
*� tB�� ' nx�M
V}�$j d� d���

7�tR$�$%$�k �B psZ��T��I$s��I 7Z}��Rk88���k  ��s,$t� �BI�jR

BP �Y� 3��8$jsA =}��sI�I q�%s��Bt ]Bjj$I��

F$st8$t� +$st

*�}s��8�t� BP _YkR${R� qY� =t$%��R$�k BP �${Y$�st

Vtt V�AB�� �${Y$�st ;Md(�

e8s$jU J$st`oZ8${Y��IZ

qY$R }s}�� I$R{ZRR�R RZ}��Rk88���k I$R{B%��k }B��t�$sj BP �Y� Z}��sI�I

*� �-}��$8�t� s� �Y� q�%s��Bt ��� {Bjj$I��� 7$- htsj R�s��R b$�Y js��� ��stRT

%��R� �t���k w8B8�t�Z8D j�}�BtR B� }YB�BtR wb$�Y B� b$�YBZ� js��� ��stR%��R�

8B8�t�Z8 $8Asjst{�RD s�� R�ZI$�I� qY�R� htsj R�s��R s�� �-}�{��I �B Ys%�

R8sjj As{,��BZtIR stI s�� �Y���Ak $I�sj PB� t�b }YkR${R R�s�{Y�R� y8}j${sT

�$BtR BP �Y� stsjkR�R BP �Y�R� htsj R�s��R Bt psZ�� ��I$s��I 7Z}��Rk88���k

 ��s,$t� 8BI�jR s�� I$R{ZRR�I PB� $t����s��I jZ8$tBR$�$�R BP 1 stI n( PA�d�

qY$R R�ZIk I�8BtR��s��R �Ys� s js��� {jsRR BP RZ}��Rk88���k 8BI�jR {st A�

}�BA�I s� �Y� Z}��sI�I q�%s��Bt�

d



y� yWqi!*=]qy!W

qY$R }s}�� RZ88s�$9�R �Y� bB�, IBt� PB� �Y� q�%s��Bt iZt yy <$��R\7Z}��Rk88���k
bB�,RYB} >dH Bt �Y� RZ}��Rk88���k 8BI�jR b$�Y psZ�� ��I$s�$Bt\NBb 7{sj� 7Z}��Rk88�T
��k  ��s,$t� wp�7 D >1H� 7$- htsj R�s��R $t bY${Y t�b }YkR${R 8$�Y� 8st$P�R� $�R�jP s��
$t%�R�$�s��I ZR$t� �Y� }s�s8����R BP �Y� Z}��sI�I *� I���{�B� >nH� Vjj BP �Y�R� htsj R�s��R
s�� �-}�{��I �B Ys%� R8sjj }YkR${R stI $tR��Z8�t�s�$Bt As{,��BZtIR� y8}j${s�$BtR BP �Y�
stsjkR�R BP �Y�R� htsj R�s��R $t PZ�Z�� q�%s��Bt �ZtR Bt �Y� 8$t$8sj wstI tB�TRBT8$t$8sjD
p�7 8BI�jR s�� I$R{ZRR�I� eR�$8s��I I$R{B%��k ��s{Y�R $t �Y� RZ}��Rk88���k }s�s8����
R}s{� s�� }��R�t��I�

yy� ! Fe]q y*eWqy3y]Vqy!W

*Z� �B s js��� tZ8A�� BP �Bt�� ]s�jB w�]D �%�t�R ��t��s��I� tB I���{�B� R$8Zjs�$Bt
$R IBt� PB� RZ}��Rk88���k R$�tsjR� Vjj R�ZI$�R I�R{�$A�I $t �Y$R }s}�� �-{�}� �YBR� �-T
��s}Bjs��I P�B8 iZt y stsjkR�R s�� {s��$�I BZ� s� �Y� }s��${j� j�%�j BP �Y� yRsa�� �]
}�B��s8 >;H� V 1 q�z q�%s��Bt {�t���TBPT8sRR �t���k $R sRRZ8�I �Y�BZ�YBZ� �Y� R�ZI$�R�
N�}�BtR wf ) �,  D stI }YB�BtR w�D s�� ���{BtR��Z{��I: P�B8 �Y� ��t��s��I }s��${j� j$R� Ak
��JZ$�$t� �Y�8 �B Ys%� ��stR%��R� �t���k wox D B� 8B8�t�Z8 w�x D ���s��� �Yst x p�z stI
�B A� b$�Y$t �Y� }R�ZIB�s}$I$�k �st��RU

�U /�/ c d3d B� d3x c /�/ c 13(�

 U /�/ c d3��

�U /�/ c d3d B� d3x c /�/ c 13(�

qY�R� hIZ{$sj �st��R s�� I${�s��I Ak �Y� {B%��s��R BP �Y� �j�{��B8s�t��${ {sjB�$8���� stI
�Y� {�t��sj ��s{,�� BP �Y� *� I���{�B�� 3Z��Y��8B��� �Y� j�}�BtR stI }YB�BtR 8ZR� A�

$RBjs��I� VII$�$Btsj �t���k $t s {Bt� b$�Y s �sI$ZR o #
�
w�*D1 L w��D1 ) (3x $t � � *

R}s{� s�BZtI �Y� j�}�Bt\}YB�Bt $R ��JZ$��I �B A� j�RR �Yst 1(0 BP $�R �t���k�
F��R s�� ��{BtR��Z{��I ZR$t� s {Bt� sj�B�$�Y8 b$�Y s �sI$ZR o ) (3x $t � � * R}s{�

stI s�� ��JZ$��I �B Ys%� oi
x k 1( p�z stI /�i/ c 13(� Vjj }s��${j�R �-{�}� t�Z��$tBR� �Y�

j$�Y��R� RZ}��Rk88���${ }s��${j�R wjR}D� stI �Y� $I�t�$h�I j�}�BtR stI }YB�BtR s�� ZR�I $t
�Y� `�� ��{BtR��Z{�$Bt� qY� ��stR%��R� 8B8�t�Z8 $8Asjst{� w \ox D $R I�ht�I �B A� �Y� �B�sj
��stR%��R� �t���k BP t�Z��$tBR stI �Y� jR}R�

et���$�R B� 8B8�t�s BP j�}�BtR� }YB�BtR stI `��R BP �Bt�� ]s�jB �%�t�R s�� �s,�t P�B8
�Y�$� }s��${j� j�%�j %sjZ�R b$�YBZ� stk I���{�B� �&�{�� 78�s�$t� BP �t���$�R B� 8B8�t�s
BP j�}�BtR� }YB�BtR stI `��R s{{B�I$t� �B �Y�$� �-}�{��I ��RBjZ�$Bt �k}${sjjk {Yst��R R$�tsj
�^{$�t{$�R Ak j�RR �Yst d(0 ��js�$%�jk stI �Y���PB�� YsR t��j$�$Aj� �&�{� Bt �Y� R�ZIk�

qY� ��{BtR��Z{�$Bt �^{$�t{$�R s�� sRRZ8�I �B A� �(0 PB� j�}�BtR stI }YB�BtR� 3B� �Y�
}Z�}BR� BP As{,��BZtI �R�$8s�$BtR� �Y� }�BAsA$j$�k wfD PB� s `�� �B A� 8$R$I�t�$h�I sR s
j�}�Bt wi � fD B� s }YB�Bt wi � �D $R sRRZ8�I �B A� d(�;� qY� }�BAsA$j$�k PB� st �j�{��Bt
�B A� 8$R$I�t�$h�I sR s }YB�Bt w�� �D $R sRRZ8�I �B A� ; 
 d(�;� qY�R� }�BAsA$j$�$�R s��

1



s Ps{�B� BP �Y��� B� 8B�� R8sjj�� �Yst �YBR� BA�s$t�I $t iZt y 	� G$�Y s t�b 8s�t��${
{�t��sj ��s{,$t� RkR��8 stI s ht�TR��8�t��I }��RYBb�� I���{�B�� �Y�k RYBZjI A� s{Y$�%sAj�
$t iZt yy�

yt iZt y� �s��$t� BP AT`��R bsR j$8$��I �B �Y� ZR� BP RBP� 8ZBtR $t *�� 7�{BtIs�k %����-
�s��$t� BP AT`��R b$jj A� s }Bb��PZj sII$�$Bt $t iZt yy� 3B� �Y� R�ZI$�R I�R{�$A�I A�jBb� s
�s��$t� �^{$�t{k BP E(0 $R sRRZ8�I PB� �YBR� AT`��R b$�Y ox k 1( p�z stI /�/ c 13(� qY�
}�BAsA$j$�k fwi � KD PB� s j$�Y�TJZs�, B� �jZBt `�� �B A� �s���I sR s AT`�� $R sRRZ8�I �B A�
d(�n� qY�R� tZ8A��R s�� B}�$8$R�${ �-��s}Bjs�$BtR BP bYs� ]*3 s{Y$�%�I $t iZt y�

<�s%k R�sAj� {Ys���I }s��${j�R {st A� $I�t�$h�I >x�EH ZR$t� �Y�$� �-}�{��I js��� $Bt$9sT
�$Bt �t���k jBRR�R wQobQ?D $t �Y� R$j${Bt I���{�B�� hA�� ��s{,��� }��RYBb�� I���{�B�R stI
{sjB�$8�����  sR�I Bt i�P� >xH� s ��t��${ QobQ? {Z� $R $t��BIZ{�I b$�Y st �^{$�t{k BP EM0
PB� Y�s%k R�sAj� {Ys���I }s��${j�R stI s ��`�{�$Bt Ps{�B� BP d( PB� �Y� 8$t$8Z8 $Bt$9s�$Bt
}s��${j�R w�y_D� WB�� �Ys� �Y� �^{$�t{k PB� $I�t�$Pk$t� s� j�sR� Bt� RZ{Y }s��${j� $t �%�t�R
b$�Y �bB Y�s%k R�sAj� {Ys���I }s��${j�R $R �(0�

G$�Y �Y� sII$�$Bt BP }��RYBb�� I���{�B�R� *� b$jj A� sAj� �B ��{BtR��Z{� �Y� I$R�st{�
BP �Y� {jBR�R� s}}�Bs{Y wI{sD BP s }YB�Bt b$�Y s ��RBjZ�$Bt � d3x {8 >xH� <��� �Y� I{s
$R I�ht�I sR �Y� I$R�st{� A��b��t �Y� }�$8s�k �%�t� %����- stI �Y� ��{BtR��Z{��I }YB�Bt
I$��{�$Bt� qY���Ak $� b$jj �tsAj� ZR �B $I�t�$Pk }YB�BtR }�BIZ{�I s� R�{BtIs�k %���${�R� yt
�Y� PBjjBb$t�� s }YB�Bt $R {sjj�I I$R}js{�I $P $�R I{s $R ���s��� �Yst x�( {8 stI $R I�tB��I
Ak �I� G� PZ��Y�� sRRZ8� �Ys� �Y� }�BAsA$j$�k PB� s }YB�Bt }�BIZ{�I s� �Y� }�$8s�k %����-
�B Ys%� �Y� 8�sRZ��I I{sk x {8 $R fw� � �ID ) 1
 d(�n wsABZ� n�D�

Vjj htsj R�s��R R�ZI$�I Ys%� js��� ox w�x D j�}�BtR\}YB�BtR b$�Y B� b$�YBZ� js��� \ox �
q�$����$t� Bt �Y�R� �%�t�R s�� tB� �-}�{��I �B Ys%� stk }�BAj�8� W�%���Y�j�RR� b� sRRZ8�
s �(0 ��$���� �^{$�t{k PB� sjj �Y� htsj R�s��R�

	qY� �k}${sj tZ8A��R I����8$t�I $t iZt y s�� fwi � �D ) x
 d(�;� fwi � �D ) � 
 d(�;� stI

fw�� �D ) ;
 d(�n�

n



yyy� 3yWVN 7qVqe7

7$�ts�Z��R PB� RZ}��Rk88���k %s�k I�s8s�${sjjk P�B8 Bt� 8BI�j �B stB�Y��� qY�k {st
sjRB A� %��k I$&���t� PB� I$&���t� ���$BtR BP �Y� }s�s8���� R}s{� $t s 8BI�j� 3Z��Y��8B���
�Y�R� R$�ts�Z��R s�� ��t��sjjk tB� Zt$JZ� �B RZ}��Rk88���k� yt Ps{�� RB8� BP �Y� R$�ts�Z��R
s�� sjRB �-}�{��I P�B8 B�Y�� �Y�B�$�R A�kBtI �Y� 7�stIs�I �BI�j� ytR��sI BP {YsR$t� sPT
��� �Y�B���${sj 8BI�jR wsjj BP bY${Y �-{�}� }��Ys}R Bt� s�� b�Bt� stkbskD s R�� BP htsj
R�s��R bY${Y s�� RB8�bYs� ��t��${ �B 8stk t�b }YkR${R 8BI�jR� $t{jZI$t� RZ}��Rk88���${
8BI�jR� $R $I�t�$h�I� Vjj BP �Y�R� htsj R�s��R s�� {Ys�s{���$9�I Ak Y$�Y ox w�x D $RBjs��I
j�}�BtR\}YB�BtR b$�Y B� b$�YBZ� js��� 8$RR$t� ��stR%��R� 8B8�t�Z8 stI s�� �YZR �-}�{��I
�B Ys%� R8sjj }YkR${R stI $tR��Z8�t�sj As{,��BZtIR� yt �Y� PBjjBb$t�� b� I$R{ZRR R�j�{�$Bt
{�$���$s stI �R�$8s�� BAR��%sAj� As{,��BZtI {�BRR R�{�$BtR PB� R$- RZ{Y htsj R�s��RU

�� \ox I$T}YB�Bt �%�t�R b$�Y js��� \ox

�Ki \ox R$t�j�T}YB�Bt �%�t�R b$�Y AT`��R stI js��� \ox

�Iii \ox R$t�j� I$R}js{�I }YB�Bt �%�t�R b$�Y `��R stI js��� \ox

ffL QobQ? Y$�Y �x I$Tj�}�Bt �%�t�R b$�Y js��� $Bt$9s�$Bt �t���k

fffi \ox ��$Tj�}�Bt �%�t�R b$�Y `��R stI \ox

f�f�ii \ox j$,�TR$�t I$Tj�}�Bt �%�t�R b$�Y `��R stI \ox

V� �� \ox 3$tsj 7�s��

qY� *� ]BjjsAB�s�$Bt ��}B���I s R�s�{Y >�H PB� I$T}YB�Bt �%�t�R b$�Y js��� \ox w�� \ox

�%�t�RD 8B�$%s��I Ak RZ}��Rk88���${ 8BI�jR b$�Y s j$�Y� ��s%$�$tB w KtD sR �Y� jR} P�B8 s
Is�s Rs8}j� BP st $t����s��I jZ8$tBR$�k wRD BP d(E3n� x3E }A�d $t iZt y� qY� �� \ox �%�t�R
b��� R�j�{��I Ak ��JZ$�$t� �bB $I�t�$h�I }YB�BtR� Bt� b$�Y o�

x k 1( p�z stI �Y� B�Y�� b$�Y
o�
x k d1 p�z� �s{Y b$�Y$t }R�ZIB�s}$I$�k /��/ c d3d B� d3x c /��/ c 13(� stI s \ox ���s���

�Yst 1x p�z� qbB �%�t�R Rs�$Rh�I sjj ��JZ$��8�t�R�
qY� }�$t{$}sj As{,��BZtIR b��� 8Zj�$`��� I$��{� }YB�Bt� P L �� P L `��R� . � ��� stI

. � ++ � �� �%�t�R P�B8 7�stIs�I �BI�j }�B{�RR�R b$�Y 8$R$I�t�$h�I }YB�BtR stI\B�
8$R8�sRZ��I \ox � qY� tZ8A��R BP �R�$8s��I As{,��BZtI �%�t�R b��� 13d � (3� P�B8 \ox

8$R8�sRZ��8�t� w+]*D stI (31 � (3d P�B8 8$R$I�t�$h�I }YB�BtR wPs,�RD� qY$R j�I �B st
BAR��%�I As{,��BZtI {�BRR R�{�$Bt BP 1( PA P�B8 +]* stI BP 1 PA P�B8 Ps,�R $t iZt y� qY�
\ox I$R��$AZ�$BtR A�PB�� �Y� \ox {Z� PB� AB�Y {stI$Is��R stI As{,��BZtI �%�t�R s�� RYBbt $t
3$�� d� WB�� �Ys� �%�t�R b$�Y js��� \ox s�� �s���

7$t{� �Y� As{,��BZtIR s�� IB8$ts��I Ak �Y� \ox 8$R8�sRZ��8�t�� �Y�k {st A� R$�t$hT
{st�jk ��IZ{�I Ak �s$R$t� �Y� \ox {Z�� qY���PB��� �Y� PBjjBb$t� R�j�{�$Bt {�$���$s s�� ZR�I PB�
�Y� iZt yy R�ZI$�RU

dD V� j�sR� �bB }YB�BtR b$�Y o�
x k 1( p�z�

1D \oxk x( p�z�

;



qY� As{,��BZtIR b$�Y �Y$R R�� BP R�j�{�$Bt {�$���$s s�� �-}�{��I �B A� R$�t$h{st�jk ��IZ{�I
Ak �Y� $t{��sR�I {Z�B&R Bt \ox stI }YB�Bt ox stI Ak �Y� $8}�B%�I }YB�Bt $I�t�$h{s�$Bt�
qY� �B�sj BAR��%sAj� As{,��BZtI {�BRR R�{�$Bt $t iZt yy $R �R�$8s��I �B A� �K ) (3;w+]*DL
(31wPs,�RD ) (3E PA sRRZ8$t� ��IZ{�$Bt Ps{�B�R BP x P�B8 �Y� �s$R�I \ox {Z�B&� ; P�B8 �Y�
$8}�B%�I fwi � �D� n P�B8 �Y� Y$�Y�� }YB�Bt ox ��JZ$��8�t�� stI d( P�B8 �Y� I�{��sR�I
�� � Ps,� }�BAsA$j$�k�

E/ T (GeV)

E
ve

nt
s/

5 
G

eV

γγ sample

Background

2

4

6

8

10

12

14

0 10 20 30 40 50 60 70 80 90 100

3yp� d� qY� \ox I$R��$AZ�$BtR BP �Y� �� stI As{,��BZtI Rs8}j�R PB� iZt y� qY� tZ8A�� BP �%�t�R

b$�Y \oxc 1( p�z $t �Y� As{,��BZtI Rs8}j� $R tB�8sj$9�I �B �Ys� $t �Y� �� Rs8}j�� WB�� �Ys�

�Y��� $R s d; p�z \ox ��JZ$��8�t� $t �Y� ��$����� qY� \ox %sjZ�R }jB���I Y��� s�� {sj{Zjs��I B&Tj$t�

stI �Y���PB�� 8sk I$&�� P�B8 �Y�$� %sjZ�R s� �Y� ��$���� j�%�j�

 � �Ki \ox 3$tsj 7�s��

*� ]BjjsAB�s�$Bt {s��$�I BZ� s R�s�{Y >MH PB� R$t�j�T}YB�Bt �%�t�R b$�Y s� j�sR� �bB `��R
stI js��� \ox w�ii \ox �%�t�RD $t iZt y� qY� �ii \ox �%�t�R b��� R�j�{��I Ak ��JZ$�$t� s� j�sR�
Bt� $I�t�$h�I }YB�Bt b$�Y o�

x k 1( p�z stI b$�Y$t }R�ZIB�s}$I$�k �st��R /��/ c d3d B�
d3x c /��/ c 13(� �bB B� 8B�� `��R Ys%$t� oi

x k 1( p�z stI /�i/ c 13(� stI \ox k 1x p�z�
V �B�sj BP ndM �%�t�R b��� R�j�{��I P�B8 s Is�s Rs8}j� {B���R}BtI$t� �B st $t����s��I
jZ8$tBR$�k BP ��3;� x3; }A�d�

qY� }�$t{$}sj As{,��BZtIR b��� PBZtI �B A� +]* I$��{� }YB�Bt stI 8Zj�$`�� �%�t�R�
bY��� �Y��� bsR 8$R8�sRZ��I \ox stI s ��sj B� Ps,� }YB�Bt� qY� tZ8A�� BP �%�t�R P�B8
�Y$R RBZ�{� bsR �R�$8s��I �B A� ndx � n(� !�Y�� As{,��BZtIR RZ{Y sR �YBR� P�B8 P b$�Y
�j�{��BtR 8$R$I�t�$h�I sR }YB�BtR b��� PBZtI �B A� R8sjj� {Bt��$AZ�$t� x � d �%�t�R� qY$R
j�I �B st BAR��%�I As{,��BZtI {�BRR R�{�$Bt BP n�1(( PA P�B8 �Y� \ox 8$R8�sRZ��8�t� stI BP
x( PA P�B8 �Y� Ps,�R� qY� \ox I$R��$AZ�$Bt A�PB�� �Y� \oxk 1x p�z {Z� $R RYBbt $t 3$�� 1� VR

x



RYBbt $t �Y� h�Z��� �Y� As{,��BZtIR {st A� R$�t$h{st�jk ��IZ{�I Ak �s$R$t� �Y� ��JZ$��8�t�
Bt \ox �

e%�t�R b$�Y s Y$�Y ox }YB�Bt� AT`��R stI js��� \ox s�� �-}�{��I $t RB8� t�b }YkR${R
8BI�jR� qY�R� �%�t�R� ��P����I �B sR �Ki \ox � s�� $t 8stk bskR R$8$js� �B �Y� �ii \ox �%�t�R
stI �Y���Ak {st A� R�j�{��I R$8$js�jkU

dD V� j�sR� Bt� }YB�Bt b$�Y o�
x k 1( p�z�

1D V� j�sR� �bB `��R b$�Y oi
x k 1( p�z�

nD V� j�sR� Bt� `�� $R �s���I sR s ATJZs�, `�� b$�Y oK
x k 1( p�z�

;D \oxk x( p�z�

xD WB j�}�BtR b$�Y of
x k 1( p�z�

qY� As{,��BZtIR P�B8 �Y� +]* 8Zj�$`�� �%�t�R b$�Y ��sj B� 8$R$I�t�$h�I }YB�BtR stI
P�B8 �Y� G �%�t�R b$�Y �j�{��BtR Ps,$t� }YB�BtR s�� �R�$8s��I �B A� (�En PA� sRRZ8$t�
As{,��BZtI ��IZ{�$Bt Ps{�B�R BP x P�B8 �Y� �s$R�I \ox ��JZ$��8�t�� 1 P�B8 �Y� $8}�B%�I
}YB�Bt $I�t�$h{s�$Bt stI ZR$t� �Y� sRRZ8�I %sjZ� BP fwi � KD� qY� IB8$tst� As{,��BZtI
RBZ�{�R s�� �-}�{��I �B A� �K�K stI �0�0 �%�t�R� qY�R� As{,��BZtI RBZ�{�R {sttB� A� ��IZ{�I
Ak �Y� �s��$t� BP AT`��R� <Bb�%��� �Y� �K�K {Bt��$AZ�$Bt $R �-}�{��I �B A� R8sjj IZ� �B
�Y� js��� \ox ��JZ$��8�t�� �Bt�� ]s�jB R�ZI$�R RYBb �Ys� $� $R t��j$�$Aj�� qY� �0�0 wb$�Y
0�0 � PLP�K�KD {Bt��$AZ�$Bt $R ��IZ{�I Ak �Y� ��JZ$��8�t�R ;D stI xD stI $R �R�$8s��I
ZR$t� �Y� {�BRR R�{�$Bt BP i�P� >�H� V �B�sj BP (�� PA BAR��%sAj� As{,��BZtI {�BRR R�{�$Bt $R
sRRZ8�I�

]� �Iii \ox 3$tsj 7�s��

_YB�BtR }�BIZ{�I s� R�{BtIs�k %���${�R s�� }��I${��I $t s {jsRR BP t�b }YkR${R 8BI�jR�
qY�R� }YB�BtR b$jj s}}�s� �B Ys%� js��� %sjZ�R BP I{s� qYBZ�Y I�s8s�${� �Y�k sjBt� s��
Ztj$,�jk �B A� RZ^{$�t� �B ��IZ{� As{,��BZtIR P�B8 {BR8${ �skR B� P�B8 8$R8�sRZ��8�t��
G� �Y���PB�� R�j�{� �%�t�R b$�Y I$R}js{�I }YB�BtR s{{B8}st$�I Ak `��R stI js��� \ox U

dD V� j�sR� Bt� I$R}js{�I }YB�Bt b$�Y o�I

x k 1( p�z�

1D V� j�sR� �bB `��R b$�Y oi
x k 1( p�z�

nD \oxk x( p�z�

qY�R� s�� {sjj�I �Iii \ox �%�t�R� qY� IB8$tst� As{,��BZtIR s�� �Y� Rs8� sR �YBR� PB� �Y�
�ii \ox �%�t�R� b$�Y s %����-T}B$t�$t� }YB�Bt A�$t� 8$R$I�t�$h�I sR s I$R}js{�I }YB�Bt�
=R$t� fw� � �ID� �Y� BAR��%sAj� As{,��BZtI {�BRR R�{�$Bt P�B8 +]* stI G �%�t�R $R
�R�$8s��I �B A� (�E PA�

E



E/ T (GeV)

E
ve

nt
s 

/ 2
.5

 G
eV

Background
γ + ≥ 2 jets

1

10

10 2

10 3

0 20 40 60 80 100 120 140

3yp� 1� qY� \ox I$R��$AZ�$BtR BP �Y� �ii stI As{,��BZtI �%�t�R� qY� tZ8A�� BP �%�t�R $t �Y�

As{,��BZtI $R tB�8sj$9�I �B �Y� �ii Rs8}j� PB� \ox c 1( p�z� �Y� ���$Bt j�P� BP �Y� IB�TIsRY�I

j$t��

*� <$�Y �x ffL QobQ? 3$tsj 7�s��

!t� }BRR$Aj� t�b }YkR${R R$�ts�Z�� $R �Y� }��R�t{� BP Y�s%k R�sAj� {Ys���I }s��${j�R�
qY�R� }s��${j�R� $P }�BIZ{�I� b$jj 8st$P�R� �Y�8R�jP $t �Y� I���{�B� sR RjBbjk 8B%$t� 8ZBtR
b$�Y js��� $Bt$9s�$Bt �t���k jBRR�R� qYBZ�Y *� YsI R�%��sj I$Tj�}�Bt stsjkR�R $t iZt y�
tBt� BP �Y�R� {st A� �-��s}Bjs��I �B iZt yy� �Yst,R �B �Y� ��}js{�8�t� BP �Y� {�t��sj
��s{,���  sR�I Bt �Y� �-}�{��I R$�ts�Z��R BP R�%��sj RZ}��Rk88���${ 8BI�jR b$�Y Y�s%k
R�sAj� {Ys���I }s��${j�R I$R{ZRR�I A�jBb� b� R�j�{� Y$�Y �x I$Tj�}�Bt �%�t�R wff L QobQ?D
b$�Y js��� QobQ? jBRR ZR$t� �Y� PBjjBb$t� ��JZ$��8�t�RU

dD V� j�sR� �bB j�}�BtR b$�Y �fx k x( p�z�

1D -ff k dx( p�z�

nD V� j�sR� Bt� j�}�Bt }sRR$t� �Y� QobQ? ��JZ$��8�t��

qY� I$Tj�}�Bt 8sRR ��JZ$��8�t� $R $t��tI�I �B ��IZ{� *��jjTOst As{,��BZtIR� qY� }�$t{$}sj
As{,��BZtIR s��U +]* I$`�� �%�t�R b$�Y `��R 8$R$I�t�$h�I sR j�}�BtR� 0�0� stI *��jjTOst
�%�t�R� =R$t� fwi � fD ) d(�; stI �Y� sRRZ8�I ��`�{�$Bt Ps{�B� BP �Y� QobQ? {Z� PB�
�Y� �y_ }s��${j�R� �Y� BAR��%sAj� As{,��BZtI {�BRR R�{�$BtR s�� �R�$8s��I �B A� (�d PA P�B8
+]* I$`��� (�1 PA P�B8 0�0 �%�t�R� stI (�1 PA P�B8 *��jjTOst }�B{�RR�R� qY� +]* I$`�� {�BRR
R�{�$Bt PB� �x k x( p�z $R sRRZ8�I �B A� d  A $t �Y� �R�$8s�$Bt� qY� �B�sj BAR��%sAj� {�BRR
R�{�$Bt $R �Y���PB�� (�x PA PB� �Y� sAB%� R�j�{�$Bt�

�



e� fffi \ox 3$tsj 7�s��

*� R�s�{Y�I PB� �sZ�$tB }s$� }�BIZ{�$Bt ZR$t� �Y� ��$Tj�}�Bt R$�ts�Z�� >d(H $t iZt y� qY�
j�}�Bt �x {Z� bsR �k}${sjjk dx p�z PB� �Y� j�sI$t� j�}�Bt stI x p�z PB� �Y� tBtTj�sI$t�
j�}�BtR� qY� stsjkR$R sjRB YsI s R8sjj \ox ��JZ$��8�t�� qY� BAR��%sAj� As{,��BZtI {�BRR
R�{�$Bt bsR �R�$8s��I �B A� s�BZtI dn PA� �BR� BP �Y�R� As{,��BZtIR s�� IZ� �B *��jjTOst
}�B{�RR�R� G� R�j�{� �Y� fffi \ox �%�t�R ZR$t� �Y� PBjjBb$t� {�$���$sU

dD �fdx k dx p�z� �f1x k x p�z� �fnx k x p�z�

1D \oxk 1( p�z�

nD V� j�sR� Bt� `�� b$�Y oi
x k 1( p�z�

qY� *��jjTOst }�BIZ{�$Bt� s 8s`B� As{,��BZtI RBZ�{� PB� �Y� iZt y stsjkR$R� $R R$�t$h{st�jk
��IZ{�I Ak �Y� t�b `�� ��JZ$��8�t�� qY� �B�sj BAR��%sAj� As{,��BZtI {�BRR R�{�$Bt $R �R�$T
8s��I �B A� (�n PA sRRZ8$t� As{,��BZtI ��IZ{�$Bt Ps{�B�R BP d( P�B8 �Y� `�� ��JZ$��8�t�� 1
P�B8 �Y� $8}�B%�I }s��${j� $I�t�$h{s�$Bt� 1 P�B8 �Y� Y$�Y�� \ox {Z��

3� f�f�ii \ox 3$tsj 7�s��

N$,�TR$�t I$Tj�}�Bt �%�t�R s�� �-}�{��I P�B8 }�B{�RR�R RZ{Y sR �jZ$tB }s$� }�BIZ{�$Bt�
qY�k s�� sjRB �-}�{��I P�B8 }�B{�RR�R b$�Y �Y��� B� 8B�� j�}�BtR $t �Y� htsj R�s��R� AZ� Btjk
�bB s�� $I�t�$h�I� qY$R htsj R�s�� $R �-}�{��I �B Ys%� R8sjj As{,��BZtIR� V�s$t b$�YBZ� s
8s�t��${ ��s{,��� *� YsI tB stsjkR$R BP �Y$R ts�Z�� $t iZt y�  sR�I Bt �Bt�� ]s�jB R�ZI$�R
PB� R�%��sj RZ}��Rk88���${ 8BI�jR� b� R�j�{� f�f�ii \ox �%�t�R ZR$t� �Y� PBjjBb$t� {�$���$sU

dD qbB j$,�TR$�t j�}�BtR b$�Y �fx k dx p�z�

1D V� j�sR� �bB `��R b$�Y oi
x k 1( p�z�

nD \oxk 1x p�z�

e%�t�R b$�Y �Y��� B� 8B�� $I�t�$h�I j�}�BtR s�� ��8B%�I �B 8s,� �Y� Rs8}j� B��YB�Btsj
�B �Y� fffi \ox Rs8}j�� 7$t{� j�}�BtR s�� ��js�$%�jk RBP� $t �x PB� �Y� t�b }YkR${R 8BI�j
b� $t%�R�$�s��I ZR$t� �Y$R R�j�{�$Bt� �Y� �&�{� BP {Ys��� {BtPZR$Bt IZ� �B s j$8$��I ��s{,$t�
��RBjZ�$Bt $R �YZR t��j�{��I $t �Y$R R�ZIk� qY� 8s`B� As{,��BZtIR s��U P L `��R �%�t�R
b$�Y Bt� BP �Y� `��R 8$R$I�t�$h�I sR s j�}�Bt� 0�0 �%�t�R b$�Y �t�����${ j�}�BtR P�B8 ATJZs�,
I�{skR� stI *��jjTOst wP.� ..D �%�t�R� qY� P L `��R As{,��BZtI $R �R�$8s��I ZR$t� �Y�
tZ8A�� BP P L ni �%�t�R BAR��%�I $t iZt y PBjI�I b$�Y fwi � fD �B A� (�1 PA� qY� 0�0 stI
*��jjTOst As{,��BZtIR s�� �R�$8s��I ZR$t� �Bt�� ]s�jB �B A� (�d stI (�d PA ��R}�{�$%�jk�
VII$t� �Y� �Y��� As{,��BZtI RBZ�{�R �B���Y�� k$�jIR s �B�sj BAR��%sAj� As{,��BZtI {�BRR
R�{�$Bt BP (�; PA�

M



yz� ]!W7qiVyWq7 !W p�7 �!*eN7

qY� RZ}��Rk88���${ 8BI�jR b$�Y �sZ�� 8�I$s��I RZ}��Rk88���k A��s,$t� s�� {Ys�s{T
���$9�I Ak s RZ}��Rk88���k A��s,$t� R{sj� � sR jBb sR d(( q�z stI s j$�Y� ��s%$�$tB bY${Y $R
ts�Z�sjjk �Y� j$�Y��R� RZ}��Rk88���${ }s��${j�� yt �Y�R� 8BI�jR� RZ}��Rk88���k $R sRRZ8�I
�B A� A�B,�t $t s Y$II�t R�{�B� stI �Y� Rk88���k A��s,$t� $R ��stR8$���I �B �Y� %$R$Aj� R�{T
�B� BP 7�stIs�I �BI�j }s��${j�R stI �Y�$� RZ}��}s��t��R �Y�BZ�Y �Y� 7�stIs�I �BI�j �sZ��
$t���s{�$BtR� qY� 8$t$8Z8 �sZ�� 8�I$s��I RZ}��Rk88���k A��s,$t� 8BI�j $R I�R{�$A�I Ak
h%� }s�s8����RU

�U RZ}��Rk88���k A��s,$t� R{sj�

-EU 8�RR�t��� R�{�B� R{sj�

] U tZ8A�� BP 8�RR�t���R

�st#U �s�$B BP �Y� %���% BP �Y� �bB Y$��R IBZAj��R

R$�tw DU R$�t BP �Y� Y$��R 8sRR }s�s8����

qY� }Y�tB8�tBjB�k $R js���jk I����8$t�I Ak �Y� t�-�T�BTj$�Y��R� RZ}��Rk88���${ }s��${j�
bY${Y $t �Z�t I�}�tIR Bt �Y� %sjZ�R BP �Y� sAB%� h%� }s�s8����R� 3B� s ��%$�b BP p�7 
8BI�jR� R�� i�P� >1H� yt �Y� PBjjBb$t�� b� I$R{ZRR �-}�{��I R�tR$�$%$�$�R b$�Y $t����s��I
jZ8$tBR$�$�R BP 1� n( PA�d PB� PBZ� I$&���t� 8BI�j j$t�R I�ht�I Ak �Y� bB�,$t� ��BZ}� es{Y
8BI�j j$t� YsR s I$&���t� tjR}� Vjj �Y�B���${sj �-}�{�s�$BtR stI R$�tsj �^{$�t{$�R s��
BA�s$t�I P�B8 �Y� yRsa�� �] }�B��s8� V 8$t$8Z8 �x BP x( p�z BP �Y� Ys�I R{s����$t�
$R s}}j$�I PB� sjj R$�tsj }�B{�RR�R� G� I�ht� �Y� R$�t$h{st{� w]Xb&]KD sR �Y� �s�$B A��b��t
�Y� tZ8A�� w]XD BP �-}�{��I R$�tsj �%�t�R stI �Y� ���B� w&]KD Bt �Y� �R�$8s��I tZ8A��
BP As{,��BZtI �%�t�R� <��� s 1(0 RkR��8s�${ Zt{���s$t�k $R sRRZ8�I PB� sjj �R�$8s��I
BAR��%sAj� As{,��BZtI {�BRR R�{�$BtR� qY���PB���

&]K )
�
R N �K L w(31 N R N �KD1

G� {Ys�s{���$9� �Y� R�tR$�$%$�k ZR$t� �Y� 8$t$8Z8 R$�tsj {�BRR R�{�$Bt �Q7X PB� s x R�stIs�I
I�%$s�$Bt wx�D I$R{B%��kU

]X

&]K

)
R N �Q7X N 6

&]K

) x

bY��� 6 $R �Y� �^{$�t{k PB� �Y� R$�tsj� qY� 8$t$8Z8 BAR��%sAj� R$�tsj {�BRR R�{�$Bt �LKX
I�ht�I sR �Q7X N 6 PB� �Y� I$R{B%��k $R �Y���PB�� $tI�}�tI�t� BP R$�tsj }�B{�RR�R� qY� �LKX sR s
PZt{�$Bt BP R PB� R�%��sj I$&���t� %sjZ�R BP �K s�� RYBbt $t 3$�� n� y� I�{��sR�R I�s8s�${sjjk
sR R $t{��sR�R PB� R8sjj R %sjZ�R stI 4s���tR BZ� PB� js��� R %sjZ�R� ]j�s�jk� �Y� R�tR$�$%$�k
{st A� $8}�B%�I PB� js��� R %sjZ�R Ak �$�Y��t$t� �Y� {Z�R �B ��IZ{� As{,��BZtIR PZ��Y���

yt �Y� PBjjBb$t�� b� �-}��RR �Y� x� I$R{B%��k {�BRR R�{�$BtR sR PZt{�$BtR BP �Y� RZ}��T
Rk88���k A��s,$t� R{sj� � stI �Y� j$�Y��� {Ys��$tB wK��d D 8sRR PB� �Y� PBZ� I$&���t� 8BI�j
j$t�R�

�



Integrated Luminosity (fb-1)

O
bs

er
va

bl
e 

S
ig

na
l σ ob

s (
fb

)

σb=0.6 fb
σb=0.5 fb
σb=0.4 fb
σb=0.3 fb

1

10

0 5 10 15 20 25 30

3yp� n� qY� 8$t$8Z8 BAR��%sAj� R$�tsj {�BRR R�{�$Bt �LKX PB� s x� I$R{B%��k sR s PZt{�$Bt BP

$t����s��I jZ8$tBR$�k PB� PBZ� I$&���t� %sjZ�R BP As{,��BZtI {�BRR R�{�$BtR�

V� �BI�j N$t� dU K�(d sR �Y� WN7_

G$�Y$t �Y� P�s8�bB�, BP �Y� 8$t$8sj p�7 8BI�jR� K�(d $R �Y� tjR} PB� 8BR� BP �Y�
}s�s8���� R}s{�� yP �Y� K�(d YsR s tBtT9��B }YB�$tB {B8}Bt�t�� $� $R ZtR�sAj� stI I�{skR �B
s }YB�Bt }jZR s ��s%$�$tB wK�(d � � KtD b$�Y s A�st{Y$t� �s�$B BP t�s�jk d((0� *�}�tI$t�
Bt $�R j$P��$8�� }s$� }�BIZ{�$Bt BP RZ}��Rk88���${ }s��${j�R b$jj ��RZj� $t �� \ox � � \ox � stI
\oxL� �%�t�R� 3B� �Y� }Z�}BR� BP �Y$R R�ZIk� b� {BtR$I�� s {jsRR BP 8BI�jR b$�Y �Y� PBjjBb$t�
}s�s8����R h-�IU

] ) d,
-E

�
) 1, �st# ) 13x,  k (

bY$j� � $R sjjBb�I �B %s�k� 3B� �Y� �st�� BP � %sjZ�R BP $t����R� s� �Y� q�%s��Bt� �Y� RZ}��T
Rk88���k }�BIZ{�$Bt {�BRR R�{�$Bt $R IB8$ts��I Ak K��d K�

�

d stI K�
�

d K�
(
1 }�BIZ{�$Bt� 3$�Z�� ;

RYBbR �Y� R{Y�8s�${ I�{sk {Ys$tR BP K��d stI K�
(
1 b$�Y �Y�$� A�st{Y$t� �s�$BR PB� � ) d(( q�z�

yt �Y� PBjjBb$t�� R{�ts�$BR b$�Y }�B8}� stI I�jsk�I K�(d I�{skR s�� I$R{ZRR�I� yP �Y� K�
(
d $R

JZsR$TR�sAj�� $��� b$�Y s jBt� j$P��$8�� �Y� R$�ts�Z�� b$jj A� $I�t�${sj �B �Ys� BP �Y� RZ}��T
Rk88���${ 8BI�jR b$�Y ��s%$�k 8�I$s�$Bt�

d� _�B8}� K�(d � � Kt *�{sk

yP �Y� K�(d I�{skR $t �Y� %${$t$�k BP �Y� }�BIZ{�$Bt %����-� �� \ox �%�t�R s�� �-}�{��I�
qY� I$R��$AZ�$BtR BP }YB�Bt ox stI �%�t� \ox PB� � ) M(, d;( q�z s�� RYBbt $t 3$�� x�
qY�R� �%�t�R �k}${sjjk Ys%� Y$�Y ox }YB�BtR �B���Y�� b$�Y js��� ��stR%��R� 8B8�t�Z8
$8Asjst{�R� stI �Y���PB�� {st A� R�j�{��I ZR$t� �Y� �� \ox {�$���$s I$R{ZRR�I $t 7�{�$Bt yyyV�
qsAj� y RYBbR �Y� I���{�$Bt �^{$�t{$�R� R$�t$h{st{�R sjBt� b$�Y �Y� �B�sj �Y�B���${sj {�BRR

d(



M
as

s 
S

ca
le

 (
G

eV
)

Λ=100 TeV

χ
~±

1

χ
~0

1

τ
~

1

G
~

W
 (

97
)

γ 
(9

5)
Z

 (
3)

 +
 e

+
e-  (

2)
ν 

(3
)

τ
(1

00
)

χ
~0

2

χ
~0

1

L
~

G
~

h 
(7

4)
γ 

(9
5)

Z
 (

3)
 +

 e
+
e-  (

2)
L 

(2
5)

L
(1

00
)

0

50

100

150

200

250

300

3yp� ;� *�{sk R{Y�8s�${R BP K��d stI K�(1 PB� � ) d(( q�z PB� �Y� 8BI�j j$t� b$�Y s K�(d sR �Y�

tjR}� _��{�t�s�� A�st{Y$t� �s�$BR PB� 8s$t I�{sk 8BI�R s�� RYBbt $t }s��t�Y�R�R�

R�{�$BtR BP RZ}��Rk88���k� {Ys��$tB stI t�Z��sj$tB 8sRR�R PB� I$&���t� %sjZ�R BP �� 3$�Z�� E
{B8}s��R �Y� x� I$R{B%��k {�BRR R�{�$BtR �Q7X b$�Y �Y� �Y�B���${sj {�BRR R�{�$BtR �-}�{��I
P�B8 RZ}��Rk88���k PB� �bB I$&���t� %sjZ�R BP R sR PZt{�$BtR BP �Y� j$�Y��� {Ys��$tB 8sRR
EK��

d

wstI �Y� RZ}��Rk88���k A��s,$t� R{sj� �D� qY� j$�Y��� {Ys��$tB b$�Y 8sRR Z} �B 1�(�

n;( p�z {st A� I$R{B%���I PB� R)1� n( PA�d ��R}�{�$%�jk�

� wq�zD E( M( d(( d1( d;( dE(

�0_ wPAD ;E; d(x 1� ��� 1�1 (��

E
K��
d

wp�zD dnM d�; 1;� n(; nx� ;d(

EK�(
d

wp�zD �x d(; dn1 dE( dMM 1dE

6 w0D dE�d 1;�n 1M�1 n(�d n(�E n(�1

]Xb&]K w1 PA
�dD dnE ;E d; ;�1 d�1 (�;

]Xb&]K wn( PA
�dD ;(( dn� ;d d1 n�E d�d

qV Ne y� qY� RZ}��Rk88���k {�BRR R�{�$Bt w�0_D� K�
�

d stI K�(d 8sRR�R� I���{�$Bt �^{$�t{k BP

�Y� �� \ox R�j�{�$Bt� stI R$�t$h{st{�R PB� I$&���t� %sjZ�R BP � PB� �Y� 8BI�jR b$�Y s RYB��Tj$%�I K�
(
d

sR �Y� tjR} w8BI�j j$t� dD� qY� ��js�$%� R�s�$R�${sj ���B� Bt �Y� �^{$�t{k $R �k}${sjjk 10� qY�

BAR��%sAj� As{,��BZtI {�BRR R�{�$Bt $R sRRZ8�I �B A� (�E PA b$�Y s 1(0 RkR��8s�${ Zt{���s$t�k�

1� *�jsk�I K�(d � � Kt *�{sk

yP �Y� K�(d YsR s R$�t$h{st� j$P��$8�� �Y� }YB�Bt P�B8 $�R I�{sk 8sk tB� }B$t� As{, �B
�Y� }�$8s�k %����-� yP �Y� I�{sk B{{Z�R $tR$I� �Y� ��s{,$t� %BjZ8� BP �Y� *� I���{�B�� �Y�

dd



ET
γ  (GeV)

(a)

m(χ
~

1
±)=194 GeV

m(χ
~

1
±)=357 GeV

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0 50 100 150 200 250 300

E/ T (GeV)

(b)

m(χ
~

1
±)=194 GeV

m(χ
~

1
±)=357 GeV

0

0.02

0.04

0.06

0.08

0.1

0.12

0 50 100 150 200 250 300

3yp� x� *$R��$AZ�$BtR BP wsD }YB�Bt ox stI wAD �%�t� \ox PB� � ) M(, d;( q�z

wE
K��
d

) d�;, nx� p�zD PB� �Y� 8BI�jR b$�Y s RYB��Tj$%�I K�(d sR �Y� tjR}� qY� %���${sj IsRY�I

j$t�R $tI${s�� �Y� {Z�B&R� Vjj I$R��$AZ�$BtR s�� tB�8sj$9�I �B Ys%� Zt$� s��s�

Chargino Mass (GeV)

Λ (TeV)

C
ro

ss
 S

ec
tio

n 
(f

b)

Theory

2 fb-1

5σ lines
30 fb-1

Neutralino NLSP

150 200 250 300 350 400

60 80 100 120 140 160

1

10

10 2

3yp� E� qY� x� I$R{B%��k {�BRR R�{�$Bt {Z�%�R sR PZt{�$BtR BP 8sRR BP �Y� j$�Y��� {Ys��$tB wstI

�Y� RZ}��Rk88���k A��s,$t� R{sj� �D sjBt� b$�Y �Y� �Y�B���${sj {�BRR R�{�$BtR PB� �Y� 8BI�j j$t�

d� qY� tjR} K�(d $R sRRZ8�I �B A� RYB��Tj$%�I� qbB {Z�%�R {B���R}BtI$t� �B $t����s��I jZ8$tBR$�$�R

BP 1 stI n( PA�d s�� RYBbt�

d1



cτ (cm)

<D
is

ta
nc

e>
 (

cm
)

(a)

Decay Distance

DCA

m(χ
~

1
±)=249 GeV

0

100

200

300

400

500

600

700

800

0 100 200 300 400 500

cτ (cm)

P
ro

ba
bi

lit
y

(b)

detectable

DCA>5.0 cm

m(χ
~

1
±)=249 GeV

0

0.2

0.4

0.6

0.8

1

0 100 200 300 400 500

3yp� �� wsD V%��s�� I�{sk I$R�st{� stI I{s PB� I$&���t� %sjZ�R BP }�B}�� I�{sk I$R�st{� �+

