meff

"meff.dat" using 1:2

³



f�7g8N:
<!=?>@:'ACBD=E:'F&GhFIHiRkj�jCHlFI>�m^npoqoLF&<r:'=?sXtD:'u�Gwvq:�x'syoq=?F�Gq<{z ) n}| sy=?<,m4<~:'u�Gq6�=EBq>EsRUj�j DK?|US9
¸SAS9#U$O(?|Z\YNHFHKY²gi?w�
RUj�j 
 c k a j�� � a j�� l $ k a j�� � a j�� l $ k
�}l

{|]S9�USDF?WBR<>DKXSI=B>DFYNA½k
3`lLZ\YN< Rkj�j DK?|US9
¸PA=9#U�OT?��
� 
 � � �l�.�#� ��� $r�-$E�p� � �l�,$E�p� � �#�,$r� � k��Nl

 0

 2

 4

 6

 8

 10

 0  50  100  150  200  250  300  350

D
i
s
t
r
i
b
u
t
i
o
n

Inv Mass of OS dileptons

"mll.dat" using ($1):(abs($2))

�


