
��������� �
	�	��������	��������������! "	����#$�%#'&"�(&*)

+-,/.1032547698:0<;>=/.?,?@%0BADCDEGF>HJIK8<CL;7M =ONP, Q,G@RCDE?SUTR0BEGVW.?, X�,/YZF:[\4]2K^5I7;
_]` X�aUbcIKCD67IJ+d47eG0�2K^5f�47EU^>=<ghE?CDi14]25IKCj^kblF�mon$0�25I507H

pqF:r>0
s:tc=/u:u ` sBv _ n�0�25I507HR=\X�FBAw0�E/V
x>` +h47e/032K^5f�47EU^�FBm�XyaUb?IKCD67IZ0�E/VWzZI{^K25F:E?F:f-bU=<gqEGCDi14]25IKCj^|b}F�m�NcFB~?^5aG0Bf�e?^5FBE

pqCDS:a?�G47A�V�=/NcFB~GaU^90Bf�ec^5F:E�=?N?� _3��_7� .?=GghEGCj^54>V�@RCDEGS1VcF:f

��aG4
E?47~?^K290�ADC�E?FlIK476]^5FB2%F�m�^5a?4-g-� _3� 4]�<^547E/Vc4>V�NcgdN<�!CDIde?254]IK47EU^54>V*0BEGV�IKFBf�4
67FBADA�C�Vc4]2%0BEGV
67F:IKf�FBA�FBSBb ` 2547A�0�^54>V�e?aG47E?F:f�47E?F:ADF:S�b}V?CDIK67~GIKIK47V�,

� �?�q�\�P�R�������P�9�Z�
�/�P�����7 9¡/¢�¢��3£]�¤¡¦¥k�\§-�G¨�©hª�«c h¬����B¯®�°c� ¤±³²P���]�B²�£]°}¬��
£¤ªP��¬��B 9£R®B«<�²P±³²P«<£¤�
¬��B¡c°?�²*£]ªP�� 5£7«<�²P«c�]²
¢�°/²P��´�¥k�\µ¶©-·¸�]°c¢�«¯¹/±w�BºR��°?±wG£�°<·h¬�°c£¤ª»£¤ª��*ªP±w�B�]«c�]®7ª/¡��P�]°c¬P´³��¢¼«<�²¶£¤ªP�*½G«<�P½?�W®�°c�P��´w±³P½��PP±w¾
¿�®�«<£¤±³°cyÀ*ÁR�:®3�B?£l«? 5£]�¤°?�Pª/¡/ ¤±Â®�«<´�°?¬� 9�B�¤¹U«<£¤±³°c� 
 9ª�°UºR±wP½Ã£¤ª��*�3Ä\±³ 9£¤�B�®3��°c·h«� 9��¬� 5£7«<G£¤±Â«<´J«c¢�°c�PG£
°<·��°c\¾{�¤�B´³«<£¤±³¹/±³ 9£¤±Â®%«<�²�P°?\¾k¬�«<�]¡c°c�±³®R²P«c�¤Å�¢*«U£¤£¤�B�h ¤���B¢Æ£¤°�¢*«cÅc�
�P§-�G¨Ç��¹?���¢�°?�¤�-�P�¤°?¢�±³ ¤±w�½�À
È ªP��´³±w½?ª?£]�B 9£��\§-�G¨É��«<�¤£¤±Â®3´³�W¥|Ê��\Ëh©h°<·ÁR¾k��«c�¤±w£5¡�®3°?� ¤���]¹G±³P½}¢W°\²\�B´³ BÌP±³Ã¢�°G 5£%®�«? 9�: q£¤ªP��´³±w½?ªG£¤�B 9£
P���P£¤�7«<´³±wP°�ÌP®�«c� ¤���]¹c��«c R«W½?°G°\²¯®�«c�²\±Â²P«U£]�-·¸°?�%Í-«c�¤ÅÃµ¦«U£¤£¤���l¥|Í-µÎ©>À
È ªP�*��«c�]«c¢W��£¤�B�l 9��«?®3�*°c·q£]ªP�"®3°?� 9£¤�7«<±³P�B²»µ¶�P�\µÏÌ�ªP°Uºh��¹?���:Ìo±³ } 5£]�¤°?P½c´³¡¦�]�B 9£¤�]±³®3£¤�B²Î¬/¡¦£]ªP�

�¤�:ÐG�P±w�]��¢��B?£
°<·J¢*«U£7®7ªP±³P½�£]ªP�}���¤�:®3±Â 9�}¢W�:«c ¤�P�]��¢���G£�°c·J£¤ªP�WÍ-µ(�¤�B´w±Â®�²P��� ¤±�£5¡¦«? %¢��B«? 9���¤�:²$¬/¡
£¤ªP��Ñ!µ¦Ò�Ë�À È ª��lµ¶�P�\µÓ«c´³ ¤°* 9�\Ô����7 h·¸�]°c¢Õ«W�«<£¤�P�7«<´³P�: ¤ d�P�]°c¬�´w�B¢�¥L£]ªP�� ¤°<¾K®�«<´³´³�B²ÃÖÎ�P�]°c¬�´w�B¢*©3×
ºRª/¡�£¤ªP�*²\±³¢���� ¤±w°?\·¸�P´���«c�]«c¢W��£¤�B�-ÖÏ°c·J£¤ª��W ¤�P�����7 9¡/¢�¢��3£¤�]±Â®}Ø�±w½?½? -¢�«? ¤ �£¤�B�¤¢ÙÖÛÚÜ�Ý ÚÜ�Þ ª�«? -£¤°
¬���°c·�ßJÑà ¤®B«<´³�cÀ È ªP±³ d���¤°?¬P´w�B¢�®�«<Ã¬��� ¤°c´³¹c�:²*±wÃ£¤ª��
��3Ä/£9¾k£¤°c¾{µ¶���\µ(¥|á�µ¶�P�Pµ¶©h¬/¡*�P�¤°?¢�°<£¤±³P½
£¤ªP��Ö¦��«<�7«<¢��3£]���q£¤°�«�P�Bºâ ¤±wP½?´w��£d ¤�P�����¤¿���´Â²Ããä®3°?�P�P´³�B²"£¤°�Ø%±³½c½? h²\°?�P¬P´³�3£] BÌ�å�ÚãäÚÜ Ý ÚÜ Þ}æwç3è À È ªP±Â 
£¤�]±w��´w��¾{Ø�±w½?½? W®3°c���P´w±³P½¶£¤���]¢�«<´Â ¤°¶ªP�B´w�� }£]°¶�P�� ¤ªä���Ï£¤ª��Ã¢*«c ] W°<·R£]ªP�Ã´³±³½cªG£¤�: 5£"éhË�¾{��¹?��ÏØ%±³½c½G 
¬�°G 9°?yÌ��¤�B´³«<Ä/±³P½*£]ªP�l¿�P�3¾k£¤�P�±wP½¯P�:®3�B ] ]«<�]¡�£¤°¯®3°?¢W��´w¡¯ºR±�£]ª¦£]ªP�}Ê�ßZËê¬�°c�P�²P �À
Ë�°? 9£¤�P´Â«U£]±w�½"«<
«c²P²P±�£]±w°?�«<´%§-ëW¥ ç ©W½G«<�P½?�¯ ¤¡/¢W¢���£¤�]¡ æ ì1è «1¹c°?±³²P �«»¢*«c ] 9´³�B ] �«UÄ\±³°cyÌh°c�*²\°?¢�«c±wíºd«<´³´R�P�¤°?¬P´³��¢* 
°<·-£¤ªP�$á�µÎ�P�\µîÀZ�/��®7ªí«»§�¥ ç ©{¾{�3Ä/£]���²\�:²OµÎ�P�\µï¥ð§-���\µ¶©�®�«cä¬��$®3°c� 9±Â²\���]�B²ä«c �«<í�3Ô��B®3£¤±³¹c�
´w°Uºd¾{������]½c¡¦«<���P�¤°1Ä\±³¢*«U£¤±³°c¶°<·R«Ã¢�°?�¤�*®3°?¢��P´w��£¤�*ßZñ:�P�\µò¢�°\²\��´ æ óUè Ì�ºR±w£¤ªÛ°<£]ªP���lßqñB�P�Pµ(¿���´Â²P 
«c ] 9��¢W�:²"ª��B«1¹/¡cÀ
ô î«c²P²\±w£¤±³°cÎ£¤°¯£]ªP��µ¶�P�\µõ ¤�P�����¤¿���´Â²P BÌo£¤ªP��§
�P�\µõ®3°?G£]«<±³� �«�®7ªP±³�]«c´� 9�P�����¤¿��B´³² Úãö«<�²»«<

Ò%¬���´³±³«c$½?«c�P½c�� ¤�P���B�9¿���´Â²$÷�ø|À È ª/�� d£]ªP��µ¶�P�Pµù��«<�¤£¤±Â®3´³�l 9���B®3£¤�]�P¢ú±Â R��ÄG£]���²P�B²�¬/¡Ã«�P�BºÇéhËJ¾
��¹?��¦Ø%±³½c½G R¬�°? ¤°c¦ãdÌ�«�½?«<��½c��¬�°cû�°?¶ü%ø�«<�²¯£5ºh°*P���P£¤�7«<´oý/±w�°? B×Z«� ¤±wP½?´w±³P°ÿþã «c�²$«�¬P±³P° � þ÷�ø��
°<£]ªP���� ¤�B®3£¤°?�] R«c�¤��P°c£%��P´Â«<�]½c�:²oÀZÒ- %«��¤�: 9��´�£R£]ªP�l�PªP�BP°c¢��BP°c´³°c½?¡�°<·£¤ªP��P���\£]�]«c´w±³P°� ¤�B®3£¤°c�%®B«<
¬��W 9±³½c�±�¿�®B«<G£¤´³¡¯¢W°\²\±w¿��:²$¬�°c£¤ª¶«<£-®3°?´w´³±Â²\���7  æ �Uè «<�²�±³¶®3°G 9¢�°?´w°?½c¡G¾k�]��´Â«U£]�B²"�P�¤°\®��B ] 9�:  æ � Ì�� è À È °
±w´³´³�� 5£]�]«<£¤��£]ªP±³ �ºq��®�°c� ¤±³²P���%«��Pª/¡\ 9±Â®�«c´w´³¡�±³G£¤���]�B 9£¤±³P½� ]®3�B�«<�]±w°WºR±w£¤ª$ªP±³½c½G 9±³P°*«<�²¯½G«<�P½?±wP°W¢*«c ] 
��«<�7«<¢���£¤���7 �°c·h£]ªP��°?�]²\�B�	��
��
�������¥ ç������ ���©>Ì�«<�²Ûºh�*£]«cÅc��£]ªP��±³?£]���7«c®3£¤±³°cÛ¬���£5ºq�B��Û£]ªP�
 9±³P½?´w±³P°*«<�²Ã£]ªP�lµ¶�P�\µ¼¿��B´³²� h£¤°*¬���°<·�£]ªP��°c�7²\�B�R°<·�£]ªP�lßJÑ  ]®�«<´³�cÌ������"¥ ç � Þ � ���©>À

M"!�#�$&%�$(')�$(*,+")-)/. $102')�$(#/'3+")�4657'3+98�:;46'<$&+9#>=�57868646*<$(#�?@57#/A%/.<57BDC7E7E�F�GH:�=�?JI C7E7E�FK+9'<*L02:M=-C7E7E�F�NPORQ�ISTN UR+9VKW
X<Y #/Z<[