BP �Y� tjR} K�(d� wAD qY� }�BAsA$j$�k �Ys� s }YB�Bt I�{skR b$�Y$t �Y� ��s{,$t� %BjZ8� stI �Y�

}�BAsA$j$�k �Ys� RZ{Y s }YB�Bt YsR $�R I{sk x {8 sR PZt{�$BtR BP �+ � WB�� �Ys� � ) d(( q�z

wE
K��
d

) 1;� p�zD PB� AB�Y }jB�R�

}YB�Bt $R �-}�{��I �B ��s%��R� R�stIs�I �j�{��B8s�t��${ I���{�B�R w�Y� }��RYBb�� I���{�B�R
stI �Y� �j�{��B8s�t��${ {sjB�$8����D� y�� �Y���PB��� {st A� $I�t�$h�I� <Bb�%��� $P �Y� I�{sk
B{{Z�R BZ�R$I� �Y� ��s{,$t� I���{�B�� �Y� }YB�Bt $I�t�$h{s�$Bt $R }�BAj�8s�${� 3B� �Y$R R�ZIk�
b� sRRZ8� �Ys� �Y� }YB�Bt $R $I�t�$hsAj� $P $� $R }�BIZ{�I $tR$I� s {kj$tI�� I�ht�I Ak �Y�
*� ��s{,$t� %BjZ8� w� c x( {8 stI /F/ c d1( {8D stI $R jBR� $P $� $R }�BIZ{�I BZ�R$I� �Y�
{kj$tI��� 3$�Z�� �wsD RYBbR �Y� s%��s�� I�{sk I$R�st{� stI I$R�st{� BP {jBR�R� s}}�Bs{Y BP
�Y� K�(d sR PZt{�$BtR BP $�R }�B}�� I�{sk j�t��Y w{+ D PB� � ) d(( q�z� *Z� �B $�R Y�s%k 8sRR�
�Y� NB��t�9 ABBR� PB� �Y� K�(d $R �k}${sjjk R8sjj w� � d3xD� qY� }�BAsA$j$�$�R �Ys� s }YB�Bt
$R $I�t�$hsAj� stI �Ys� st $I�t�$hsAj� }YB�Bt YsR I{sk x {8 sR PZt{�$BtR BP �Y� K�(d }�B}��
I�{sk I$R�st{� �+ s�� RYBbt $t 3$�� �wAD� s�s$t PB� � ) d(( q�z� *$R��$AZ�$BtR PB� B�Y�� �
%sjZ�R s�� R$8$js�� 3$�Z�� M RYBbR `�� 8Zj�$}j${$�k stI ox I$R��$AZ�$BtR PB� � ) M(, d;( q�z�
�BR� BP �Y�R� �%�t�R Ys%� js��� ox `��R stI �YZR {st A� R�j�{��I ZR$t� �Y� �Iii \ox R�j�{�$Bt
{�$���$s I$R{ZRR�I sAB%�� qY� I���{�$Bt �^{$�t{$�R stI �Y� �-}�{��I R$�t$h{st{�R BP �Y�
�Iii \ox R�j�{�$Bt PB� �+ ) x( {8 s�� �sAZjs��I $t qsAj� yy sR st �-s8}j�� qY� �R�$8s��I
x� I$R{B%��k ��s{Y�R $t � stI {Ys��$tB 8sRR PB� I$&���t� %sjZ�R BP �+ s�� RYBbt $t 3$�� �
sjBt� b$�Y �YBR� �-}�{��I P�B8 �Y� �� \ox stsjkR$R� VR �-}�{��I� �Y� �� \ox stsjkR$R YsR s
R��Bt��� I�}�tI�t{� Bt �+ �Yst �Y� �Iii \ox stsjkR$R�

 � �BI�j N$t� 1U K+d sR �Y� WN7_

yP K+d w�Y� j$�Y��� BP �Y� �bB 8$-�I R�s��R BP K+p stI K+UD $R j$�Y��� �Yst K�(d� sjj RZ}��T
Rk88���${ }s��${j�R b$jj {sR{sI� $t�B �Y� K+d bY${Y $t �Z�t b$jj I�{sk �B + Kt b$�Y s d((0

dn



NJET

(a)

m(χ
~

1
±)=194 GeV

m(χ
~

1
±)=357 GeV

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0 1 2 3 4 5 6 7 8 9 10

ET
j  (GeV)

(b)

m(χ
~

1
±)=194 GeV

m(χ
~

1
±)=357 GeV

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0 50 100 150 200 250 300

3yp� M� *$R��$AZ�$BtR BP wsD `�� 8Zj�$}j${$�k stI wAD `�� ox PB� � ) M(, d;( q�z

wE
K��
d

) d�;, nx� p�zD PB� �Y� 8BI�jR b$�Y K�(d sR �Y� tjR}� Vjj I$R��$AZ�$BtR s�� tB�8sj$9�I

�B Ys%� Zt$� s��s�

� wq�zD E( M( d(( d1( d;( dE(

�0_ wPAD ;E; d(x 1� ��� 1�1 (��

E
K��
d

wp�zD dnM d�; 1;� n(; nx� ;d(

EK�(
d

wp�zD �x d(; dn1 dE( dMM 1dE

6 w0D dd�1 1n�E nd�d nn�n nn�1 n1�d

]Xb&]K w1 PA
�dD �n ;; dx ;�E d�n (�;

]Xb&]K wn( PA
�dD 1�M dnn ;x d; n�� d�1

qV Ne yy� qY� I���{�$Bt �^{$�t{k BP �Y� �Iii \ox R�j�{�$Bt� stI �Y� R$�t$h{st{�R PB� I$&���t�

%sjZ�R BP � PB� �Y� 8BI�jR b$�Y K�(d sR �Y� tjR}� qY� K�
(
d }�B}�� I�{sk I$R�st{� �+ $R sRRZ8�I �B A�

x( {8� qY� ��js�$%� R�s�$R�${sj ���B� Bt �Y� �^{$�t{k $R �k}${sjjk 10� qY� BAR��%sAj� As{,��BZtI

{�BRR R�{�$Bt $R sRRZ8�I �B A� (�E PA b$�Y s 1(0 RkR��8s�${ Zt{���s$t�k�

d;



C
ha

rg
in

o 
M

as
s 

(G
eV

)

cτ (cm)

Λ
 (

T
eV

)

Neutralino NLSP

30 fb-1

 2 fb-1

30 fb-1

 2 fb-1γγE/
T  Analysis

γ'jjE/
T Analysis

50

100

150

200

250

300

350

400

0 100 200 300 400 500

50

100

150

200

250

300

350

400

20

40

60

80

100

120

140

160

3yp� �� qY� x� I$R{B%��k ��s{Y�R BP �Y� �Iii \ox stI �Y� �� \ox stsjkR�R $tEK��
d

stI � sR PZt{�$BtR

BP �Y� }�B}�� I�{sk I$R�st{� BP �Y� K�(d tjR} PB� R)1� n( PA
�d�

A�st{Y$t� �s�$B� qY$R {jsRR BP 8BI�jR $R I�ht�I Ak PBjjBb$t� }s�s8���� %sjZ�RU

] ) 1,
-E

�
) n, �st# ) dx,  k (

b$�Y %s�k$t� �� V�s$t� K��d K�
�

d stI K��d K�
(
1 IB8$ts�� �Y� }�BIZ{�$Bt {�BRR R�{�$Bt PB� � c�

�x q�z� 3B� � %sjZ�R sAB%� �x q�z� K+dK+d� K�pK�p� stI K pK p }�BIZ{�$BtR A�{B8� $8}B��st��
VR st �-s8}j�� A�st{Y$t� �s�$BR BP K��d stI K�(1 PB� � ) ;( q�z s�� ��s}Y${sjjk I$R}jsk�I
$t 3$�� d(� yt �Y� PBjjBb$t�� �bB {sR�R {B���R}BtI$t� �B RYB��Tj$%�I stI JZsR$TR�sAj� K+dR s��
I$R{ZRR�I� y� RYBZjI A� tB��I �Ys� �Y� �bB stsjkR�R I$R{ZRR�I A�jBb s�� sjRB R�tR$�$%� �B �Y�
{sR� b$�Y s $t���8�I$s�� K+d j$P��$8��

d� _�B8}� K+d � + Kt *�{sk

yP �Y� K+d $R RYB��Tj$%�I stI I�{skR $t �Y� %${$t$�k BP �Y� }�BIZ{�$Bt %����- w$��� b$�Y s
I�{sk I$R�st{� ��+ c� d( {8D� stB8sjBZR + }�BIZ{�$Bt $R �-}�{��I P�B8 RZ}��Rk88���k�
qB���Y�� b$�Y �Y� P 	b.	 }�BIZ{�$BtR P�B8 �Y� {sR{sI� I�{skR BP }�$8s�k RZ}��Rk88���${
}s��${j�R� �Y�R� �%�t�R b$jj �$%� �$R� �B fffi \ox stI f�f�ii \ox htsj R�s��R� qY� j�}�Bt �x
I$R��$AZ�$BtR BP �Y� fffi \ox stI f

�f�ii \ox �%�t�R s�� RYBbt $t 3$�� dd� 7$t{� 8BR� j�}�BtR
s�� }�BIZ{�I $t + I�{skR� �Y�$� �x R s�� ��js�$%�jk RBP�� qsAj� yyy RYBbR �Y� �^{$�t{$�R BP
�Y� fffi \ox stI f�f�ii \ox R�j�{�$Bt {�$���$s PB� �Y�R� �%�t�R sjBt� b$�Y �Y� �Y�B���${sj {�BRR
R�{�$BtR� K��d stI K+d 8sRR�R� WB�� �Ys� �Y� fffi \ox stI f�f�ii \ox {�$���$s s�� B��YB�Btsj�
qY� �^{$�t{$�R s�� ��js�$%�jk R8sjj js���jk IZ� �B �Y� R8sjj A�st{Y$t� �s�$B BP �Y� �%�t�R �B
��$Tj�}�BtR� G� tB�� �Ys� �Y� �B�sj �^{$�t{$�R RYBbt $t �Y� �sAj� s�� RB8�bYs� {BtR��%s�$%��

dx



M
as

s 
S

ca
le

 (
G

eV
)

Λ=40 TeV

χ
~±

1

χ
~0

1

τ
~

1

G
~

ν 
(9

8)

W
 (

2)

τ 
(1

00
)

τ (100)

χ
~0

2

τ
~

1

e
~
, µ

~

G
~

τ 
(6

5)
τ 

(1
00

)

e,
µ 

(3
4)

τ+
(e

,µ)

(1
00

)

0

25

50

75

100

125

150

175

200

3yp� d(� *�{sk R{Y�8s�${R BP K��d stI K�(1 PB� � ) ;( q�z PB� �Y� 8BI�j j$t� b$�Y s K+d sR �Y�

tjR}� _��{�t�s�� A�st{Y$t� �s�$BR PB� 8s$t I�{sk 8BI�R s�� RYBbt $t }s��t�Y�R�R�

qY�k IB tB� �s,� $t�B s{{BZt� �Y� 8$��s�$Bt BP �Y� fffi \ox �%�t�R �B �Y� f�f�ii \ox �%�t�R
IZ� �B $t�^{$�t{k $t �Y� j�}�Bt $I�t�$h{s�$Bt� qY� x� I$R{B%��k {Z�%�R s�� RYBbt $t 3$�� d1�
qY� j$�Y��� {Ys��$tB b$�Y 8sRR Z} �B dE( stI 1n( p�z {st A� I$R{B%���I PB� R)1� n( PA�d�

qY� {Bt%�t�$Btsj b$RIB8 $R �Ys� �Y$R stsjkR$R RYBZjI A�t�h� P�B8 s + $I�t�$h{s�$Bt�
<Bb�%��� b� IBZA� �Ys� $� b$jj Ys%� s I�s8s�${ $8}s{� Bt �Y� ��s{Y $t �Y� RZ}��Rk88���k
}s�s8���� R}s{�� qYBZ�Y s + $I�t�$h{s�$Bt {BZjI $8}�B%� �Y� �^{$�t{k PB� �Y� R$�tsj� $�
b$jj ZtIBZA�sAjk {B8� b$�Y js��� As{,��BZtIR� W�%���Y�j�RR� s + $I�t�$h{s�$Bt $R �RR�t�$sj
�B ts��Bb IBbt �Y�B���${sj 8BI�jR $P st �-{�RR $R BAR��%�I $t �Y� ��$Tj�}�Bt htsj R�s���

1� +ZsR$TR�sAj� K+d

yP �Y� K+d YsR s jBt� j$P��$8� wJZsR$TR�sAj�D stI I�{skR BZ�R$I� �Y� I���{�B� w��+ ���s���
�Yst � n 8D� $� b$jj s}}�s� $t �Y� I���{�B� j$,� s 8ZBt b$�Y �Y� �-{�}�$Bt BP s js���
$Bt$9s�$Bt �t���k jBRR� qY� R$�ts�Z�� $R� �Y���PB��� �bB Y$�Y �x �8ZBtR: b$�Y js��� QobQ?
%sjZ�R� qY�R� �%�t�R {st A� R�j�{��I ZR$t� �Y� {�$���$s I�R{�$A�I $t 7�{�$Bt yyy*� qY�
�-}�{��I �x I$R��$AZ�$BtR BP �Y� K+d PB� �bB I$&���t� %sjZ�R BP � s�� RYBbt $t 3$�� dnwsD�
qY� {Z� BP �x k x( p�z BP �Y� ff L QobQ? R�j�{�$Bt $R �^{$�t� PB� �Y� R$�tsj bY$j� $� $R
�-}�{��I �B ��IZ{� As{,��BZtIR R$�t$h{st�jk� qY� �k}${sj $t%s�$st� 8sRR BP �Y� �bB �8ZBtR:
wsRRZ8$t� 8sRRj�RRD $R %��k js��� sR RYBbt $t 3$�� dnwAD� V -ff k dx( p�z ��JZ$��8�t�
IB�R j$��j� Ys�8 �B �Y� R$�tsjR� *Z� �B $�R js��� 8sRR� �Y� K+d $R �-}�{��I �B 8B%� RjBbjk�
<Bb�%�� R$t{� 8BR� BP �Y� K+d:R s�� }�BIZ{�I $t �Y� I�{skR BP 8sRR$%� K�

�

d R stI K�
(
1R� �Y� s%��s��

R}��I #w# 8b�D $R ��js�$%�jk js���� y� $R s�BZtI (�� PB� �Y� � %sjZ�R R�ZI$�I� WB�� �Ys� �Y� #
I$R��$AZ�$Bt $R %��k R$8$js� �B �Ys� RYBbt $t 3$�� dMwAD PB� �Y� 8BI�jR b$�Y Kf sR �Y� ]BTtjR}�

dE



pL
T (GeV)

(a)

m(χ
~

1
±)=182 GeV

3rd Lepton
1st Lepton

10
-3

10
-2

10
-1

0 50 100 150 200 250 300

pL
T (GeV)

(b)

m(χ
~

1
±)=182 GeV

1st Lepton
2nd Lepton

10
-3

10
-2

10
-1

0 50 100 150 200 250 300

3yp� dd� N�}�Bt �x I$R��$AZ�$BtR PB� wsD �Y� fffi \ox �%�t�R stI wAD �Y� f
�f�ii \ox �%�t�R BP �Y�

8BI�jR b$�Y s RYB��Tj$%�I K+d PB� EK��
d

) dM1 p�z w� ) ;( q�zD� Vjj I$R��$AZ�$BtR s�� tB�8sj$9�I

�B Zt$� s��s�

� wq�zD 1( ;( E( M(

�0_ wPAD xM(( d;� d;�; 1�d

E
K��
d

wp�zD �1 dM1 1M� n�;

EK+d wp�zD x; �� d;� d�E

f�f�ii \ox 6 w0D u (�E d�( d�n

fffi \ox 6 w0D (�x d�( d�E 1�(

qB�sj 6 w0D (�x d�E 1�E n�n

]Xb&]K w1 PA
�dD ;M ;�( (�E (�d

]Xb&]K wn( PA
�dD d;( d1 d�M (�n

qV Ne yyy� qY� �Y�B���${sj {�BRR R�{�$Bt� K��d stI K+d 8sRR�R� I���{�$Bt �^{$�t{k BP f
�f�ii \ox

stI fffi \ox R�j�{�$BtR� stI R$�t$h{st{�R PB� I$&���t� %sjZ�R BP � PB� �Y� 8BI�jR b$�Y s RYB��Tj$%�I

K+d sR �Y� tjR}� qY� ��js�$%� R�s�$R�${sj ���B� Bt �Y� �^{$�t{k $R �k}${sjjk 1x0� qY� {B8A$t�I

f�f�ii \ox stI fffi \ox As{,��BZtI {�BRR R�{�$Bt $R sRRZ8�I �B A� (�� PA b$�Y s 1(0 RkR��8s�${

Zt{���s$t�k�

d�



Chargino Mass (GeV)

Λ (TeV)

C
ro

ss
 S

ec
tio

n 
(f

b)

Theory

2 fb-1

30 fb-1

2 fb-1

30 fb-1

Stau NLSP

Short-lived NLSP

Quasi-stable NLSP

100 150 200 250 300 350 400 450

20 30 40 50 60 70 80 90 100

1

10

10 2

10 3

3yp� d1� qY� x� I$R{B%��k {�BRR R�{�$Bt {Z�%�R sR PZt{�$BtR BP 8sRR BP �Y� j$�Y��� {Ys��$tB stI

�Y� RZ}��Rk88���k A��s,$t� R{sj� � PB� �Y� 8BI�j j$t� 1 sjBt� b$�Y �Y� �Y�B���${sj {�BRR R�{�$BtR�

qY� x� {Z�%�R s�� RYBbt PB� AB�Y RYB��Tj$%�I stI JZsR$TR�sAj� tjR}:R stI PB� $t����s��I jZ8$tBR$�$�R

BP 1� n( PA�d�

pL
T (GeV)

(a)

m(χ
~

1
±)=182 GeV

m(χ
~

1
±)=394 GeV

0

0.02

0.04

0.06

0.08

0 50 100 150 200 250 300 350 400
Mll (GeV)

(b)

m(χ
~

1
±)=182 GeV

m(χ
~

1
±)=394 GeV

0

0.02

0.04

0.06

0.08

0 100 200 300 400 500 600 700 800

3yp� dn� qY� j�}�Bt �x wsD stI I$Tj�}�Bt 8sRR -ff wAD I$R��$AZ�$BtR PB� �Y� 8BI�jR b$�Y s

JZsR$TR�sAj� K+d sR �Y� tjR} PB� � ) ;(, M( q�z wE
K��
d

) dM1, n�; p�zD� qY� %���${sj IsRY�I j$t�R

$tI${s�� �Y� {Z�B&R� Vjj I$R��$AZ�$BtR s�� tB�8sj$9�I �B Zt$� s��s�

dM



E/ T (GeV)

m(χ
~

1
±)=182 GeV

m(χ
~

1
±)=394 GeV

10
-3

10
-2

10
-1

0 50 100 150 200 250 300

3yp� d;� qY� \ox I$R��$AZ�$BtR PB� �Y� 8BI�jR b$�Y s JZsR$TR�sAj� K+d sR �Y� tjR} PB�

� ) ;(, M( q�z wE
K��
d

) dM1, n�; p�zD� qY� I�{skR K��d � K�(dP
� � K+d+P

� stI K�(1 � �K�,  K 

{Bt��$AZ�� �B �%�t�R b$�Y R8sjj \ox bY$j� �Y� I�{skR K�
�

d � K+d" stI K�
(
1 � + K+d s�� �Y� RBZ�{� PB�

�%�t�R b$�Y js��� \ox �

W�%���Y�j�RR� �Y� tB�TRBTRjBb 8B%$t� K+d:R s�� �-}�{��I �B I�}BR$� js��� $Bt$9s�$Bt �t���$�R $t
�Y� I���{�B�� I$&���t�$s�$t� �Y�8 P�B8 B�Y�� Y$�Y �x �y_ }s��${j�R� 7$t{� �Y� As{,��BZtIR
PB� �Y� ��JZ$��8�t�R �x k x( p�z stI -ff k dx( p�z s�� sj��sIk R8sjj� $� }skR �B Ys%� s
QobQ? ��JZ$��8�t� b$�Y s ��js�$%�jk Y$�Y �^{$�t{k PB� �Y� R$�tsj stI s ��RBtsAj� ��`�{�$Bt
PB� �Y� �y_ }s��${j�R� qY� \ox I$R��$AZ�$Bt BP �Y�R� �%�t�R sR RYBbt $t 3$�� d; RYBbR �bB
I$R�$t{� ���$BtRU R8sjj stI js��� \ox � qY� I�{skR K�

�

d � K�(dP � K+d+P stI K�(1 � �K�,  K 
{Bt��$AZ�� �B �%�t�R b$�Y R8sjj \ox � qY� I�{skR K�

�

d � K+d" stI K�
(
1 � + K+d s�� ��R}BtR$Aj�

PB� �%�t�R b$�Y js��� \ox � qY� I���{�$Bt �^{$�t{$�R stI �Y� �-}�{��I R$�t$h{st{�R BP �Y�
ffL QobQ? R�j�{�$Bt PB� I$&���t� %sjZ�R BP � s�� �sAZjs��I $t qsAj� yz� qY� Y$�Y �^{$�t{k
$R js���jk IZ� �B �Y� Y$�Y 8B8�t�Z8 �-}�{��I PB� �Y� JZsR$TR�sAj� K+d� qY� x� I$R{B%��k
{Z�%�R s�� RYBbt $t 3$�� d1 PB� �bB %sjZ�R BP R� qY� j$�Y��� {Ys��$tB b$�Y 8sRR Z} �B n;(�
;d( p�z stI �Y� K+d b$�Y 8sRR Z} �B dE(� 1(( p�z {st A� I$R{B%���I PB� �Y� �bB $t����s��I
jZ8$tBR$�$�R ��R}�{�$%�jk�

]� �BI�j N$t� nU Kf sR �Y� ]BTWN7_

3B� RB8� ���$BtR BP �Y� }s�s8���� R}s{�� �Y��� j$�Y� Rj�}�BtR wK�p� K p� stI K+dD s�� �RT
R�t�$sjjk I���t��s�� $t 8sRR stI �Y�k {st A� j$�Y��� �Yst K�(d� VR s ��RZj�� �Y� Rj�}�BtR
wKf # K+d, K�p, K pD �&�{�$%�jk RYs�� �Y� �Bj� BP �Y� tjR}� +Zst�$�s�$%� R�ZI$�R BP �Y$R �k}� BP
8BI�jR s�� IBt� PB� PBjjBb$t� p�7 }s�s8���� %sjZ�RU

] ) n,
-E

�
) n, �st# ) n,  k (

d�



� wq�zD ;( E( M( d((

�0_ wPAD d;� d;�; 1�d (�;

E
K��
d

wp�zD dM1 1M� n�; ;��

EK+d wp�zD �� d;� d�E 1;E

6 w0D n��; ;;�E xd�E x;��

]Xb&]K w1 PA
�dD dd1 d1 1�d (�x

]Xb&]K wn( PA
�dD n;d ;( E�� d�;

qV Ne yz� qY� �Y�B���${sj {�BRR R�{�$Bt� K��d stI K+d 8sRR�R� I���{�$Bt �^{$�t{k BP �Y� ffLQobQ?

R�j�{�$Bt� stI R$�t$h{st{�R PB� I$&���t� %sjZ�R BP � PB� �Y� 8BI�jR b$�Y s JZsR$TR�sAj� K+d tjR}� qY�

��js�$%� R�s�$R�${sj ���B� Bt �Y� �^{$�t{k $R �k}${sjjk d0� qY� As{,��BZtI {�BRR R�{�$Bt $R sRRZ8�I

�B A� (�x PA b$�Y st Zt{���s$t�k BP 1(0�

b$�Y s�s$t %s�k$t� � %sjZ�R� 3B� R8sjj %sjZ�R BP �� K��d K�
�

d stI K�
�

d K�
(
1 IB8$ts�� �Y� }�BIZ{�$Bt

{�BRR R�{�$Bt� VR RYBbt $t 3$�� dx� K��d K�
�

d stI K��d K�
(
1 }�BIZ{�$Bt b$jj k$�jI �%�t�R b$�Y

8Zj�$j�}�BtR $t �Y� htsj R�s��� qY� Rj�}�Bt }s$� }�BIZ{�$Bt RZ�}sRR�R {Ys��$tBTt�Z��sj$tB
}�BIZ{�$Bt $P � k� x( q�z� qY� �B�sj RZ}��Rk88���k {�BRR R�{�$Bt PB� R�%��sj I$&���t� �

%sjZ�R {st A� PBZtI $t qsAj� z� qY� j$P��$8� BP Kf I����8$t�R �Y� �%�t� �B}BjB�k� yt �Y�
PBjjBb$t�� b� I$R{ZRR �Y� {sR�R b$�Y RYB��Tj$%�I stI JZsR$TR�sAj� KfR� V�s$t� �Y� stsjkR�R
RYBZjI sjRB A� R�tR$�$%� �B �Y� Kf tjR} b$�Y s $t���8�I$s�� j$P��$8��

M
as

s 
S

ca
le

 (
G

eV
)

Λ=40 TeV

χ
~±

1

ν
~

χ
~0

1

L
~

G
~

ν 
(2

1)

W
 (

27
)

L (5
2)

L 
(1

00
)

L
(1

00
)

ν 
(1

00
)

χ
~0

2

ν
~

χ
~0

1

L
~

G
~

L 
(4

4)
L 

(1
00

)

h 
(2

5)

ν
(3

1)

L
(1

00
)

ν 
(1

00
)

0

50

100

150

200

250

300

3yp� dx� *�{sk R{Y�8s�${R BP K��d stI K�
(
1 PB� � ) ;( q�z PB� �Y� 8BI�j j$t� b$�Y R{sjs� j�}�BtR

sR �Y� ]BTtjR}� _��{�t�s�� A�st{Y$t� �s�$BR PB� 8s$t I�{sk 8BI�R s�� RYBbt $t }s��t�Y�R�R�

1(



d� _�B8}� Kf� f Kt *�{sk

yP �Y� I�{sk Kf� f Kt $R }�B8}� w��+ c� d( {8D� ff \ox �%�t�R s�� �-}�{��I P�B8 RZ}��Rk8T
8���k� =tPB��Zts��jk� �Y$R htsj R�s�� $R Rbs8}�I Ak As{,��BZtIR P�B8 �Y� 7�stIs�I �BI�j
}�B{�RR�R RZ{Y sR 0�0� PP � P. stI .. }�BIZ{�$BtR sR b�jj sR P�B8 P L `��R }�BIZ{�$Bt
b$�Y Bt� BP �Y� `��R 8$R$I�t�$h�I sR s j�}�Bt� <Bb�%�� b� tB�� �Ys� �Y�R� �%�t�R �k}${sjjk
Ys%� 8Zj�$}j� j�}�BtR $t �Y� htsj R�s�� stI 8BR� BP �Y�8 s�� $t �Y� {�t��sj }R�ZIB�s}$I$�k
���$Bt b$�Y �BBI j�}�Bt $I�t�$h{s�$Bt� V}s�� P�B8 �YBR� P�B8 Kf I�{skR� j�}�BtR s�� sjRB
�-}�{��I P�B8 P 	:R stI .	:R }�BIZ{�I $t �Y� {sR{sI� I�{skR BP K��d stI K�(1 BP RZ}��Rk8T
8���k B�$�$ts��I �%�t�R� qY���PB��� �Y�k {st A� R�j�{��I ZR$t� �Y� fffi \ox {�$���$s� qY�
�x I$R��$AZ�$BtR BP �Y� j�sI$t� j�}�Bt stI �Y� �Y$�I j�}�Bt BP �Y�R� �%�t�R s�� RYBbt $t
3$�� dEwsD� 7$t{� 8BR� BP �Y� j�sI$t� j�}�BtR s�� }�BIZ{�I $t �Y� I$��{� I�{skR BP Y�s%k
Kf:R� $�R �x R}�{��Z8 $R ��js�$%�jk Ys�I sR RYBbt $t �Y� h�Z��� qY� I���{�$Bt �^{$�t{$�R stI
�Y� �-}�{��I R$�t$h{st{�R s�� RZ88s�$9�I $t qsAj� z� qY� ��IZ{�$Bt $t �Y� ��js�$%� {�BRR
R�{�$Bt BP �Y� ��$Tj�}�Bt }�BIZ{$t� K��d K�

�

d stI K�
�

d K�
(
1 }�B{�RR�R $R ��R}BtR$Aj� PB� �Y� I�{��sR�

$t �^{$�t{k sR � $t{��sR�R� 3B� � k� x( q�z� �Y�
KfKf }�BIZ{�$Bt {�BRR R�{�$Bt RZ�}sRR�R �Ys�

BP �Y� K��d K�
�

d stI K�
�

d K�
(
1� G$�Y �Y�

Kf� f Kt I�{sk� KfKf �%�t�R b$jj ��RZj� $t s Y$�Y �x ff \ox htsj
R�s��� G� tB�� �Ys� �Y� $8}�B%�8�t� Ak sII$t� �Y� f�f�ii \ox R�j�{�$Bt $R 8$t$8sj $t �Y$R
{sR�� qY� x� I$R{B%��k {Z�%�R s�� {B8}s��I b$�Y �Y� �Y�B���${sj {�BRR R�{�$BtR $t 3$�� d��
G$�Y $t����s��I jZ8$tBR$�$�R BP 1� stI n( PA�d� �Y� j$�Y��� {Ys��$tB b$�Y 8sRR Z} �B nd( stI
nE( p�z {st A� I$R{B%���I ��R}�{�$%�jk�

pT
L1 (GeV)

(a)

m(χ
~

1
±)=279 GeV

m(χ
~

1
±)=437 GeV

0

0.02

0.04

0.06

0.08

0.1

0 50 100 150 200 250 300

pT
L3 (GeV)

(b)

m(χ
~

1
±)=279 GeV

m(χ
~

1
±)=437 GeV

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0 20 40 60 80 100 120 140

3yp� dE� qY� �x I$R��$AZ�$BtR BP wsD �Y� j�sI$t� j�}�Bt stI wAD �Y� �Y$�I j�}�Bt PB� �Y� 8BI�jR

b$�Y s RYB��Tj$%�I Kf sR �Y� ]BTtjR} PB� E
K��
d

) 1��, ;n� p�z w� ) ;(, E( q�zD� WB�� �Ys� �Y�

�x ��JZ$��8�t� $R dx p�z PB� �Y� j�sI$t� j�}�Bt stI x p�z PB� �Y� tBtTj�sI$t� j�}�BtR� Vjj

I$R��$AZ�$BtR s�� tB�8sj$9�I �B Zt$� s��s�

1d



� wq�zD n( ;( x( E( �(

�0_ wPAD d1d 1;�x E�� 1�n (��

E
K��
d

wp�zD d�� 1�� nxM ;n� xd�

EKf wp�zD �� d1M dxM dMM 1dM

6 w0D d;�� dx�; ��E ;�� d�;

]Xb&]K w1 PA
�dD ;; ��; d�E (�n u

]Xb&]K wn( PA
�dD dx1 n1 x�x (�� (�d

qV Ne z� qY� �Y�B���${sj {�BRR R�{�$Bt� K��d stI Kf 8sRR�R� I���{�$Bt �^{$�t{k BP �Y� fffi \ox

R�j�{�$Bt {�$���$s� stI R$�t$h{st{�R PB� I$&���t� %sjZ�R BP � PB� �Y� 8BI�jR b$�Y RYB��Tj$%�I Kf:R sR

�Y� ]BTtjR}� qY� �^{$�t{$�R �k}${sjjk Ys%� s ��js�$%� R�s�$R�${sj Zt{���s$t�k BP ;0� qY� BAR��%sAj�

As{,��BZtI {�BRR R�{�$Bt $R sRRZ8�I �B A� (�n PA b$�Y s 1(0 RkR��8s�${ Zt{���s$t�k�

Chargino Mass (GeV)

Λ (TeV)

C
ro

ss
 S

ec
tio

n 
(f

b) Theory

2 fb
-1

30 fb
-1

2 fb-1

30 fb-1

Slepton Co-NLSP

Short-l
ived NLSP

Quasi-stable NLSP

200 250 300 350 400 450 500

30 35 40 45 50 55 60 65 70

1

10

10 2

3yp� d�� qY� x� I$R{B%��k {�BRR R�{�$Bt {Z�%�R sR PZt{�$BtR BP 8sRR BP �Y� j$�Y��� {Ys��$tB stI

�Y� RZ}��Rk88���k A��s,$t� R{sj� � PB� �Y� 8BI�j j$t� n sjBt� b$�Y �Y� �Y�B���${sj {�BRR R�{�$BtR�

qY� x� {Z�%�R s�� RYBbt PB� AB�Y RYB��Tj$%�I stI JZsR$TR�sAj� Kf ]BTtjR}:R stI PB� $t����s��I

jZ8$tBR$�$�R BP 1� n( PA�d�

11



pT (GeV)

(a)

m(χ
~

1
±)=279 GeV

m(χ
~

1
±)=437 GeV

0

0.02

0.04

0.06

0.08

0 50 100 150 200 250 300 350 400

β

(b)

m(χ
~

1
±)=279 GeV

m(χ
~

1
±)=437 GeV

0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

3yp� dM� qY� j�}�Bt �x wsD stI �Y� tjR} R}��I # wAD I$R��$AZ�$BtR �-}�{��I PB� 8BI�jR b$�Y s

JZsR$TR�sAj� Kf sR �Y� ]BTtjR} PB� E
K��
d

) 1��, ;n� p�z w� ) ;(, E( q�zD� bY��� # $R 8�sRZ��I $t

�Y� Zt$� BP �Y� R}��I BP j$�Y� �� qY� %���${sj IsRY�I j$t� $tI${s��R �Y� {Z�B&� Vjj I$R��$AZ�$BtR s��

tB�8sj$9�I �B Zt$� s��s�

1� +ZsR$TR�sAj� Kf

yP �Y� Kf YsR s jBt� j$P��$8�� $� {st I�{sk BZ�R$I� �Y� I���{�B� w��+ k� n 8D� yt �Y$R {sR��

�Y� Kf b$jj s}}�s� $t �Y� I���{�B� j$,� s �8ZBt: �-{�}� �Ys� �Y� $Bt$9s�$Bt �t���k jBRR b$jj
A� js���� qY$R R$�ts�Z�� $R $I�t�${sj �B �Ys� BP s JZsR$TR�sAj� K+d I$R{ZRR�I sAB%�� qY���PB���
�Y� R$�tsj �%�t�R {st A� $I�t�$h�I ZR$t� �Y� ff L QobQ? R�j�{�$Bt� qY� �-}�{��I �x stI
# I$R��$AZ�$BtR BP �Y� Kf PB� � ) ;(, E( q�z s�� RYBbt $t 3$�� dM� qY� KfR �k}${sjjk Ys%�
%��k js��� �x stI s�� 8BR�jk {�t��sj� 3B� �-s8}j�� sABZ� �(0 BP �Y� KfR s�� $t {�t��sj
}R�ZIB�s}$I$�k ���$Bt b$�Y �Y� ��s{,$t� {B%��s�� PB� �Y� {sR� BP � ) �( q�z� qsAj� zy
RYBbR �Y� I���{�$Bt �^{$�t{$�R stI �Y� �-}�{��I R$�t$h{st{�R PB� I$&���t� � %sjZ�R� qY� x�
I$R{B%��k {Z�%�R s�� RYBbt $t 3$�� d�� qY� j$�Y��� {Ys��$tB 8sRR I$R{B%��k ��s{Y $R sABZ�
n�( p�z PB� R)1 PA�d stI ;M( p�z PB� R)n( PA�d�

*� �BI�j N$t� ;U K_ sR �Y� WN7_

3B� 8BR� BP �Y� }s�s8���� R}s{�� K�(d b$jj }��IB8$tst�jk I�{sk �B �
Kt $P $� $R �Y� tjR}�

<Bb�%�� $P K�(d $R Y$��R$tBTj$,� w
K_D� K�(d � . Kt stI K�(d � _ Kt I�{skR {BZjI Ys%� R$�t$h{st�

A�st{Y$t� �s�$BR $t RB8� ���$BtR BP �Y� }s�s8���� R}s{� BP tBtT8$t$8sj p�7 8BI�jR� 3B�
�Y� iZt yy R�ZI$�R� �Y�R� 8BI�jR s�� I�ht�I �B Ys%� h-�I %sjZ�R BP

] ) 1,
-E

�
) n, �st# ) n,

 

-d

) �(3�x

b$�Y � %s�k$t�� <��� -d $R �Y� 8sRR }s�s8���� sRRB{$s��I b$�Y �Y� J wdDV Rk88���k� yt
�Y�R� 8BI�jR� �Y� j$�Y��R� t�Z��sj Y$��R ABRBt _ YsR s 8sRR s�BZtI d(; p�z� _s$� }�BIZ{�$Bt

1n



� wq�zD n( ;( x( E( �(

�0_ wPAD d1d 1;�x E�� 1�n (��

E
K��
d

wp�zD d�� 1�� nxM ;n� xd�

EKf wp�zD �� d1M dxM dMM 1dM

6 w0D n;�M ;x�1 x1�E x;�� xx�d

]Xb&]K w1 PA
�dD Mn 11 ��( 1�E d�(

]Xb&]K wn( PA
�dD 1x� EM 1d ��M n�d

qV Ne zy� qY� �Y�B���${sj {�BRR R�{�$Bt� K��d stI
Kf 8sRR�R� I���{�$Bt �^{$�t{k BP �Y� ffLQobQ?