\^]`_ba;c�d(\^]�e;f�fHg



� �����ö�����R�\���	�9�¤�%��
������\�J�O��*�������������
ÑÎ��«c ] ¤�P¢��*£¤ªP�¯µ¶�P�\µ�½?«c�P½c±³P°$�PP±w¿�®B«U£¤±³°cä�¤�B´³«<£¤±³°c � Ý�� ¥ ���<ó ©G£7«< Þ���� � Þ����� 6� � Þ «<�²
�PP±w¿��B²�®�°c�P�P´³±³P½? "!cë � !�#RÌ\¬��\£`�ÿøÝ ºR±³´w´y¬���£]«cÅc�BÃ«c d±³�²\�B���B�²\�B?£%$�£¤°�±³/¹c�B 9£¤±³½?«<£¤�
£¤ª��
±³¢���«c®3£
°<·WP��º� 9£]«<£¤�: ¯«? Ã«ä·¸�P�®3£¤±³°cö°<· �ÿøÝ À'&�°c�¯£¤ªP�»/�P¢����]±³®B«<´�¹U«<´³�P�B Ãºh�¶£7«<Åc��� Þ(�àç� 6� È ��}Ì
Ö � åM��) ��* ì+� �� ó È ��}Ì-,.) � !cë ��) �Æç� ì È ����Ì�£]«<�/ � � Ì �10 ���2 � È ����Ì�P��½?´w�:®>£W¥| 9¢*«c´w´L©
þ÷l¾ þ÷�ø�¢�±wÄ\±wP½�Ì�«<�²Ã«?²\°c�\£d£]ªP�lßZñ:�P�\µù«c ] 9±³½c�¢W�BG£h·¸°?�d£¤ªP�l§-ë}¥ ç ©d®7ª�«c�¤½?�B  æ �Uè À
§%P´³±³Åc��£¤ª�� � Ä � µ¶�P�PµÓ®�«c ¤�cÌP£¤ªP��·¸�P´³´ �UÄM�WP���\£]�]«c´w±³P°*¢*«c ] d¢*«U£]�¤±wÄ¯®B«<PP°c£%¬��}²\±³«c½c°?�«<´³±³ ¤�B²

«<�«c´w¡G£]±³®B«<´³´w¡?À�Ø�°Uºq�B¹c�B�BÌy ¤±w�®3�W£¤ªP�*¢�±wÄ\±wP½�¬��3£5ºh���BÎ£]ªP�*P�Bº «<�²»µÎ�P�\µõ 5£7«U£]�B �±Â � 9¢*«<´³´^�"¥ �\©
®3°?¢W��«<�]�B²�£]° � 
��-
7� Ì<°?P�R®�«c}�����¤·¸°c�]¢ÿ¿��7 5£�£¤ª��d²P±³«c½c°c�«<´³±³ ]«U£]±w°?l°<·�£¤ªP� � Ä � µ¶�P�PµÕ«c�²l£]ªP� ì Ä ì
þã¾�þ÷�øy ¤�P¬P¢*«U£]�¤±Â®3�: R 9�B��«<�7«U£]��´³¡cÀ È ªP�BÃ£]ªP�l�����¤£¤�P�]¬�«<£¤±³¹c���3Ä\��«c� 9±³°c¯°<·�£¤ªP��¬P´w°\®7ÅG¾K²\±³«c½c°?�«<´³±³ ]«U£]±w°?
±wJ� � ��
�-
7�O���¤°U¹/±Â²\�B d«<¯�3ÄP®���´³´w�B?£�«c�P�P�]°1Ä\±w¢*«U£]±w°?*£¤°*¢*«? ¤ ¤�B d«<�²Ã¢�±wÄ\±wP½G  æ �<è À
È ªP��¢*«? ¤ q 9���B®3£¤�]�P¢Æ±³ h 9ª�°UºR*±w3&�±³½�À ç ¥ð´w��·L£7©q«c Z«l·¸�P�®3£¤±³°c�°c·>�ÿøÝ À	&P°?�h ¤¢*«<´³´��ÿøÝ £¤ªP�-��±³½c�B\¾

 5£7«U£]�B l¥|²\��P°c£¤�:²Ã¬/¡ÃG��¢�¬����7 dºR±�£]ª¯���¤±³¢��B 7©d«<�]��«c´w¢�°G 5£R�P�P�]�lµ¶�P�Pµ�§}¥ ç ©d«<�²$�\§}¥ ì ©h½G«<�P½?±w�°? 
þ465 Ý87:9 þ465 Þ%7 Ì\µ¶�P�\µ�ªP±³½c½? ¤±³P°?  þ4;5 � 789 þ4;5< 7 Ì/«c�²*¢*«UÄ\±³¢*«<´³´w¡�¢�±�Ä\�:²�§�ë�¥ ç ©�½G«<�P½?±wP°}«<�²� ¤±³P½c´³±w�°} 9£]«U£]�B BÌþ465= 7:9 þ465 ñ 7 ÀJÑêªP�B �ÿøÝ ±³ � 9ªP±w·L£¤�:²Ã£¤°*ªP±³½cªP�B�R¹U«<´³�P�B BÌ\£¤ª���¢�«? ¤ %��±³½c��/¹U«<´³�P�: q±³�£¤ª���P��ºÿ 9�:®>£]°c�R¢�°U¹c�«<��«c�9£:Ì�½?��P�B�]«<£¤±³P½� 5£]�¤°?P½�®3�]°? ] 5ýG°U¹c�B�q��«U£9£]���]� %ºRª���P�B¹c���-«¦¥ð ¤±w½?P�B²�©R¢*«c ] d·¸�]°c¢Õ£¤ªP�}P��ºÿ¬P´³°\®7Å
®3°?¢W�: �®�´w°G 9��£]°�°c��l°<·�£¤ª��Ã¥ð ¤±³½cP�:²�©%µ¶���\µÓ¢*«c ] 9�: �À È ªP±Â %ª�«<�P����� 
«U£ �ÿøÝ � �2 >�ç È ���É·¸°?� þ465 ñ 7«<�² þ465 Þ%7  9£]«<£¤�: �Ìo«<�²¶«U£ �ÿøÝ � ì? ��@ È �� ·¸°?� þ4;5< 7 «<�² þ465= 7 ÀA&P°?�-ª�±w½?ªP���,�ÿøÝ £¤ªP� þ465= 7 «c�P�P�]°?«?®7ªP�B £¤ªP�l ¤±³P½c´³±w�°� 9£]«<£¤�l«c�²"¬��B®�°c¢��B h£]ªP�lÊ��PË�À

0 1 2 3 4 5

M
’

1 [TeV]

10
2

10
3

10
4

  M
as

s [
G

eV
]

 Neutralino Masses

6’

6’

2’ 2’

5’

5’
1’1’

4’4’
3’ 3’

0 1 2 3 4 5

M
’

1 [TeV]

10
0

10
1

10
2

 C
ro

ss
 S

ec
ti

on
 [

fb
]

Neutralino Production  e
+
e
-
 ---> χ∼ 0

i  
χ∼ 0

j

σ{χ∼0
1χ

∼0
2}

σ{χ∼0
1χ

∼ 0
1}

σ{χ∼0
2χ

∼0
2}

3’4’

3’3’

4’4’

5’5’

3’3’

5’3’

2 3 4
 M’

1
 [TeV]

10
-4

10
-3

10
-2

10
-1

10
0

10
1

 D
ec

ay
 W

id
th

 [M
eV

]
 χ∼ 0

2
 ----> χ∼ 0

1
γ  / e+

e
-

e
+
e

-

γ

&±w½?�P�¤� ç ×.BDC�E@�ÿøÝ EGFIHIJLK?MONPHIQRH8S3TOJUEPSVMXW�QDEYK?MOZ\[IJ]N^Q_H3`a[cbVbGEdbVeAT:fVEYQ-MgEGZgWih_Z%HkjlK2fYMONPHIQRfGZ\HIb%bmbGE%fGMONPHIQ�b
SYHIZ þ465 Ý þ4;5 Ý e þ465 Ý þ465 Þ [IQDj þ4;5 Þ þ4;5 Þ h2[IN^ZVbnN^Qpocq	o�rsfVHIJ^JLNtbdNPHIQ2bVem[IQ_jRTgZdN]ucCvMXW+h�[lZdMwNP[lJxj�E%fV[ly{z	NPjIM|C�b�H:S þ4;5 ÞT}SVZ\HI`�~t���OWl�

Òh£�«<.ocq	o�rÛ®�°c´³´w±Â²\���%£¤ªP���P�]°\²\��®3£¤±³°c��P�]°/®��B ] 9�: xo�q	o�r�� þ4;5� þ4;5� «<�]�
½?��P�B�]«<£¤�:²"¬/¡3�3ý\®7ª�«<P���´ü Ý «<�²�ü Þ ��Ä\®7ª�«<P½?�B d¥¸¢*«c ] 9¾k�B±w½?��� 9£]«<£¤�B �°<·yüí«<�²�ü%øÂ©>Ìc«c�²m�ký�«c�²���ý/®7ª�«<PP�B´ þoc�D� ����ÄP®7ª�«<P½?�B BÀ �ô "°?�P�h ]®3�B�«<�]±³°	���v� ��>P��>@� ����ÌG£¤ª���ü
ü%ø�¢�±�Ä\±³P½}«cP½c´³� � �D� 7 �!ó2 óA�Ãç � r � Ì\«<�²a,p��:��� � ��� �Pç
� ��}À È ªP� �ÿøÝ ²\�������²\���®���°<·�£¤ªP���P�]°\²\��®3£¤±³°cÃ®��¤°G ¤ d ¤�B®3£¤±³°c� h·¸°?�q£]ªP��£¤ª��¤�B�
��«<±³�¤±³P½? h°c·�£¤ª��-£5ºh°´w±³½cªG£]�B 9£%P���\£]�]«c´w±³P°G �Ì_� ç?çl� 9 � ç1ìv� «c�²�� ìcì?� ÌG±³ R ¤ªP°UºR¯±w.&±³½�À ç ¥|®3��G£]���>©q·¸°c� * � � @ �P��� ��}À2&P°?�
 9¢*«c´w´^�ÿøÝ £¤ªP�*�P�]�B ¤���®3��°<·%ü Þ ª�«? �´w±w£9£]´w�*±³?�������®��*°c1��� þ4;5 Ý þ465 Þ � ºRªP±³®7ªÛ±Â �°<·R ¤±w¢�±³´³«c�l 9±³û��*«c �±³£¤ªP��µ¶�P�Pµ ·¸°c�W¢�±�Ä\�:²îªP±³½c½? ¤±³P°¦��«c±w�7 �ÀÛØ%°Uºh��¹?���l±w£* 9±³½cP±w¿�®B«<G£¤´³¡Î�BPª�«c�®3�: }²\±Â«<½?°c�«c´ZªP±³½c½G 9±³P°
��«<±³�7 ���� þ4;5 Ý þ4;5 Ý � «c�²���� þ4;5 Þ þ4;5 Þ � ®�°c¢���«<�]�B²ÛºR±w£¤ªÏ£¤ªP�¯µ¶�P�\µîÌ��¹?��Û£]ªP°c�P½?ªÛ£¤ªP�Ã´w±³½cªG£�����\£]�]«c´w±³P°
 %¡ 57#R+^V $8¢/.3+9'<46%/V 5V£MZ7$('<$(# +")�46'<Z '<57' W Y '<4 ¤�$(#/%/+98?¥�¦P§\¨�Z�+ Y Z746'<5 V +9%/%�$(% N�%/$($1$7[ Z<[;© F\ª2[«Y¬ .<$1' Y V X $(#/46'<Z�>4 )�.<5 Y )>B<#�46V $&%-#�$®£ $(#/%-)�5KV +9%/%-$(46Z7$('<% ) +")�$(% 57#/*<$(#�$&*D+V¢:¢&57#�*<46'<ZT)�5 +9%O¢($('<*<46' ZKV +9%/%�$&%&[

\^]`_ba�cPd(\^] e;f�fHg



¢*«c ] 9�: R«<�]�
��B«<�]´³¡�±³²P��G£¤±Â®�«c´o±w¯£¤ª���£5ºq°�¢�°\²\��´Â �ÀqÒh£�«<�²Ã¬��B¡c°?�²Ã£¤ªP�l®��¤°G ¤ 5ýG°U¹?���ZºR±w£¤ª$ ¤±w�½c´³±wP°�Ì
�ÿøÝ � ì? ��@ È ����Ì�²\�7«<¢*«<£¤±Â®
®7ª�«<P½?�B d 9��£%±w¯·¸°?�R��«<±³�] h±³/¹c°c´³¹/±w�½�£]ªP��´w±³½cªG£]�B 9£%P���\£]�]«c´w±³P°�À
Òh£-£]ªP�}Ê�Ø
é £]ªP�WP���\£]�]«c´w±³P°G %ºR±³´w´�¬��W«c�«<´³¡/û��B²����¤±³¢*«<�]±w´³¡Ã±³Î®B«c ]®�«?²\��²\�:®�«1¡\ %°c·q ¤ÐG��«c�¤Å\ R°?�

½c´³�P±³P°? BÀ ô ¶£]ªP��§-�P�Pµ(£]ªP��®�«? ¤®B«c²\��®7ª�«c±w� �¢*«1¡¦¬����3Ä/£¤�B�²\�:²»®�°c¢���«c�¤�:²¦ºR±w£¤ª»£¤ªP��µÎ�P�\µò¬/¡
«<ä«?²P²\±w£¤±³°c�«c´q 9£¤�B�ä²\�P�"£¤°$£]ªP�"�P�]�B ¤���®3��°c·R£5ºq°¦���ºÆP���P£¤�7«<´³±wP°Î 5£7«U£¤�: �Ì�·¸°?����Ä\«c¢��P´w�?Ì þ�_� �
� þ4;5 ñ � �oü Ý þ465= � �oü Ý � þ�G� � �yü Ý ��� þ4;5 Ý 9 ºR±�£]ªä��«c�9£]±³«c´q²\�:®�«1¡ÛºR±Â²/£¤ª� � ¤±w½?P±w¿�®�«c?£]´w¡»¢�°\²\±�¿��B²¬/¡ä£]ªP�¶ ¤±wP½?´w±³P°Ï«c�²í¬P±w�° � «?²\¢�±�Ä/£]�P�¤�: �ÀöÒ%´Â 9°Û£]ªP�¦�P�]�B ¤���®3�$°<·l«?²P²\±w£¤±³°c�«c´�Ø%±³½c½G �¬�°G 9°?íºR±³´³´
±w����P���®3��£]ªP��²\�:®�«1¡Ã®7ª�«<±³� �Àhµ$°c�]��°U¹?���:Ì\±w�£]ªP��®��¤°G ¤ 5ýG°U¹?���ZûB°cP�: d£¤ª��l½?«c�� R¬��3£5ºh�����£]ªP�l¢*«c ] ¤�B 
°<·�£¤ª��l��±³½c�B� 5£7«U£]�B R¬��B®�°c¢���¹c�B�¤¡" ¤¢*«<´³´� ¤�P�P�P�]�B ] ¤±wP½* 9£]«c�²P«<�7²�²\�B®B«1¡"®7ª�«cPP��´Â %«c�²oÌ�«? %«��]�B ¤�P´�£:Ì
��Pª�«<�®�±wP½¯�7«c²\±Â«U£]±w¹?�W²\�:®�«1¡\ -°<·q����\£]�]«c´w±³P°? BÀ È ªP�: 9��²\�:®�«1¡\ -«c�¤�W��«c�9£]±³®��P´³«c�¤´³¡�±w¢���°c�¤£]«c?£�±³¶£]ªP�
®3�]°? ] Ký/°U¹c�B�%«U£ � øÝ�� ì? �PÌ�ºRªP���]�l£]ªP���7«c²\±Â«U£]±w¹?�l¢�°\²\�B  þ4 5 Þ 9 þ4 5 � � þ4 5 Ý���� 9 þ4 5 � � þ4 5 Þ	��� ¬��B®�°c¢��P°c\ýGP�B½c´³±w½?±w¬P´³�cÌ� ¤��� &±w½�À ç ¥ð�¤±³½cªG£>©>À¦�/±³�®3�*£]ªP���Pª�°<£¤°?ÛºR±w´³´Z¬��"¹?���]¡¶ 9°c·L£BÌ£¤ª��B ¤�"²\�B®B«1¡\ �ºR±w´³´Z¬��
±w/¹/±Â 9±³¬P´³��¢�«cÅ/±wP½W£]ªP�l²\�B®B«1¡�®7ª�«<±³� R«c�P��«<�]��G£]´w¡� ¤ªP°c�¤£¤�B�BÀ


 ������� ���� �9�¤�D��\�9�Z��
�7�J� ���������s��/�?�y�

0 5 10 15 20

M
′

1
(TeV)

10−3

10−2

10−1

100

101

102

Ω
C

D
M

h
2

ΩCDMh
2

ΩWMAP
CDM

h
2
± 2σ

ΩWMAP
CDM

h
2

2.5 3 3.5 4 4.5 5
M¢

1 @TeVD2.5

5

7.5

10

12.5

15

ΣSI @abD

&±w½?�P�¤� ì ×�BDC�E �ÿøÝ j�E®h2EYQDj�EGQ_fVE.H:S�TgJXEPSVMXW M|C�E�h_Z%E%jlNPfYM®EVj�Z\EYJ]NPf.j�EGQ�bdN^MwypH:S�����ei[IQ_j TgZdN]u�C?M]W�M^C2E
EYJU[cbdMwNPfabOh_N^Q��®N^QDj�E®h�EGQ_j�EYQ-M���������� ��� E fGZ\HcbVbAbGEVfYMONPHIQD�! .E Z\EYbVMOZdNPfGM�M^C2E+ZdN]u�C?M C�[lQ_jmhDJXHIM�M®H#"�B2E�$
[cbiM|C�EGZ\Em[lZ\E�Q_HaQDEYz SYEV[lMwK?Z\EYb�[&%VHIFIE�M^C?NtbmEYQDEYZwu�y��
ô ·q£]ªP�*´³±w½?ª?£]�B 9£lP���P£¤�7«<´³±wP°î¥|Ê��\Ëh©
±³ ���Ä\���:®>£¤�:²Î£¤°$¬���£¤ªP�� ¤°c�P�7®3��°c·q£]ªP�*�¤�B´w±Â®�«<¬P���²P«<�®3�*°<·

²P«<�]Å�¢*«<£9£¤�B�Z±³�£¤ªP���PP±³¹c���7 ¤�cÌU£]ªP�%�P�]�B²\±Â®>£]�B²��]��´³±³®R²P��� ¤±�£5¡�²\�B���B�²P J°?W£¤ªP��Ê�\Ëî®3°?¢���°G 9±w£¤±³°cyÀ ô 
£¤ªP�}´w��·L£���«cP��´�°<· &±w½�À ì ±w£-±Â % ¤ªP°UºR¦«c %«W·¸���®>£]±w°?¦°<· �ÿøÝ æ � è À�&P°c�- 9¢*«<´³´R�ÿøÝ £¤ªP�}Ê��\Ë ±Â �«c´w¢�°? 9£
«<»µ¶�P�\µ(ªP±w½?½? ¤±w�°"«<�²$·¸°c��«"¢*«c ] D� óP����� �� £¤ª��}�P�]�B²P±³®3£¤�B²¦¹1«c´w����·ð«c´w´Â �¬���´³°Uºÿ£¤ª��}Ñ!µ¦Ò-Ë
�¤�: 9��´�£:ÀqÒ� `� øÝ ±w�®3�]�B«c ¤�B BÌ/£¤ª��� 9±³P½?´w±³P°*«c²\¢�±wÄ/£¤�P�]��±w�®3�]�B«c ¤�B R ¤�P�P���¤�: ¤ ¤±w�½}£]ªP�lÊ��PËê«<PP±³ªP±³´³«<£¤±³°c®3�]°? ] � 9�:®>£¤±³°c «<�²Ï£]ªP�$�P�]�B²\±Â®>£]�B²í�¤�B´w±Â®�²\��� 9±w£5¡Ï±³�®3�]�B«? 9�: �À È ªP�¦ 9±³P½?´w±³P°îÊ��\Ë �P�]�B²\°?¢�±w�«cG£¤´³¡
«<P�±wªP±³´Â«U£¤�: R¹/±³«�«c¯°cÔ�¾K ¤ªP��´³´� 9¾{®7ª�«cPP�B´y 9±³P½c´³�3£%Ø�±w½?½? BÌPºRªP±Â®7ª�²P�B®�«1¡\ q£¤°�£5ºh°�´w±³½cªG£�Ø�±w½?½? d¬�°? ¤°c� BÀ
Ò� D�ÿøÝ ±³�®3�]�B«? 9�: �Ì/£]ªP��Ê��PËê¢*«c ] %²\�B®��¤�:«c ¤�B R«c�²�«U£D�ÿøÝ � ó� ó È ���É±�£-�¤�:«c®7ªP�: x, �')( * �ÿìP�P��� ���
¢*«<Å/±w�½Ã£]ªP�*�]�B ¤°c�«c?£�«<�P±wª�±w´Â«U£]±w°?»¹/±Â«Ã£¤ªP�*ªP�:«1¹/¡¦Ø%±³½c½? �¬�°? ¤°c»�,+�®�±w�B?£l�BP°c��½cªÎ£¤°�´w°Uºh���
£]ªP�
�¤�B´w±Â®�²\��� 9±w£5¡cÀ &��P�9£]ªP���R±³�®��¤�:«c ¤�-°c·1�ÿøÝ  ¤ºR±�£7®7ªP�B d°cÔ$£¤ªP��ª��B«1¹/¡�Ø%±³½c½G d�¤�: 9°?�«<�®��-«c�²¯��¹c�BG£¤��«c´w´³¡
£¤ªP��Ñ!µ¦Ò�Ë ¹U«<´³�P��±Â R¢��3£�¥ð ¤ªP°UºR$«c R«WªP°?�¤±³û�°?G£]«<´o¬�«<�²Ã±w &±³½�À ì ¥¸´³�3·L£7© æ � è ©>ÀhÒ%�]°c�P�² �ÿøÝ ���v 6�
È ���â£]ªP�-Ê�\Ëî¬��B®�°c¢��B q´w±³½cªG£]���J£]ª�«<�£¤ªP�-´w±³½cªG£hØ�±w½?½? BÀ È ª�±³ h 9ºR±w£]®7ª��B J°cÔÃ£]ªP�-«cPP±³ªP±³´³«<£¤±³°c�¹/±Â«l«<
°<Ô�¾{ ¤ªP�B´w´� 9±³P½?´w��£qØ%±³½c½G �Ì þ4 5 Ý þ4 5 Ý �.- Ý - Ý ÌGP°c�]¢*«<´³´w¡}£¤ª��-²\°?¢W±³�«c?£h«<PP±³ªP±³´³«<£¤±³°c*¢�°\²\��°c·y«l 9±³P½?´w±³P°

\^]`_ba;c�d(\^]�e;f�fHg



Ê��\Ë�À�Ò� �«¯�¤�: 9��´�£�£¤ª��*�¤�B´w±Â®�²\��� ¤±w£5¡¶�]±³ ¤�B � ¤ª�«<�]�P´³¡cÀa&P�P�¤£¤ª�����±³�®3�]�B«? 9±³P½ �ÿøÝ ²\�B®��¤�:«c ¤�B -£¤ªP��Ê�\Ë
¢*«c ] ��PG£¤±³´Z±w£l¢�«<£]®7ªP�: 
£¤ªP�*�]�B ¤°c�«<G£l«<PP±³ªP±³´³«<£¤±³°cÛ®7ª�«<�P��´Â �°<·h£¤ªP�*´³±³½cªG£�Ø%±³½c½G *¥ð«U£�«c�¤°?�P�² ç�
È ���
©d«c�²�ü ¬�°? ¤°cÛ¥ð«<£%«<�]°c�P�² ì � È ��
©3À ô ¯¬�°c£¤ª$®�«? 9�: Z£]ªP±Â R�¤�: 9��´�£7 q±³$«� 9±³½cP±w¿�®B«<G£d²P±w��±³"£]ªP�
�¤�B´w±Â®�²\�B� 9±w£5¡cÀ
È ªP�* 9±³P½?´w±³P°¯�«U£]�P�¤��°c·Z£¤ª���Ê�\Ëö±³ �«c´³ ¤°¯°<·q±³¢���°?�9£7«<�®��W·¸°c��²\±³�¤�:®>£lÍ-µõ ¤�B«c�]®7ªP�: �À ô £�ª�«c �«

 5£]�¤°?P½�±³¢���«c®3£�°cl£]ªP�d��´Â«c 9£¤±Â®Z ¤�P±³\¾k±³�²\�B���B�²\�B?£J ]®�«<£9£¤�B�¤±³P½
°<Ô�£¤ª��h/��®�´w�B±|ÌU�?À ½�À�«?  ¤ªP°UºR}±w &�±³½�À ì
¥¸�]±w½?ªG£7© æ � è ·¸°c�d£]ªP� � � � ��G��®3´³���� �¥¸£¤ªP��/�P¢����]±Â®�«<´y®�°\²\�B dª�«1¹?�-¬����B¯²P��¹c�B´w°?���:²"±³ æ @ è ©3À &P°c�% ¤¢*«<´³´
�ÿøÝ £¤ª��d£5ºq°�´³±w½?ª?£]�B 9£JP���P£¤�7«<´³±wP°G d¥ óM� «<�² � � ±³a&±w½�À ç ©�«<�]�h«c´w¢�°? 9£J�P�P�]�d¢*«UÄ\±w¢*«c´w´³¡l¢�±�Ä\�:²WµÎ�P�\µ
ªP±³½c½? ¤±³P°? BÀÃÑêª��� �ÿøÝ ±w�®��¤�:«c ¤�B BÌy£]ªP�"¢�±wÄ/±³P½¦ºR±w£¤ªO 9±³P½c´³±³P°$´w°Uºh���7  , < 7  ¤°$£]ª�«U£}«<£ �ÿøÝ �Õì? �
È ���ê£¤ª��� 5£7«U£]� � � ¬��B®�°c¢��B �£¤ªP��Ê�\Ë�À?�/±³�®��R£¤ªP��ªP±w½?½? ¤±w�°
¢�±wÄ\±wP½l«cP½c´³�B Z«<�]�d ¤��®7ªW£¤ª�«U£J£]ªP�%��´Â«c 9£¤±Â®
 ¤®B«U£¤£¤���]±³P½�°<·h£¤ªP�" 9£]«<£¤� � � ±³ l«c´w¢�°G 5£�£5ºh°¯°?�]²P���7 �°<·q¢*«c½cP±w£¤��²P�� 9¢*«<´³´³����£¤ª�«<»·¸°c��£]ªP�� 9£]«U£]� óM� Ì
±�£W�3Ä\�P´Â«<±³� �«¶ 9��²�²\��ä²P�¤°?�Ï 9�B��î±³�&�±³½�À ì ¥ð�¤±³½cªG£7©3À¦Òh£�£]ªP�Ã ]«<¢��*£]±w¢���£]ªP�Ã ¤±³P½c´³±w�°¦«<�²î¬�±wP° �
«c²\¢�±wÄ/£¤�P�]�}°c·J£¤ª���Ê�\Ë ±w�®��¤�:«c ¤�B BÌ�ºRª�±³®7ªÎ�3Ä\�P´Â«<±³� �«�´³°/®B«<´�¢*«UÄ\±³¢��P¢ «c�¤°?�P�² ì À @ È ����ÀyÒ� -£]ªP�
 9±³P½?´w±³P°Ã®�°c¢���°cP�B?£�¥L£]ªP�* 5£7«U£¤� ��� ©R°c·J£¤ªP��Ê��PË!¬��B®3°?¢��B 
²\°c¢�±³�«<G£�·¸°?�-ª�±w½?ªP���,� øÝ ¹U«c´w�P�: �Ì�£]ªP�
��´Â«c 9£¤±Â®�®3�]°? ] d 9�:®>£¤±³°c¯¬��B®3°?¢��B R ¤¢�«c´w´³���%«c�²¯ 9¢*«<´³´³���:À
� �d� � �s�����
È ªP��§�¥ ç ©%��Ä/£¤���²\�B²¦µÎ�P�\µ����¤°U¹/±Â²\�B -«<¦�B´w�B½?«<G£
ºh«1¡¯°<·Z ¤°c´³¹/±wP½�£¤ªP�WÖÏ�P�]°c¬P´³��¢�À
Ò� -£¤ªP�WP�B�\¾
£¤�7«<´³±w�°� 9�:®>£¤°?�R±³ %�3Ä/£¤�B�²\�B²yÌP£¤ª���®3°?´w´³±³²P���%�Pª���P°?¢W�BP°c´³°c½?¡�®�«c� ¤±³½cP±w¿�®�«cG£¤´³¡"¬���«<´w£¤�B�¤�:²Ã«c�²�P��º
 ¤®����«c�¤±³°? l·¸°c�W¢*«U£]®7ª�±wP½¶£¤ªP�¯Ñ!µ¦Ò-Ë ®�°c� 9£¤�7«<±³G£}®�«cÏ¬��¯�]�B«<´³±Â 9�:²oÀ��-��"�3ÄP«c¢W��´w�?Ì�±wí®3°cG£]�]«? 5£
£¤°$£]ªP�"á-µ¶�P�\µîÌ�±³ �£¤ª�«<£l£¤ªP�Ã§-�P�\µ ®�°cG£]«c±w� ��¤�B½c±³°c� �±³îºRªP±Â®7ª»���¤�:²\°c¢�±³�«<G£¤´³¡Î ¤±³P½c´³±w�°¦²P«<�]Å
¢*«U£9£]���Z®B«<W¿P£J£]ªP�RÑ!µ¦Ò-Ëî�¤�B´w±Â®R²\�B� 9±w£5¡�¢��:«c ¤�P�¤�B¢���G£�ºR±�£]ªP°c�\£Z£¤ªP�RP�B�B²W·¸°?�J®3°?«cPP±³ªP±³´³«<£¤±³°cyÌ<°?�
�¤�: 9°?�«<G£R 5¾K®7ª�«cPP��´y«cPP±³ªP±³´³«<£¤±³°c¯�P�¤°\®��B ] 9�: �Ì/ºRªP�B�¤�
£¤ª��lÊ��\Ëê«cPP±³ªP±w´Â«U£]�B d¹/±Â«âþãíþ÷ ø �Óã����.- -yÀ
� ���R�%�
	R�8����� � � ���Z��

ÑÎ°?�¤Å� ¤�P�P��°c�¤£¤�B²�¬G¡}£¤ª��-Ë�°c´³±Â 9ª*µ$±³P±Â 5£]�¤¡�°<·��\®�±w�B�®3�
«<�²*Ø�±w½?ªP���hßZ²\��®�«U£]±w°? � �]«cG£qá%°�À ç Ë �có�
ç�� @ óP� «<�²¦£¤ªP��ßhéÇËJ�]°��5�B®3£
µ È�� Í�é È ¾ ì �P� � ¾ �?ì�> � �����?Ë�«<�¤£¤±Â®3´³��ËJª/¡\ 9±Â®� 
«<�²»éq°? ¤¢�°c´³°c½?¡�×h£]ªP�
ô G£¤���¤·ð«c®�����À��?ËqÁ ºq°?�P´Â² ´w±³Åc�¶£¤°Ï£]ª�«<�ÅíÒ�´w��Ä\«c�²\�B�¯ËZ�PÅ/ªP°U¹O«c�²!Ò%�²\�¤�Û�/��¢��BP°U¹ä·¸°?�"�� ¤�3·¸��´
«c²\¹/±Â®3�?À
� ��V�y�����-�D�6

© §®ª ¡ 57# +D#/$:¢($(') % Y V V +9#��,+9' * #/$®£ $(#/$('c¢($(% NM%/$($ O^[ �<[�� 468686$&#&N��1[�� $®¤! (57#/58¤�+9' * !M[ � [�" $&#P +9% N�� Y ¢(8 [;!H.#��% [�$

%�&�' ¦ C7E7E)(G¨+* [
© C%ª`O^[MI Y $(V +")/% Y +9'<*@ST[�S�+9V +9Z746%�.<4 N�02'�) [,�<[�� 5�* [ !�.-� %&[�./'�0n¦P§213134Y¨5(-47C�§367� [M=_¤�$ )/498¢�NMO^[ . [�OR$(V 46#&N��<[ �1[

Q�%�B<46'<57% + N :�[ :�[ Q-¤�$(#/$ ) ) +9'<*`! [ :�+9'<Z�+V¢ A7$(#&N !�.-� %&[�� $®¤P[3O;:�%A¦w§2131�Fd¨ C3<3=�§36>:?&m¦P§2131�Fd¨ §d§21317E34�¦ Q ¨ [
© *%ªDIP[ ¡ [�@ 46'<Z<N IP[>� 57#/$ ) )/4�+9' *A� [�� $®¤! (57#/58¤�N !H.#��% [>� $®¤�[3O�B?Cm¦ C7E7E3=Y¨>E3*347E7E31A© +9#�DR4 ¤PG .<$(B W2B<.?E9E34�§&E)(c§21%ª2N +9' *

#/$®£ $&#�$('c¢($&% )�.<$(#/$(46' [
© (VªDIP[ S^[�=�.<574 N�U [;Q [;U>+ X $&#&N,�<[�@1+98646'<58 %/A4�+9'<*	! [F� [," $&#P +9% N�� Y ¢(8 [�!�.-� %&[,$GB�B?&n¦ C7E7E�Fd¨5<34m© +9#HDR4 ¤PG .<$(B W

B<.�E9E3=�§&C7C�§2<%ª2NP+9'<*`#/$®£ $&#�$('c¢($&% )�.<$(#/$(46' [
© 4%ª�IT[,$-+9#�Z7$(# NM!M[�:�+9'<Z�+V¢ A7$(#&N�0 [�: $: 46%&NJ� [�� ¢ = +9%�A7$K�NML^[ I�.<+ Y Z7.<'<$(%/%N� +9'<*O$R[;S�$('c¢/.<5<N�!H.#��% [�� $®¤P[ OPB�:¦ C7E7E�Fd¨ §d§247E7E7C © +9#HD>4 ¤�G . $&B�W2B<.�E9E�F9E7C7E3*3=%ª2NP+9'<*`#/$®£ $&#�$('c¢($&% )�.<$(#/$(46' [
© =%ª`O^[?��+9#�$8¢/A9+ N��<[�@1+98646'<58 %/A4 N3IP[ ¡ [ @ 46'<ZT+9'<*Q�<[�� 5 X $(#�)�% N<46'`B<#/$(B3+9#/+")/4657'�[
© F\ª`O^[ I Y $(V +")/% Y N?��U>QH!R0�%�'�' ¦ C7E7E3=Y¨>E7C31 © +9#�DR4 ¤PG .<$(B W2B<.?E9E3=7E3=�§&C34%ª2[
© <%ª`O^[?��+9#�$8¢/A9+ N�� Ik¢ )�.<$(%/46%&N!S-T3T)UWVYX3X[Z3Z3ZW\^])_3ZW\a`)b)_W\cU�d3X!efb-g3h3i-`#j[k#h-X[U�i-h#j)h-X[U-i#h#jlhnm3m2o3p-q)b3r7\cU-b3]+¦ 46'D!M578646%�.l¨ [

\^]`_ba�cPd(\^] e;f�fHg