R�j�{�$Bt� stI R$�t$h{st{�R PB� I$&���t� %sjZ�R BP � PB� �Y� 8BI�jR b$�Y JZsR$TR�sAj� Kf:R sR �Y�

]BTtjR}� qY� ��js�$%� R�s�$R�${sj ���B� Bt �Y� �^{$�t{k $R �k}${sjjk d0� qY� As{,��BZtI {�BRR

R�{�$Bt $R sRRZ8�I �B A� (�x PA b$�Y s RkR��8s�${ Zt{���s$t�k BP 1(0�

BP RZ}��Rk88���${ }s��${j�R 8sk ��RZj� $t K�(dK�
(
d � � Kt _ Kt� �K�K Kt Kt htsj R�s�� bY${Y bBZjI

s}}�s� sR �K�K \ox �%�t�R $t �Y� I���{�B� sRRZ8$t� }�B8}� K�(d I�{skR� qY�R� �%�t�R s��
{Ys�s{���$9�I Ak Y$�Y ox }YB�BtR stI js��� \ox sR RYBbt $t �Y� 3$�� d� PB� � ) M(, dd( q�z�
qY�k {st A� R�j�{��I ZR$t� �Y� �Ki \ox R�j�{�$Bt {�$���$s I$R{ZRR�I $t 7�{�$Bt yyy � qY�
I���{�$Bt �^{$�t{$�R stI ]Xb&]K R$�t$h{st{�R s�� RYBbt $t qsAj� zyy PB� I$&���t� %sjZ�R
BP �� �BR� BP �Y� �%�t�R R�j�{��I s�� IZ� �B �Y� �_ }�BIZ{�$Bt b$�Y _ � K�K� <Bb�%���
s tBtTt��j$�$Aj� P�s{�$Bt BP �Y� �%�t�R $R s{�Zsjjk IZ� �B �Y� �. L � b$�Y . � K�K� qY�
I$R{B%��k ��s{Y $t � stI EK��

d

$R RYBbt $t 3$�� 1( PB� R)1� n( PA�d�

ET
γ  (GeV)

(a)

m(χ
~

1
±)=167 GeV

m(χ
~

1
±)=229 GeV

0

0.02

0.04

0.06

0.08

0.1

0 50 100 150 200 250 300

E/ T (GeV)

(b)

m(χ
~

1
±)=167 GeV

m(χ
~

1
±)=229 GeV

0

0.02

0.04

0.06

0.08

0.1

0 50 100 150 200 250 300

3yp� d�� qY� }YB�Bt ox wsD stI �%�t� \ox wAD I$R��$AZ�$BtR PB� 8BI�jR b$�Y s RYB��Tj$%�I

Y$��R$tBTj$,�I K�(d sR �Y� tjR} b$�Y EK��
d

) dE�, 11� p�z w� ) M(, dd( q�zD� Vjj I$R��$AZ�$BtR s��

tB�8sj$9�I �B Ys%� Zt$� s��s�

yP st �-{�RR $R R��t $t �Y� �Ki \ox htsj R�s��� $� b$jj A� BP ���s� $t����R� �B ��{BtR��Z{� �Y�
I$T`�� $t%s�$st� 8sRR� 3$�Z�� 1d RYBbR �Y� $t%s�$st� 8sRR I$R��$AZ�$Bt BP �Y� �bB j�sI$t� `��R
PB� � ) M( q�z stI R)1 PA�d� V 8sRR }�s, s�BZtI E_ ) d(; p�z $R {j�s�jk $I�t�$hsAj��
qY� sRk88���k $t �Y� 8sRR I$R��$AZ�$Bt $R }s��jk IZ� �B �. L� {Bt��$AZ�$Bt stI }s��jk

1;



Chargino Mass (GeV)

Λ (TeV)

C
ro

ss
 S

ec
tio

n 
(f

b)
Theory 2 fb

-1

30 fb
-1

Higgsino NLSP

170 180 190 200 210 220 230 240

80 85 90 95 100 105 110 115 120

10

10 2

3yp� 1(� qY� x� I$R{B%��k {�BRR R�{�$Bt {Z�%�R sR PZt{�$BtR BP �Y� RZ}��Rk88���k A��s,$t� R{sj�

� stI �Y� j$�Y��� {Ys��$tB 8sRR PB� �Y� 8BI�j j$t� ; sjBt� b$�Y �Y� �Y�B���${sj {�BRR R�{�$BtR� qY�
K_ $R sRRZ8�I �B A� RYB��Tj$%�I�

� wq�zD M( �( d(( dd( d1(

�0_ wPAD ddM E� ;d 1; dx

E
K��
d

wp�zD dE� dMM 1(M 11� 1;�

EK�(
d

wp�zD dx; d�E d�� 1dM 1n�

E_ wp�zD d(n d(; d(x d(x d(E

 �wK�(d � � KtD (�nM (�1d (�dx (�d( (�(M

 �wK�(d � _ KtD (�nM (�x1 (�x� (�En (�EE

6 w0D M�( E�M x�; ;�n n�E

]Xb&]K w1 PA
�dD dn E�� n�1 d�x (�M

]Xb&]K wn( PA
�dD nM d� M�� ;�d 1�1

qV Ne zyy� qY� �Y�B���${sj {�BRR R�{�$Bt� K��d stI _8sRR�R� K�
(
d I�{sk A�st{Y$t� �s�$BR� I���{�$Bt

�^{$�t{k BP �Y� �Ki \ox R�j�{�$Bt� stI R$�t$h{st{�R PB� I$&���t� %sjZ�R BP � PB� �Y� 8BI�jR b$�Y s

RYB��Tj$%�I Y$��R$tB sR �Y� tjR}� qY� ��js�$%� R�s�$R�${sj ���B� Bt �Y� �^{$�t{k $R �k}${sjjk ;0�

qY� As{,��BZtI {�BRR R�{�$Bt $R sRRZ8�I �B A� (�� PA b$�Y s 1(0 RkR��8s�${ ���B��

1x



IZ� �B �Y� �&�{� BP �jZBt �sI$s�$Bt stI �Y� �t���k BZ�R$I� �Y� `�� {Bt��

Mjj (GeV)

E
ve

nt
s/

10
 G

eV

m(χ
~

1
±)=167 GeV

mh=104 GeV

0

2

4

6

0 20 40 60 80 100 120 140 160 180 200

3yp� 1d� qY� $t%s�$st� 8sRR I$R��$AZ�$Bt BP �Y� �bB j�sI$t� `��R PB� E
K��
d

) dE� p�z

w� ) M( q�zD stI R)1 PA�d� WB�� �Ys� d� R$�tsj stI j�RR �Yst 1 As{,��BZtI �%�t�R s�� �-T

}�{��I�

z� 7=��ViO

yt �Y$R }s}��� BAR��%sAj� As{,��BZtI {�BRR R�{�$BtR PB� �Y� R$- htsj R�s��R $t bY${Y t�b
}YkR${R 8$�Y� 8st$P�R� $�R�jP s�� �R�$8s��I� Vjj �Y� htsj R�s��R R�ZI$�I s�� PBZtI �B Ys%�
R8sjj As{,��BZtIR� y8}j${s�$BtR BP �Y� stsjkR�R BP �Y�R� htsj R�s��R PB� PZ�Z�� q�%s��Bt
�ZtR s�� I$R{ZRR�I $t �Y� P�s8�bB�, BP psZ�� ��I$s��I 7Z}��Rk88���k  ��s,$t� 8BI�jR�
_B��t�$sj I$R{B%��k ��s{Y�R $t RZ}��Rk88���k }s�s8���� R}s{� PB� $t����s��I jZ8$tBR$�$�R BP
1 stI n( PA�d s�� �-s8$t�I PB� 8BI�jR b$�Y I$&���t� tjR}� qYBZ�Y �Y� R�j�{�$Bt {�$���$s s��
tB� B}�$8$9�I PB� �Y� 8BI�jR I$R{ZRR�I stI tB� sjj htsj R�s��R s�� $t%�R�$�s��I� �Y� R�ZIk
IB�R RYBb �Ys� �Y� Z}��sI�I *� �-}��$8�t� s� �Y� $8}�B%�I q�%s��Bt {Bjj$I�� YsR ���s�
}B��t�$sjR PB� I$R{B%��k�

zy� V]�W!GNe*pe�eWq

qY� sZ�YB� bBZjI j$,� �B �Yst, *� ]Z��R� �� *�j 7$�tB��� p� NstIRA���� 7� �s��$t�
<� �Bt��B8��k� 7� qYB8sR� *� qBAs{,� V� qZ�{B�� <� G����R� stI F� GB8��Rj�k PB� �Y�$�
sRR$R�st{� $t �Y� {BZ�R� BP �Y$R R�ZIk stI\B� �Y�$� {�$�${sj ��sI$t� BP �Y$R b�$��Z} stI ��
qs�s PB� }B$t�$t� BZ� s 8$R�s,� $t Bt� BP �Y� As{,��BZtI �R�$8s�$BtR�

1E



>dH 7�� �Y� bB�,RYB} b�A }s��U X��}U]]Qv�Xp�!Qvul!�C']RYRm!X�9l�

>1H 7�� PB� �-s8}j� 7� *$8B}BZjBR� 7� qYB8sR� stI F�*� G�jjR� WZ{j� _YkR�  ;MM� n� wd���D�

p�3� pZ$I${� stI i� is��s99$� X�}T}X]�L+g3�g� stI �Y� ��P���t{�R �Y���$t�

>nH *� ]BjjsAB�s�$Bt� 7� VAs{Y$ �� sj�� 3��8$jsA _ZAT�E\nx�Te�

>;H 3� _s$�� stI 7� _�B�B}B}�R{Z�  WN i�}B�� WB� nMn(;� d�ME wZt}ZAj$RY�ID� ��j�sR�R %��n� stI

%��;1�

>xH *� ]Z��R stI p� NstIRA���� }�$%s�� {B88Zt${s�$Bt�

>EH OZ� p��RY��$t� XN�%�jTd q�$���� PB� 7jBb �B%$t� _s��${j�R"� *�tB�� ' n;nd�

>�H *� ]BjjsAB�s�$Bt�  � VAAB�� �� sj�� _YkR� i�%� N�����R� M(� ;;1 wd��MD�

>MH *� ]BjjsAB�s�$Bt�  � VAAB�� �� sj�� _YkR� i�%� N�����R� M1� ;1 wd���D�

>�H q� <st stI i� 7BA�k� _YkR� i�%� * x1� En(1 wd��xD�

>d(H *� ]BjjsAB�s�$Bt�  � VAAB�� �� sj�� _YkR� i�%� N�����R� M(� dx�d wd��MD�

1�


