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Figure 5.8: RG evolution of the
Q)

in the Standard Model (dashed
lines) and the MSSM (solid lines).
In the MSSM case, the sparti-
cle mass thresholds are varied be-
tween 250 GeV and 1 TeV, and

123.

2 4 6 8 10 12 14 16 18
Log10(Q/1 GeV)

0

10

20

30

40

50

60

α−1

α1
−1

α2
−1

α3
−1

$O`ym=s�oke W ��+ÐM�4}Yj=vcs6hi`cjYb^jYt�`cb�}YeGok��e-m�]Ys+m=e-~GjYs�u�vc`yb�m=� `cb�hkz�e��>hi]Yb�d�]�okdr�*j>d�egvAµ�d�]Y�kz�egdrvc`cb+eG��·
]Yb�dChiz�e��1���+� µ���j=vc`yd*vy`cb�eg��· �L
�z�e^�1����� vc`yb�eG�	]Yo�e\d�ok]pw�b*w�`yhkzC}�]Yo�`�]�hk`cj=b+��`cbC�ku�]Yo�hi`y~Gvce
_�]Y�k��eG�	]Yb�d9hiz�e���hiokjYb�m�~gj=s�u�vy`cb�m� D�¬ �¨�
hi`yj=b��I
�z+eGoke�`y��]Yvc��j{b�j{s�b�d�egok��h�]Yb�d+`cb�mHjYt�hiz�e�jYok`cmY`cbxjYt hiz+e.�+��3�!f+okep]��>`yb�mru�]Yok]Y_�e�hiegok�G|
j=o�~�z+j=`c~geHj�tLu�]Yoi]Y_HeghkeGo���w�z�`c~�znvceG]Yd���hkj�eGvceg~ghkokj�w�eG]Y��� K _H_�e�hio K f�o�ep]Y�3`cb+m�� JLK eG_^fTeGd>@
d�`yb�mr�+/�3�!`cb�]r,�oi]�b�d9(b�`���~p]qhi`cjYbx
�z�eGjYo K µ¨,.	
	·"t�oi]�_�e�w�j=o���|+`yh�f�eg~Gj=_HeG��uTj=���k`cf+vce(hkj
�kjYvy}=e�hkz�eG��e\u�o�j=f�vyeG_H�G�

�n�ß�,��« ª ÙN§BÙ�ØÚ¦L®_£ná~}V¢�©�âp©J¦¬ Ù�¥g_

�z�e"�kjYt®h f�o�ep]Y�3`cb+m	hkeGok_H�Aoks+b^]Y� ]-t�s�b�~�hi`cjYb\jYt6eGb+eGokm K �k~p]�vce"]Y��d�j�hiz�e�m�]Ys+m=e�~Gj=s�u+vc`cb+m=�G�

�O]�oi]Y_HeghkeGok����s�~�z1]Y��m�]�s�m=`cb+jr]Yb�dC�k~p]�v�]Yo�u�]�o�hi`y~Gvye�_�]��k��hiegok_H��s�b�`yt K ]�h��kj=_He�v�]�okm=e���~p]Yvye
®z¯ ���+/�3� f�o�ep]Y�3`yb�m�`y��_HeGd�`c]�hiegd�t�okjY_ hkz�elò>ó�ú�ú>è�ùPì�è�ô�í#ïqû�hij�hkz�eÚÞ�ócì�óN�Göcè9ì�è�ô�í#ïqûnf K
��]p}=jYo�@#f+vc`cb+d7`cb�hiegoi]Y~�hi`cjYb�����s�~�z�]Y��m=oi]p}>`yh K �©
�z�`y�x`c��hkz�e�_HeG~�z�]Yb+`c�k_ d�eG��~Go�`cfTeGd[`cb)hiz+e
î{ó®ù�ó®îHõYöMê�þ�ø�è�û��Yû�õ�Þ�ó®í¨ë%µ�_��+�,��	��·/�k~geGb�]Yo�`cj¤� W � �¨� JLK t�j=o�~G`cb+mxhiz�er�kj�t®h�@#f+okep]��>`yb�m�hiegok_H�
hij9fTer~Gj=b���`c��hieGb�h�w�`yhkz�jYf��kego�}�]Yf�vye{u�z�eGb+j=_�egb�]+| ]Yb�dl`c_HuTj=�k`yb�m�hiz+eH`yb�`yhk`�]Yv ~GjYb�d�`yhk`cj=b+��jYt
hiz+e�_Hj6d�egvMu�]Yoi]Y_HeghkeGo���]�h	hiz�e�s�b�`y��~p]�hk`cj=b*�k~p]�vceY|�hiz+e^b3s�_^fTeGo/j�t4t�okeGe\u�]Yok]Y_�e�hiegok�/`yb�hiz+e
hiz+eGj=o K `c����`cm=b�`���~p]�b3hkv K okeGd+s�~Gegd1]Yb�dC`cb+~Gvcs+d�eG�gÐ



D¥²

� Ê�Ë�|+hkz�e�~Gj=_H_Hj=b��k~G]Yv�]Yo�_�]Y����hkeGo�_¡]�h�hiz+e.s+b�`y��~G]�hi`yj=b9�k~G]Yvce

� Ê ¾¨ÌRÄ |�hkz�e�~Gj=_H_�jYb�m�]Ys�m=`yb�j{_�]Y�k��hiegok_¡]qh�hiz�e�s�b�`���~p]qhi`cjYb��k~p]�vce

� hi]Yb�ã�|�hiz�e�oi]qhi`cj{j�tM}�]Y~gs�s�_¼e �+uTeG~�h�]�hk`cj=b9}�]Yvcs+eG��jYt hiz�e�h#wLjx'	`cm=m=��d�j=s�f�vyeghk�

� à Ëp|�]{~Gj=_H_�jYb9hkok`yvc`cb+ep]Yo"~Gj=s+u�vc`yb�mr~Gj=b���h�]Yb�h(]�h�s�b+`y��~G]�hi`yj=b9�k~p]�vce

� ��`cm=b�µ�á�·�|6hiz�e��k`ym=b9jYt hiz�e.'(`ym=m=��`cb�j{_�]Y�k��u�]Yoi]Y_HeghkeGo

JLK eg}Yj=vy}>`yb�m/hiz+eG�ke�u�]Yoi]�_�e�hieGo��Mt�o�j=_BeGb�egokm=`yeG�O]�hOhkz�e�,�(
Q��~p]YvyeLhij	hiz�e�eGvceg~ghkokj�w�eG]Y�.�k~p]�vceY|
hiz+e��6��3�<u�]Yo�hi`y~Gvce/�kuTeG~ghkoks�_Ý]�b�d*_H`��6`yb�mr]Yb�m=vyeG��fTeG~gj=_�e�d+eghiegok_H`cb�egd%µ�$O`cm+� W ��F ·d� W F �¨�

2 4 6 8 10 12 14 16 18
Log10(Q/1 GeV)

0

100

200

300

400

500

600

M
as

s 
 [G

eV
]

m0

m1/2

(µ2+m0
2)1/2

squarks

sleptons

M1

M2

M3

Hd

Hu

$O`ym=s�oke W ��F�ÐO�4}Yj=vcs6hi`cjYb�jYt��k~G]Yv�]Yo"]Yb+d�m�]Ys+m=`cb�j�_�]Y�k�"u�]Yok]Y_Heghiegok��`cbrhiz+e��1�+����|>`c_Hu�j=��`cb�m
s�b�`���~p]qhi`cjYb�f�j=s+b�d�]Yo K ~Gj=b+d�`yhk`cj=b��&� D�¬ �¨�

�z�e\'(`ym=m=�-_�]Y�k��u�]�oi]Y_HeghkeGo�`c��mY`y}=egb*f K ��j=vy}>`yb�m�� D�¬ �

hi]Yb Ä ãnÁ á�ÄM¸2Ê�Ä fn°�¸SÊ�Ä ±�Ô W
á Ä ¸2Ê Ä f5² ¸SÊ Ä ± Ô W Ó µ W � Z ·

�/��hiz+e.t�o�eGe{�6��3�©u�]Yok]Y_�e�hiegok�(]Yoke�eg}Yj=vy}YeGd1d+j¥w�b*hijrhiz�e\eGvceg~ghkokj�w�eG]Y�9�k~G]Yvce�|Tál`c��d�o�`y}YeGb
b�egm�]�hi`�}=e��I
�z�`c�O`c�Iu�o�eG~g`c�kegv K w�z�]�h�`y�Ookeg§3s�`co�eGd{hij�`yb�d�s�~ge-eGvyeG~ghkokj�wLep]Y�^� K _�_Heghko K f�okeG]Y�3`cb�m�|
w�z�`y~�z*b�j�wVf�eg~Gj=_HeG�	]rb�]�his+oi]Yv�~gj=b���eG§3s�eGb+~Ge^jYt hiz+e�hkz�eGjYo K �



D�°

�n�ß�,��³ �Ý¦3ÛF¥�£n¢�¦L©N�J¡B¢¯Û`¦3§B¨µ´qÙNØ�Ù�¥�Û
�-h�u�o�eG��eGb�hp|�b+jxe��6uTeGok`y_�egb�h�z�]Y�(f�egeGbn]Yf+vce�hij K `yeGvcd�]�_Hep]Y��s�okeg_�egb�h�w�z�`c~�z�~Gj=b+��ok_H�

hiz+exe��6`c��hiegb�~Ge�jYt���u�]Yo�hi`c~gvceg�Gä�z�j�w�e�}=egoG|"u�oke�}6`yj=s��^��his�d+`ceG��~p]YbQo�eG��hkok`y~gh�hkz�e�]Yvyvcj�w�]Yf�vceHu�]q@
oi]�_�e�hieGo.�ku�]Y~Ge�t�jYo��ks+u�egok� K _H_�e�hio�`c~�_Hj>d�eGvy�G|�t�j=o�e ��]�_�u�vye�f K �ke�hkhi`yb�m�vyj�w�ego�fTj=s�b�d���j=b
�ku�]Yo�hk`c~Gvye�_�]Y�k�\�kuTeG~�hioi]6|�]Y�\wLeGvyv-]Y�\okeG��hio�`c~ghk`cb�m*hiz�e�]�vcvcj�wLeGdl}Y]�vcs�eg��jYt�jYhkz�eGo�_�j>d�eGv"u�]q@
oi]�_�e�hieGo����ks�~�z�]���hkz�j=��e\`yb*_��+�,������ J egvcj�w�`y�	]Hf�o�`ce�tO��s�_�_�]Yo K jYtMu�]Y��h(e��6uTeGo�`c_HeGb�h�]Yv
�keG]Yok~�z+eG�G�"�B�ks+_�_�]Yo K `c��mY`y}=egb�`cb�
M]Yf�vye W �¯ª |�]Yb�d9~gj=_^f�`yb�eGd9vc`y_�`�hi�"]Yo�e��kz�j�w�bC`cb9$O`ym=s�oke
W �«ª �

�  Ä¡B¢¶´�·�� ¢¸n}V¢�©JÙ�ØÚ¢¯§P¥
Ûº¹t»q´�·���Y½¼1¾¶·�´Q��YÀ¿N¼9´SX9¼�Ác��»q´�Â Ð�okeg�ks�v�hi�LwLeGo�e�j=f6@
hi]Y`cb�egd�s���`cb�m(e ç e¥½{~GjYvcvc`y�k`yj=b���]�hQÃ ��eGb+eGokmY`ceG� t�okj=_�hkz�e�¿Hu�eG]Y��hijkÄ WYXYX ,�eg��È�Ï�Äp�M�#b
hkz�eG��e-~Gj=vyvc`y�k`cjYb��G|�hiz+e��ku�]Yo�hk`c~GvyeLu+okj>d�s�~ghk`cj=b\~Go�j=�k��@#�keg~ghk`cj=b{`y�Md�jY_�`yb�]�hiegd\f K ~�z�]Yo�m=`cb�jY�
]Yb+d2b+eGs+hkoi]Yvy`cb�j=�g|4h K u+`c~p]�vcv K d�eg~p] K `cb�mld�`co�eG~�hiv K hij���� u�]Yo�hi`y~Gvceg�r]Yb�d2� �+����g�S
�z�e
h K u�`y~p]Yv4��`cm=b�]qhis�o�e{~Gj=b���`c��hi��jYtA��eghi�g|�vceGu6hij=b��g| ]Yb�dl_�`y�k�k`yb�mxegb�eGo�m K � W ª �Ç�r$�j=o�e �+]Y_r@
u�vyeY|4��b�d+`cb�m�b�j�e �6~GeG����j�t/e�}=eGb�hk��j�}=egoH�>h�]�b�d�]Yo�dP�Cj6d�egv-e��6uTeG~�h�]�hk`cj=b��r`ybS]Y~Gj=u+v�]q@
b�]�o(j=u+u�j=��`yhke�@#~�z�]Yokm=e @#�k]Y_�e @:��]p}Yj=o(vyeGu+hkj=b1u�]�`cok�	u�vys��(_H`c���k`yb�m�egb�eGo�m K hij=uTj=vcjYm K |�hiz+e
�/� ����'%e��6uTeGo�`c_HeGb�hAw-]��M]�f�vceOhkj�eG��hi]Yf�vy`c�kz�vyj�w�egoAf�j=s+b�d��Aj=b�hiz+e4_�]Y���keg�AjYt+ÊlµÅ�� � ·-â
¬�ª�,�e���È�~ Ä |+Êlµ"�á � ·-â)°Y°{,�e���È�~ Ä |�]Yb+dxÊlµ.�� � ·-â:²Y¬�,�e���È�~ Ä ]�h�¬�ª(Æ0�/��4�y|+]Y�k��s�_{@
`yb�m%á5Á ´ WYX=X ,�eg��È�~GÄC]Yb+dPh�]Yb�ã0Á W � WYZ �¨�B
�z�e�d�j=_H`cb�]�hieC�kvyeGu+hkj=b)d�eg~p] K `y�
hkz�okj=s+m=z � ö ÙÈÇ ö Ù �Ø Ë ¾ |�]Yb�d*�kvcegu+hijYb1u�]Y`yok�	u�okj>d�s�~geGd�hkz�okj=s+m=z���@#~�z�]Yb+b�eGvMe��6~�z�]Yb�mYe^jYt]H¿�j=oW�M�

�  Ä¡B¢Î q¢�¬E¦E¥
©�¬�§ ¢¸n}V¢�©>ÙNØÚ¢¯§P¥�ÛÉ¹g�©¾�×�¼�¾¶Ê1Â Ð�okeg�ks�v�hi��w�egoke.j=f+h�]�`cb�egd*s���`cb�m�Õ¾´ ¶Õ
~gj=vcvy`c�k`yj=b���]�h Ã �\ÁÅD Ó °H
Me���ÈYÏ Ä��(
�z+e^�ku�]�o�hi`y~Gvye.u+okj>d�s�~ghk`cj=b*~Go�j=�k����eG~�hi`cjYb1`c�	d�j=_H`�@
b�]qhieGd���§3s�]Yok��]Yb�d�mYvcs�`yb�j\u+okj>d�s�~ghk`cj=b�d�s�e/hkj�hiz�e/eg��eG~gh-jYt���hkokj=b�m{~gj=s�u�vy`cb�m+�O
�z�eg�ke
]Yo�e�u�]Y`yo-u�okj>d�s�~geGd�|T]Yb+d9h K u�`y~p]Yvyv K ~p]Y��~p]Yd+e.d+eG~p] K d�j�w�b9hiz�o�j=s�m=z9vyj¥wLeGo�_�]Y�k����u�]Yo�@
hk`c~GvyeG����s�~�z�hiz�]�h	eg}=egb�hi�/z�]�}Ye�]qh(vyep]Y��h�h#w�j�� �+�4�G|�hiz�egokegt�jYoke�vceG]Yd�`cb+mrhkjH]H��`cm=b�]qhis�o�e
jYtIvceGu6hij=b���¸?_^s�vyhk`�@���eghi�	¸?_H`c���k`cb+mHhkoi]Yb���}=egok�ke{egb�eGo�m K � W ² | W ° �Ç�/$�j=o(e �+]Y_�u+vceY|�hiz+e
�-��$[~Gj=vyv�]YfTj=oi]qhi`cjYb1z�]Y�\�kep]�ok~�z�egd%t�j=o.hkz�e�u�]Y`co�u�o�j6d�s+~GeGd �Æ ¾ `cblhiz�erh#w�jr��eghi�\u�vcs+�_H`c���k`cb+m�hiok]Yb���}YeGo��keCeGb�egokm K hkj=uTj=vcj=m K t�o�j=_¦hkz�e�d�eG~G] K �Æ ¾ Ç Ï5�Ø Ë ¾ �S�6eG]Yok~�z�eg�HwLeGo�e
]Yvy�kjn~GjYb�d�s�~�hieGdPe��+]Y_H`cb�`yb�m�eg}YeGb�hi��w�`�hiz2f6@Rhi]Ym=m=egd���eghi�Hu�vys��r_^s�j=b��H]Yb+dP_H`c�k��`cb�m
hkoi]Yb���}=egok�ke*eGb�egokm K t�o�j=_ahiz+eCd+eG~p] K �Æ ¾ Ç �ö���T�P�#b2f�jYhkz�~G]Y�keg�G|�b�jle��6~geG�k��eg}=egb�hi�
]YfTj�}=e\�>hi]Yb�d�]Yo�d1�Cj6d�egvAe��6uTeG~ghi]�hi`yj=b���wLeGoke�t�j=s�b+d�� W ¬ �¨�



D�¬

$O`ym=s�oke W �«ª6Ð��O�+~gvcs�d+eGd�o�eGm=`yj=b��9`cb:hiz�el_��+�,��	��s+b�`y}YeGok�k]Yv�µ�Ê�Ëp|�Ê ¾¨ÌRÄ ·�u�v�]�b�eY�Þ
�z�e
d�`���egokeGb�h okegm=`cjYb��A`cb�hiz+`c�Au�vyjYh ]Yoke�Ð��"eGvyvcj�wl@�t�jYokf�`yd�d�eGb�f K hiz+eGj=o K |���`ym=z�h�f�vcs+e4@T`yb�~GjYb��k`y��hiegb�h
w�`yhkz9_�eG]Y�ks�o�eG_HeGb�h	jYt hiz�e�eGvyeG~�hiokj�wLep]Y�9u�]�oi]Y_HeghkeGok��]qh	� ����D=|�,�okeGegb9@"o�eGm=`yj=b���e �+~gvcs�d+eGd
f K ~�z�]�okm=`yb�jQ�keG]Yok~�z�eg�G|���eGd)@ro�eGm=`yj=b��xe �6~Gvcs+d�eGd[f K �kegvceg~ghio�j=b:j=ox��h�]Ys:�keG]Yok~�z+eG�G|���]Yok�
f�vys�e-@Io�eGm=`yj=b���e��6~Gvys�d�egdxf K '(`cmYm=���kep]�ok~�z�eg�G| J o�j�w�b�okegm=`cjYb���e��6~Gvys�d�eGd�f K b+eGs+hkoi]Yvy`cb�j.��hi]Ys
~p]��k~p]�d�e\��ep]Yo�~�z�eG�g|��*]Ym=eGb�hi]r@"okegm=`cjYb���e��6~Gvys�d�egd�f K hiz�e.�keG]Yok~�zCt�j=o�z�eG]�} K ��h�]Yf�vye�~�z�]YokmYeGd
u�]Yo�hi`y~Gvceg��]Yu�u�vy`cegdxhijr��hi]Ys���� W ª �Ç�



WYX


M]Yf�vce W �¯ª>Ð/�Aj�w�ego�vc`y_�`�hi�	j=b��ks�uTeGo�� K _H_�e�hiok`y~^u�]Yo�hi`y~Gvce\_�]��k�keg��]Y�k��s�_H`cb�m�hkz�e{_��+�,��	�
�k~geGb�]�ok`cj�� � �¨�

[35I9�0�?]-GH@+ �P;F/JK
?S0�?@;7/ ü¯;OtP+.9nü¯?S24?S0 ab;78J9�-*+�fgi+*����� ó �ËÌ ú � sF5I8Js7?@/�; Í¶ÎÏSÐ zI�7�Wgi+.�Ñ��� ó yY�.� üÒ��["zÍ¶ÎÏSÐ Í ÎÓ;Ô &;j üÒ��["z57/1U�Í¶ÎÏ Õ j Ö�t,?@K
0�QÐ ?@s7s7?]6�?S/�; ÍÑóÑ×�yVm¯+.�Ñ��� ó +.+ üÒ��["zËÌ ø � ?S/JK�?S9�+.-G0 57/1U_0�5I/9Øpe(Í ÎÏ Ð j7�7�4gi+*�Ñ�g� ó �.+ üÒ��["z57/1U_0�5I/9Øpe>5I/bUÚÙ ø �7� üÒ��["z57/1U_0�5I/9Øpe>5I/bUÚÙ ø e>a
jig�)�hëÐB?SsFsF6 jg+ üÒ��["zM-G;72qu�?@/�+.KË� < � ËÌ ø � M�Í Ð y.�Wgi+.�Ñ��� ó +.+ üÒ��["zM-G;72qu�?@/�+.KËÿ < ÿ ËÌ ø � M�Í Ð y.�Wgi+.�Ñ��� ó +;j üÒ��["zM-G;72qu�?@/�+.KËÛ < Û ËÌ ø � Í ÎÓ.Ü Ý Ð zI�Wgi+.�Ñ��� ó &7� üÒ��["zM-G;72qu�?@/�+.KËÞ Õ � Ö�t,?@K
0�QËÿ <9ß ËÛ < 6N0�57u�HS+ &7� üÒ��["zM-G;72qu�?@/�+.KËR � � ËÌ ø � 57/1Uáà�â -äã e¦M�Í Ð yY�4gi+.�Ñ�g� ó +;j üÒ��["zM-G;72qu�?@/�+.K57/1Uáà�â -äã e¦Í ÎÓgÜÝ � �ó Í Îå yFytj �1uÅ�57/1Uáà â -äã�eJ57/bUáMPÍ jg+ hBüÒ��[�Ðæ ç ËÞ 57/1Uáà â -äã�e¦M�Í Ð !Mgi+*����� ó +7� üÒ��["zM-G;72qu�?@/�+.KË, 5I/bUrÍ Îè yt+;j �1uÅ�dÓ�+*0�6é�µêO�ëËB Í Îì1í Í Îè �F�7� �1uÅ�dÓ�+*0�6é�µêO�ë



�-'	���4
����!�
�I±��������������(
 ���Q�������/�	�4
�/�

Xn�N�  �¡ ¢|´�¦L©�âp¢îY�¦L¨B©�¬�§ï�Ä¬P®N®NÙ�¨ ¢�©
Xn�N�p�N� Ác¬�¢¯©G¬ Ù�¢ð ¬4¡_¥�¡B¢È�Ä¬P®N®NÙ�¨ ¢�©


�z�e���]YokmYe�'/]Yd+okj=bC��j=vyvc`yd�eGo/µ¨��'���·�`y�-�k~�z+eGd�s�vyeGd�hij{fTeG~gj=_He�j=uTeGoi]qhi`cjYb�]YvTd�s�ok`yb�m^hiz+e
hiz+`cokd*§3s�]Yo�hkeGo�j�t WYX=X ²�� � X �¨�/�Rh�~gj=b���`c��hk�/jYt4h#wLj W ²H�>`yvcj=_HeghkeGo�vcjYb�m�u+okjYhkj=b1� K b�~�z+okjYhkokj=b��g|
w�z�`y~�zHz�]�}Ye(fTeGegbrd�eG��`cm=b�egdHhkj��kz�]�oke�hiz�e��k]Y_He�his�b+b�eGv�]Y�Ihkz�]�h4w�z�`y~�zrz�j=s���eGdrhiz�e�u�o�eg}>`cjYs��
��]YokmYe��4vceG~�hi`yj=bS�Mj=��`yhkokj=b���j=vyvc`cd+eGo�µ¨�����L· |�]Yb�dS�k`�hi�xD X=X _afTeGb�eG]�hizShiz+eC�>w�`c����ÈY$�okegb�~�z
~GjYs�b�hio K ��`cd�erb�eG]Yo.,�egb�eg}�]lµ¨$M`cm�� �+��D ·��.
�z�eH��'���w�`cvcvMu�okj�}>`cd+e{u�okjYhkj=b6@Ru�okjYhkj=b�~GjYvcvc`y�k`yj=b��
]�h*]S~GeGb�hkeGo�@RjYt�@#_�]Y���Cegb�eGo�m K jYt�DpFS
Me��^ä�hiz�`y�9`c�9]Yu�u+okjp�6`c_�]�hiegv K ²%hi`y_�eg��z�`cmYz�eGo�hiz�]Yb
hiz+e�w�jYokvcd+��z�`cmYz�eG��h�eGb�egokm K ~GjYvcvc`yd�eGog|Thkz�e^
 eg}�]�hkokj=bn]�h�$�eGok_H`cvc]YfC`cbn��z�`y~p]YmYj���$O`ym=s�oke �+� W
`cvyvcs���hiok]�hieg�Mhiz+e	~gokj=�����keG~�hi`yj=b��"]Yb�dreg}YeGb�hLoi]�hkeG��jYt�hiz�e�u�z+eGb�j=_HeGb�]�e �6u�eg~ghiegd�hkj.fTe���hks�d�`cegd
]�h�hiz+e(��'/� � �+D �¨�I�#b�]�d�d�`yhk`cj=b^hkj\u+okjYhkj=b6@#u+okjYhkj=br~Gj=vyvc`c��`cj=b+�G|�hkz�e(� '/�Sw�`yvcv�u�o�j�}6`yd�e�z�ep]p} K @
`cjYbC~gj=vcvy`c��`cj=b��L�ks�f+�keG§3s�egb�h/hij{hkz�e���ok��h/u�z K �k`y~G�	oks�b+��w�`�hiz9u�o�jYhij=b+�G�

�4okjYhkj=b�f�s�b�~�z�eg� w�`yvcv�~Gj=vyvc`cd+eO]�h ]�t�o�eG§3s�egb�~ K jYt6F X ��'	¤Y|qj=o�e�}=eGo K W ª-b��G|�w�z�egb.hkz�e���'��
`c� oks+b�b�`cb+m/]�h t�s�vyv�d�eG��`cm=b\vcs�_H`cb�jY�k`yh K � ]�hLD X Ã � ~G_ ½>Ä � ½�¾ @�b�eG]Yokv K D X=X hi`c_HeG�Ahkz�]�hM]Y~�z�`yeg}�]Yf�vye
f K hiz�er
 eg}�]�hkokj=b��r
�z�`y��`c��]Y~g~Gj=_Hu�vc`y�kz�egdnf K ]�~G~Gegvcegoi]�hk`cb�m W °Y��ªxu�okjYhkj=blf�s�b�~�z�eg�G|�w�z�eGo�e
ep]�~�z*f�s+b�~�z�`y�	~gj=_Hu�j=��eGd9jYtLD X ¾#¾ u�okj�hij=b��g�


�z�e^~gj=_�_H`c���k`yj=b�`cb+m�jYtOhiz�e{��'/��w�`yvcvA~gj=_�_HeGb+~Ge^d�s+ok`cb+m�hiz+e�hiz�`yokd*§>s�]Yo�hkeGo�jYt W�X=X ²6|
��o���h�]�~G~Gegvcegoi]�hk`cb�m��k`cb+m=vce�fTep]Y_H�/~gj=b�h�]Y`yb�`cb�m�]�t�e�w�f�s�b�~�z�eg�G|�t�jYvcvcj�wLeGd*f K ]�vyj�wBvcs�_H`cb+j=��@
`yh K u�`yvcjYh\oks+b%~Gj=b+�k`c��hi`yb�m1jYt�_�]Y~�z�`yb�e�d�e�}=egvcj=u�_HeGb�h{uTeGo�`cj>d��^]�b�d%d�]�hi]q@Rhi]Y�3`cb�m*oks�b+��� �Y� �Ç�
(*mnQ�+nHS8J2M?@/�;16N?S0�U�ñ¼�¶òÉó Ý óÒôõpög÷�øù÷tú eOt,Q�+.9�+nòW?]6<0�Q�+,-*;7H@HS?]6N?@;7/�=o9�+YrF8J+*/J-*U7e.ûS->?]6<0�Q�+n/b8�2qu>+.9E;7= X 579N0�?@-*HS+Y6 X +*9u�8�/>-:Q�e�5I/JKküGýv?@6B0�QJ+v9�246Íu�8�/>-:Qd0�9:5I/J6�C7+.9�6�+VH@+*/�s70�Q�ZÅh X QbU
6N?]-*6 X 9�;
-G+.6�6 t,?S0�QÄ5 X 579N0�?@-*8�H@579 X 9�;
K
8J-�0�?S;F/-G9�;F6�6N�|6�+.-G0�?@;7/áüLe�t,?@H@H�0�Q�+./Ý9�+Y6N8�HS0 ?@/Ý57/h+.C7+./F0,9:5O0�+i;7=>þ��qñ1üÆx �Fz {|Z

W D



W=W

$M`cm=s�o�e��+��D=Ð���'��:m=eGj=mYoi]Yu�z+`c~p]�v��k`�his�]�hk`cj=b��



W �

��s�o�`cb�m�hkz�`c�/d�eGf�s+m=m=`cb+m�u�z�]Y��eY|�j=b�v K F��xjYo^D¥ª Z f�s+b�~�z�eG�.uTeGo�fTep]Y_Ýw�`cvyvOfTe{]Y~G~geGvyeGoi]qhieGd��
�Ûvys�_�`yb�j=��`yh K jYt W1Â D X Ã ¾ ~g_ ½>Ä � ½�¾ `c��]�~�z�`ce�}Y]�f�vce*d�s�ok`yb�mQoks+b��xw�`yhkzBD¥ª Z f�s+b�~�z�eG�gÐS]
_Hj=b�hiz6@Rvcj=b�m{u+`cvcj�h-u�z K �k`y~G�	oks�bC~Gj=s+vcd9vceG]Yd�hij9D X u�f�½�¾-jYtO`yb�hieGmYoi]�hkeGd9vcs�_H`cb+j=�k`�h K ! �


�z�e\� '/�:w�`yvcv�`yb�~Go�ep]Y��e�hkj�¬Y� Z f�s�b�~�z�eg�(w�`�hiz*²=ª^b��	�ku�]Y~g`cb�mr`yb W�X=X °+|�]�b�dCw�`yvcv�e�}=egb6@
his�]Yvcv K fTe(~�z�]�b�m=eGdHhij W ª�b��L��u�]Y~g`cb�m�|3`yb�~Go�ep]Y��`cb�m�hiz�e	fTep]Y_?~gj=b�hiegb3hLhij W ° X °�f�s+b�~�z�eG�g�L�(b
`cb+��h�]�b3hi]Yb�egj=s���vcs+_�`yb�j=�k`�h K jYt W�Â D X�Ã#Ã ~g_9½>Äk��½�¾L`c��]Yb�hk`c~G`yu�]�hkeGd�s�b�hi`yv WYX D X |6w�`�hizxhkz�e���ok��h
K eG]Yo�jYtMu�z K ��`c~g�/oks+b�b�`cb+mHd+eGvc`�}=egok`cb+mHª^t�fT½�¾��

�6`cb+~Ge�hkz�e{��'��&w�`yvcv�~Gj=vyvc`yd�e\u+okjYhkj=b1f�s�b+~�z�eG�g|Aep]Y~�z�jYt4hkz�e�h#wLj�� K b�~�z�o�jYhio�j=b���w�`yvcv�oke @
§3s�`co�e�`�hi��j�w�b%_�]Ym=b+eghi`y~H��eGvcd��ks�~�zQhiz�]�h�hkz�e�u�o�jYhijYb��^~p]�b%f�e�z�eGvyd%`cb�~Gj=s+b3hkeGo{o�jYh�]�hk`cb�m
j=o�f�`yhk��d�s�o�`cb�m��ku�`yvcv"~ K ~GvyeG�G�n�4o�jYhij=b+�r]Yoke��YeGu6hr`cb%j=o�f�`yh�]Yo�j=s�b�d%hkz�e���'��?ok`yb�m�hkz�okj=s+m=z
�Aj=okegb�hi¤�t�j=ok~ge ' `yb�d�s�~geGdHf K ].°6�«�=��
 eGvy�i]�_�]YmYb�eghk`c~���egvcdHu�okj�}>`cd+eGdHf K D W ¬ Z �ks�uTeGo�~Gj=b+d�s�~gh�@
`cb+mHd+`cuTj=vce�_�]Ym=b+eghi�g�

�6`cb+~Ge�hkz�e{u�okj�hij=b6@Ru�okj�hij=b1`yb�hieGok]Y~ghk`cj=b*~Go�j=�k��@#�keg~ghk`cj=b�µ�jYo/u�o�j=f�]Yf�`yvc`�h K ·�`c�/u�okj=uTj=o�hi`cjYb�]Yv
hij*D¥ÈY�4b�egokm K Ä¥|�]Hz�`cmYz�fTep]Y_Üvcs�_H`cb+j=�k`�h K `c�(okeg§>s+`cokegd�hij�eGb���s�oker]�b�`cb�hkeGoi]�~ghi`yj=b�ok]�hie\z�`cmYz
eGb+j=s�m=z�hij^t�]�~G`cvy`yhi]�hie	]^�ks+~G~Geg�k��t�s�v�u�z K ��`c~g�	u+okj=m=ok]Y_C� J eG~G]Ys���e.j�tAhiz�e�z�`ym=z�~GjYvcvc`y�k`yj=b�vys�_H`�@
b�j=��`yh K |�]Yb�dxhkjYh�]�v�u�o�jYhijYb6@#u�o�jYhijYbx`cb�egv�]Y��hi`y~(~gokj=����@#��eG~�hi`cjYbî��µ�D X=X _^f�·"]�h-hkz�e���'��/|6b�ep]Yo�v K
WYX u�okj�hij=b�`cb�hiegoi]Y~�hi`cjYb���u�ego\f�s+b�~�z%~Go�j=�k��`cb�m�]YokeHe��6uTeG~�hieGd%]�h\t�s+vcv4d�eg�k`cmYb�vcs+_�`yb�j=�k`�h K jYo
° X=X _H`cvyvc`cjYb�u�o�jYhij=bS`yb3hkeGok]Y~ghk`cj=b��ruTeGor�keg~Gj=b+d���
�z+e*vc]Yokm=e�`yb�hieGok]Y~ghk`cj=b+�{oi]�hkeCu+okeG��eGb�hi��]
~GjYb��k`yd�eGok]Yf�vce\~�z�]YvyvceGb+m=e\t�j=o/okep]�d�j=s+h/eGvceg~ghkokj=b�`y~G�g|�hio�`cm=m=egok`yb�m�|T]Yb�d�d�]qh�]x]Y~g§3s�`c��`yhi`yj=b��(
�z�e
��'��[]Y~G~geGvcegoi]�hkj=o�~�z�]Y`yb*`y��d�eG��~Go�`cfTeGdCf�egvcj�w��} y_uJ579�/¾�ðy.� � ó õ -G2 ó ZdmnQ�+.9�+*=o;79�+7e<tP+_Q>5DC7+�ñ��özw�¾yY� ô � -G2 � ó 6 ��� ��z��¼y.� �(' X u ��� 6 ��� ZdmnQ�?@624+.57/J6�ÿ ���������	� ñ�
;R@�ëy.� X u�Z� h X 5I9�0�?]-GH@+q;7=P+.HS+Y-�0�9�?]-q-:QJ579�sF+.K B 24;OC1?@/�sht,?l0�QÄCF+*H@;b-*?l0�U�� 0�Q�9�;78�sFQÄ5I/Ä+*H@+.-G0�9�?@-vkJ+*H]KÄ;I=R6N0�9�+*/JsI0�Q �O5I/>K&5h2457s7/�+*0�?]-�k>+*H]K&;7=R6N0�9�+*/�s70�Q �õ�e�t,?SH@H3+G^ X +*9�?S+./J-G+45�=o;79:-G+Ms7?@C7+*/ÄubU ���� B � �O|���� � �õM�qx � Õ {fZMmnQ�?@69�+*H]5O0�?@;7/�57HS;F/�sWt,?S0�Q�0�Q�+q-*+*/10�9�? X +*0�5IH¯=o;79:-G+�+Yr18J5O0�?S;F/�e�-.5I/�u�+v8>6N+YKw0�;hK�+G0�+.9�24?@/�+�0�Q�+v24;F2M+./10�8�2��&;7=p5X 579N0�?@-*HS+�Q�+.H@Kw?@/Ý-*?S9:-G8JH@579R;F9�uJ?l0,;I=L9:57K
?@8J6��be�t,Q�?]-:QÝ?@6nsF?SCF+*/wu1U��<�������
�p���J� �Fõ��bZ



W F

jet ET or particle mass (GeV)

σ rate ev/yearLHC √s=14TeV L=1034cm-2s-1

barn

mb

µb

nb

pb

fb

50 100 200 500 1000 2000 5000

GHz

MHz

kHz

Hz

mHz

µHz

1

10

10 2

10 3

10 4

10 5

10 6

10 7

10 8

10 9

10 10

10 11

10 12

10 13

10 14

10 15

10 16

10 17

 L1 input

L1 output = HLT input

max HLT output

σ inelastic

jets

bb
–

tt
–

W
W→lν

Z

Z→lν

ZSM→3γ

gg→HSM

qq
–
→qq

–
HSM

HSM→2Z0→4µ

HSM→γγ h→γγ ZARL→2l

Zη→2lscalar LQ

SUSY q
~
q
~
+q

~
g
~
+g

~
g
~

tanβ=2, µ=mg
~=mq

~/2
tanβ=2, µ=mg

~=mq
~

$O`ym=s�oke��6� W Ð��#b�~gvcs���`y}Ye\u�o�jYhijYb6@#u�o�jYhijYbC~gokj=���(��eG~�hi`cjYb���t�j=o�u�z K ��`c~g�(u�o�j6~geG���keG�(jYtI`yb�hieGo�eG��h/]qh
hiz+e\��'/� � �+D �¨�



W ª

Xn�N�p�ß� �Ä©�¬3¥
¬�§ð£R¬Pá ©N�Â¢

�z�ex��'/�?]Y~G~geGvcegoi]�hkj=o�~�z�]Y`yb�`c����z�j�w�b%`cb�$O`cm=s+oke �+�� � ��ª �¨��$O`yok��hG|O]9d�s�jYu�v�]Y��_�]qhiokjYb

�kjYs�ok~ge�`y�.s+�keGdlhijCe��>hiok]Y~gh\u�o�jYhij=b+�.t�o�j=_Ûz K d�okj=mYeGb�m=]Y�G� J s�b�~�z�eg��jYtLhiz�eg�keHu�okj�hij=b��\]Yo�e
hiz+eGb*]Y~G~geGvcegoi]�hkeGd�hijHª X �Ceg��f K ]{vc`yb�ep]Yo�]Y~G~geGvyeGoi]qhij=o.µ���`yb�]Y~ W ·L]Yb+dC��eGb�h	�kegu�]Yoi]qhieGv K `cb�hkj
j=b�e�j�t(t�j=s+o{f�j>j=��hkeGo^o�`cb�mY�G�%
�z�eg�ke9fTj6j=��hiego{ok`cb+m=�r]Yokexhkz�eGbSs���eGd2hij1t�s�o�hiz�ego�]�~G~Gegvcegoi]�hke
hiz+e/u�o�jYhij=b+��]Ybx]Yd�d�`�hi`cjYb�]Yv�D=� X ,�eg��|>hkz3s���u�o�eGu�]�ok`cb+m\hiz+eG_5t�j=o"b�e��>h-`ybq��eG~�hi`yj=b��O
�z+e���'��
okeg~Geg`y}=eg��u�okjYhkj=b��It�o�j=_<hkz�e�j=vcd+eGo WYXYX _�e�hiego4d�`�]Y_HeghkeGoO��o�jYhijYb�� K b+~�z�okjYhkokj=b�µ¨�"��· �=
�z�e��"�
`c�/]Yb�]Yvyv�u�s�okuTj=��e^]Y~g~GeGvyeGok]�hij=o(ok`yb�m�hkz�]�h�`yb�u�]�o�hi`y~Gs�vc]Yo�w�`cvcvAfTe^s���eGd1t�j=o�hiz+e{]Y~G~geGvyeGoi]qhi`cjYb
]Yb�d*`cbq��eg~ghk`cj=bC`cb�hijHhiz�e^�6s�uTeGo(�4okjYhkj=b�� K b�~�z+okjYhkokj=b2µ¨�+�"��·	o�`cb�m���
�z�e^�"�Chi]Y�Yeg��f�s�b�~�z+eG�
t�okjY_5ep]Y~�z�fTj6jY��hiegoG|>~Gj=_�f�`cb�eg�"hkz�eG_Å`yb3hkj�vc]Yokm=ego�f�s�b�~�z�eg�G|�]Yb+dx]Y~g~GeGvyeGok]�hieg�Lhiz+eG_Åhij X � X�W�Z

 eg�^�+��F X ��'	¤��($�� K ��hieg_Eh�]��YeG�-hkz�e�f�s�b+~�z�eG��t�okjY_0hkz�e��"��]Yb�d�`cb¥��eG~ghk��hiz+eG_E`yb�hij^hiz+e
�+�"��|�w�z�egoke�hiz+e�f�s�b�~�z�eg�/]�oke���eGu�]Yok]�hiegd*f K W ª�b��G��
�z�`y��u�okjYhkj=b�f�s�b+~�z*��hioks+~ghis+oke�`c��}YeGo K
`c_HuTj=o�hi]Yb�h.t�jYo\d�]qh�]*� K b�~�z�okjYb�`c¤G]�hi`yj=b��C
�z�e����1��o�ep]Yd+j=s+h^egvceg~ghio�j=b�`y~G��t�j=o.hkz�e�d+eghieg~ghkj=o
� K ��hieG_H��`y��� K b�~�z�o�j=b�`c¤geGd%hkjChkz�ex��'��!~Gj=vyvc`c��`cj=b*t�okeG§3s�egb�~ K |4v�]�hk~�z�`cb+mC`yb�d�]�h�]9t�okj=_ÛeG]Y~�z
W ª^b���w�`cb+d�j�w��

$O`ym=s�oke��6�«�+Ð���'/�[�/~g~GegvceGok]�hijYo	~�z�]Y`cb��



WYZ


�z�e Z �3_Ývcj=b+m9�+�"�*ok`yb�m�w�`yvcv ]Y~G~geGvyeGoi]qhie\hkz�e^u�o�jYhijYb��(hkj X ��F3ª�
 eg�5fTegt�j=o�e�`ybq��eG~�hi`cjYb
`cb�hkjxhiz�er��'��/|�w�z+eGoke{hkz�e K ]�oke^hiz+eGbl]Y~G~geGvyeGoi]qhieGd�hkj�²�
 eg�0`ybn]Yf�jYs+h WYX _H`cb3s+hieg�G�\
�z�e
��'��¼ok`yb�m�w�`yvcv�okeg§3s�`co�e1b�egwÜu�o�jYhijYb)f�s�b�~�z+eG�9eg}YeGo K D X z�jYs�ok�xd+s�e�hij�`cb�e�´�~g`cegb�~G`yeG�x`yb
�YegeGu�`yb�m\hkz�eG_Å`yb�j=o�f�`yh�j�}YeGoLt�jYs�o�@Rz>s+b�d�okegd6@#_H`cvyvc`yj=b�hi`y_�eg�Gä3j=b�e	�ks+~�zx`cb�e�´H~G`cegb�~ K `y�L~G]Ys���eGd
f K d�eF��eG~ghk`cj=b+� t�o�j=_�hiz�e�fTep]Y_{@#fTep]�_�`cb�hiegoi]Y~�hi`yj=b��Ad�s�o�`cb�m(]�f�s�b�~�z^~gokj=���k`yb�m�� 
�z�e-]Yd+d�`yhk`y}=e
eg��eG~�h	jYtI_^s+vyhi`yu�vce(d�eF��eG~ghk`cj=b+�	~G]YbC~p]Ys���e\u+okjYhkj=b9vcj=���keG��w�`�hiz�`yb9hkz�e�f�eG]Y_C�
Xn�N�p��X ¾�¢�¥
¢	��¥
¬p©�£1_ Û7¥
¢¯Ø�Û


�z�e���'��©w�`yvcv�z�j=��h���}Yexd�eghkeG~�hij=o^� K ��hieg_��Cµ�$O`cm+� �6�F ·�w�`yhkz%ep]Y~�zQ��eGo�}=eGdQhkz�eG`yo\j�w�b
fTep]Y_�~gokj=���k`yb�m��I� j=`cb�h W w�`cvyv=~Gj=b�hi]Y`cb����A���-��|¥�2� ]�okm=e��#j=b���j=vcvy`cd�egoA�O�6u�egok`c_HeGb�hG|Y]�d�e�hieG~ @
hijYo�hkz�]�h�`y�	��u�eg~G`c]Yvc`y¤GeGd�t�j=o�z+ep]p} K `cj=b9~GjYvcvc`y�k`yj=b��G�I�Mj=`yb3h(°rz�j=��hi��hiz�e\��'��"@ J e �+uTeGo�`c_HeGb�hp|
w�z�`y~�z�`c��]�d+eGd�`y~p]�hkeGd J @Ru�z K ��`c~g��d�eghkeG~ghkj=oG��
�z�e/okeG_�]Y`yb�`cb�m.h#w�j{d+eghieg~ghkj=ok��]Yo�e�~GjYb��k`yd�eGo�eGd
_^s�v�hi`³@#u�s�o�u�jY�keY|M]Yb�d%]Yoke�`cb���j=_He���eGb���e�~Gj=_Hu�e�hi`yb�m*e �6u�egok`c_HeGb�hk�GÐ{hiz�e K ]Yoke��E
 j=okj=`yd�]Yv
��'��<�(u�u�]Yok]�his+��µ��4
��A����·.]qh�� j=`cb�h�D=|M]Yb�d�
�z+e���j=_Hu�]Y~�h^�Cs�j=bQ�>j=vcegb�j=`cdPµÇ������·.]qh
�MjY`cb�h.ª6��
�z�e{
	��
��"� µ�
 jYh�]�v4��okjY�k�.�6eg~ghi`yj=b�|A�4vc]Y��hk`c~{�>~p]�h�hieGo�`cb�mx]Yb�dn��`y��oi]�~ghi`yj=b*��`c��@
�kj>~G`c]�hi`yj=b�·Le �6u�egok`c_HeGb�h���z�]Yokeg�(uTj=`yb3h(ª�w�`�hiz*���1�*]�b�dCw�`yvcv���his+d K t�j=o�w�]Yo�dCu+z K ��`c~G�g�

Xn�f�  �¡ ¢½�Ä¬�Ø�}Í¦���¥¼ªÖá ¬�§ £n¬�®�¢<§ ¬�Ù�¨
J eG~G]Ys���e�wLe�~p]�b�b�jYh�d+`cokeg~ghkv K j=f���eGo�}Ye�hiz�e�`yb�hieGok]Y~ghk`cj=b+��w�z�`c~�z�mYj¥}YeGo�b9hkz�e�fTeGz�]p}>`cj=oLjYt

�ks+f�]�hijY_�`y~"u�]Yo�hk`c~GvyeG�g|Yf�s+hMoi]qhiz�ego hkz�eG`yo ��b�]Yv6d+eG~p] K u�o�j6d�s+~ghi�g|YwLe-_^s���hOegb�~Gvyj=�ke"hiz�e"}=j=vys�_�e
]Yo�j=s�b�d.hiz�eLu�okjYhkj=b�f+s�b�~�z{~GjYvcvc`y�k`yj=b���w�`yhkz�d�e�hieg~ghijYok�Ow�z�jY�ke�d�]�h�]/o�eG��s�vyhk�M`yb�_Hep]Y��s�okeg_�egb3hk�
jYt-}�]Yo�`cj=s+�.�3`yb�eG_�]�hi`y~ru�]Yoi]�_�e�hieGo��G�9�M]Yoi]Y_HeghkeGo��\��s�~�zS]Y�.u�j=��`yhk`cj=b�|�_Hj=_HeGb�his�_C| eGb�egokm K |
_�]Y�k�g|�]Yo�e(hiz+e�_�eG]Y�ks+oi]Yf�vye/§3s�]Yb�hk`yhi`yeG�"hiz�]�h-~p]Ybxs+b�`c§3s�egv K d�eG��~Gok`yf�e(hiz�e�s+b�d�eGo�v K `cb+m^`cb�`�hi`c]Yv
u�]Yo�hi`y~Gvce(`cb�hiegoi]Y~�hi`yj=b��G�4
�z3s��g|�hiz�e�m=j=]Yv�jYt�hkz�e\���1�xd�eghkeG~ghkj=o�`c��hkz�e�_�eG]Y�ks+oke�hiz+eG�ke�§3s�]Yb>@
hi`�hi`yeG�	]Y�	~Gj=_Hu�vce�hiegv K ]Yb+d�u�o�eG~G`y�kegv K ]Y�	u�jY�k�k`yf�vce�s���`cb�m�]Yb*]Yokok] K j�t4�kuTeG~g`�]Yvy`c¤Gegd*d+eghieg~ghkj=ok�g|
ep]�~�zxjYt�w�z+`c~�z�w�`yvcv���s�u�u�v K ]�u�`yeG~Ge(jYt�hkz�e	~Gj=_Hu�vce�hie	eg}YeGb�h-��hioks+~ghis+okeÑ� � Z �¨�I
�z�eg�ke�d+eghieg~ghkj=o
� K ��hieG_H��]Yo�e^]Yo�oi]Yb+m=eGd1`yb1]H�keGo�`ceg��jYt4~gj=b�~Gegb�hiok`y~�~ K vy`cb�d+eGok�/]YfTj=s+h/hkz�e�fTep]�_¢]¥�+`y�G�/�>h�]�o�h�@
`cb+mCt�o�j=_Ûhiz�eHv�] K eGo.b�ep]Yo�eG��h�hiz+e�fTep]Y_�u�`yu�e�|I������z�]Y�.hiz�ert�j=vcvyj�w�`cb�m9d�e�hieG~�hij=o.� K ��hieG_H�



W ²

UJ 4 6

UA4 7

UJ 4 7

RA4 7

UW 4 5

US 4 5

UL4 6

TX4 6

UJ 4 4

UX4 5

RA4 3

UA4 3

UL4 4

UJ 4 3

P Z 3 3

P M3 2

UJ 3 2 UJ 3 3

RZ3 3

TZ3 2

P X4 6P Z4 5

P M4 5

RH2 3

UJ 2 2

UJ 2 3UJ 2 4

UA2 3

RA2 3

P GC2

RA2 7

UJ 2 6

P X2 4

UX2 5

P M2 5

UW 2 5

US 2 5

UL2 4

UL2 6

2 7
UA2 7

UP 2 5

UJ 2 8

P MI 2

TI  2
RR1 3

UJ 1 3

RT1 2

UJ 1 4

US 1 5

TI 1 2

P M1 5

P X1 4

UX1 5

UL1 4

UJ 1 2

UJ 1 7

UJ 1 8

UJ 1 6

TI 1 8

RR1 7

P M1 8
P X1 6

P X1 5

US A1 5

UL1 6

RT1 8

TI  8

UJ 8 8

P GC8

TJ  8

TT 40

TZ 40

LSS4

RH8 7

RA8 3

UA8 3

UJ 8 3

UJ 8 4

UJ 8 2

P M8 5

P X8 4

P Z8 5

UX8 5

TX8 4

UL8 6

UA8 7

RA8 7
UJ 8 6

UJ 8 7

UW 8 5

US 8 5

UL8 4

RR7 3

RR7 7

UJ 7 6

P M7 6

TZ7 6

UD6 2

UJ 6 2

UJ 6 3

P M6 5

UJ 6 4

UA6 3

RA6 3

TD6 8

UL6 4

P Z6 5

P X6 4

UJ 6 6

UJ 6 7

UJ 6 8

UX6 5

UA6 7

RA6 7

TD6 8

UD6 8

UP 6 8

UL6 6

TX6 4

UW 6 5 US 6 5

UP 6 2

RR5 3

UJ 5 3

UXC5 5

UL5 4

US C5 5

P M5 4

P X5 6

RZ5 4
UP 5 3

UJ 5 6 1

UJ 5 7

RR5

UJ 5 6

P M5 6

UL5 6

TU5 6

N

Point 5

CMS

Point 6

Point 7

Point 8

LHC ‘B’
ATLAS

Point 1
Point 1.8

SPS

Point 2

Point 3.3

Point 3.2

Point 4

Existing Buildings

LHC Project Buildings

ALICE

$O`ym=s�oke��+�F+ÐL�Aj>~p]�hk`cj=b�j�tI��'��:e��6uTeGok`y_�egb�hi�	]YvcjYb�m{_�]�`cb�ok`yb�m��

µ¨$M`cm�� �+�«ª · ÐL$M`cok��h�`c��hiz+e.`yb�b�ego�hkoi]Y~���eGo	� K ��hkeG_C|�~G]Yu�]Yf+vce�jYtO~�z�]YokmYeGd*hkoi]Y~���okeG~gj=b���hioks+~ghi`yj=b
]Yb�dlz�`ym=znokeG��j=vcs6hi`cjYbl_Hj=_HeGb�his+_å_Hep]Y��s�okeg_�egb3hk�.w�`�hiznm=j>j6dne�´�~g`cegb�~ K � J ]��keGd�j=blu�`��6eGv
]Yb�d�_H`c~gokj=��hio�`cuCd�eghkeG~ghkj=ok�g|�hiz�e\hioi]�~��YeGo�z�]Y��m=j>j6d*�kuTeG~g`�]Yv okeg�kj=vys+hi`yj=b�hiz�]�h�]Yvyvcj�w��(t�jYo(hiz+e
h�]�m=m=`cb+m^jYtMz�ep]p} K ��]p}=j=oO��e�hi��j=ok`ym=`cb�]�hi`yb�m.t�o�j=_Ef*]Yb�d9~�§3s�]Yo��xd�eg~p] K �G���	t®hiego-hiz�e�hiok]Y~��Yego
� K ��hieG_£`c��hkz�e��4vyeG~ghkokj=_�]Ym=b+eghi`y~H�-]YvcjYok`c_HeghkeGo�� K ��hieg_ µ��"����� ·����Þ��f687� � ��~G`cb�hk`cvcvc]�hi`yb�m
~Go K ��h�]�v�~p]�vcj=o�`c_HeghiegoG|=hkz�e��"������� K ��hieG_Þ_�eG]Y�ks+okeG�Lhiz�e(eGb�egokm K ]Yb�dxd+`cokeg~ghk`cj=b�jYt�eGvyeG~ghkokj=b+�
]Yb�d�u�z�jYhkj=b��G�M�RhI_^s+��hIz�]�}Ye-m=j>j6d\eGb�egokm K _Hep]Y��s�okeg_�egb3hOokeg�kj=vys+hi`yj=b���s�~�z^hiz�]qh4](d+`�@#u+z�jYhijYb
]Yb�dCd�`³@#eGvyeG~�hiokjYbC_�]Y���	o�eG��j=vcs+hk`cj=b9jYtOf�e�hkhkeGo�hiz�]�b�DIÆÞ]�h.D X=X ,�e��©`y��u�jY�k�k`yf�vce��L
�z+e.hkz�`co�d
v�] K eGo�`c��hiz+e�'(]Yd�o�j=b%�-]�vcj=o�`c_HeghiegoHµ¨'/����� ·�� K ��hkeG_C��8�j=ok�3`cb+m*`ybl~gj=bq��s�b+~ghi`yj=bnw�`yhiznhiz+e
�"������� K ��hieG_C|Yhkz�`c� �i]Y_Hu�vy`cb�m�~p]�vcj=o�`c_HeghiegoA_�eG]Y�ks+okeG� hiz�e"eGb+eGokm K ]�b�d^d�`yokeG~�hi`yj=b\j�t�u�]Yo�hi`y~Gvce
��eghk�G�	
�z�`c�	� K ��hieG_¢_^s���h/u�o�j�}6`yd�e�mYj6j>d�z�egok_Heghk`c~.~Gj�}=egoi]Ym=e\�ks�~�z1hkz�]�h/okep]��kj=b�]�f�vce.eGb�egokm K
_Hep]Y��s�okeg_�egb3hk�(~G]YbCf�e�_�]Yd�eY���	t®hieGo�hkz�e.'������%� K ��hieg_Ý`c�-hiz+e\Fr
 eG�kvc]H��s�uTeGok~gj=b�d�s+~ghi`yb�m
�kjYvceGb+j=`cd�w�z�`c~�z�u�okj�}>`cd�eg�Mhkz�e�_�]Ym=b�e�hi`y~���eGvcd.hiz�]qhO~G]Ys��keg�IfTeGb�d�`yb�m/`yb�u�]�o�hi`y~Gvye�hkoi]¥��eg~ghkj=ok`yeG�G�

�z�e.��b�]Yv�d�e�hieG~�hij=o(� K ��hkeG_Ü`c��hiz�e._^s�jYb�� K ��hieG_C� J eGb+eg��hk`cb�mHt�okj=_¼hkz�e�_^s+j=b��	okeGvc]�hi`�}=egv K
vcjYb�m9vc`yt�e�hi`y_�e�]Yb�dlv�]Yo�m=e{_�]��k�G|�_^s+j=b���u�okj�}>`cd+e�]9~Gvyep]Ybl�k`ym=b�]�hks�oke{j�t-b�e�w5u�z K �k`c~g�G��
�z�e



W °

_^s�jYb�� K ��hieg_£`y��u�v�]�~GeGdlj=s+hk�k`yd�erf�jYhkz�~G]YvcjYok`c_HeghkeGo��G�{
�z�eH_^s�j=bn� K ��hieg_£u+okj�}>`cd�eg�\m=j>j>d
_^s�jYb�`cd�egb3hk`y��~G]�hi`yj=b�|>~�z�]Yo�m=e.]Y�k��`cm=b�_HeGb�hG|�]Yb�d9`y��]Yf�vye/hij{o�eG~GjYb���hkoks�~�hieGdCd�`³@#_^s�jYbx_�]��k�keg�
]�h�fTegh�hieGo�hkz�]Yb2DIÆÜo�eG�kjYvcs+hk`cj=b�t�j=o{D XYX ,�eg�Å_�s�j=b��g����]Y~�z�d�eghkeG~�hij=o��ks+f�� K ��hkeG_�w�`cvyvIfTe
d�eg�k~Go�`cfTeGdC`cb9_Hj=oke�d�e�h�]Y`yv�fTeGvcj�w��

Xn�ß�,�N� ��¬R¬�©J¨BÙ�§ ¦E¥
¢\£1_ Û7¥
¢¯Ø

�z�e	���1��d�e�hieg~ghijYo4`c�I]�u�u�okjp�6`c_�]�hkeGv K W D=� Z _<`yb^vcegb�mYhiz\t�okj=_�eGb+d6@Rhkj�@#egb�d�|�z�]Y�I]/d�`�]�_r@

eghkeGo�j�t�]Yu�u�o�jp�+`y_�]qhieGv K D¥ªH_C|�]Yb�d1wLeG`cmYz���D W ª X=X hG�����1��s+�keG��]�~ K vc`yb�d�o�`c~p]�v ~gj6jYokd�`yb�]�hie
� K ��hieG_ `ybnw�z+`c~�znhiz�e���@�]¥�+`y��u�j=`yb�hi��hij�w�]Yokd+�.hkz�eH� '/�!~geGb�hiegoG| ��@�]¥�+`y��uTj=`cb�hi��}YeGo�hi`c~G]Yvcv K |
]Yb�d�hiz�e"!q@�]¥�+`y��o�s�b���u�]Yoi]Yvyvcegv�hij\hkz�e/fTep]�_5vc`cb+e(]�b�dxuTj=`cb�hi��hij�w�]Yokd+�Lhiz+e�;Ys�ok]�_�jYs�b�h�]Y`yb��G�

�z�e�]Y¤G`y_^s+hkz�]Yv�]Yb�mYvceHÍ:µ¨$O`ym�� �+� Z ·�`c��_�eG]Y�ks+okeGd�]pw-] K t�okj=_¢hiz�e#��@�]q�6`y�G| ]Yb�dlhiz�eHu�jYv�]Yo
]Yb�mYvcerb\`c�"_Hep]Y��s�okegd9]�w�] K t�o�j=_?hiz+e$!q@�]¥�+`y�G�I�Rh�`c�"s��ks�]Yvcv K _�j=o�e/~gj=b�}=eGb+`ceGb�h-hkj�wLj=ok�{w�`yhkz
hiz+e�u��kegs�d�j=ok]Yu�`cd+`yh K ÎHÁÖ´1vcbAµ�h�]�bÚb=Ô W ·�ok]�hiz+eGo-hiz�]YbÉb9µ¨$O`ym�� �+�«² · |�]Y��u�]Yo�hi`y~Gvce/u�okj>d�s�~�hi`cjYb
`c��o�j=s�m=z+v K s+b�`yt�j=o�_¼]Y�	]^t�s�b�~�hi`yj=b9jYtOÎT�

Xn�ß�,�ß� ªÖ¦EâP§ ¢�¥

�z�e9_�]�m=b�eghk`c~H��eGvydQ`c�{]�h�hiz�e�z�eG]Yo�hrj�t������[µ�
O]�f�vce �6�yD ·¼� ��² �Ç�l
�z�e�vc`y§3s�`cd%z+eGvc`ys�_

�ks+u�egok~GjYb�d�s�~�hi`cb+m2��j=vcegb�j=`yd:]�hC���1�)`c��D��%_ vyj=b�m�|	]Yb�d:m=egb�eGok]�hieg�9]QFQ
Ü��egvcd��!
�z�`y�
��egvcdC`c���ks+´H~g`ceGb�hkv K ��hkokj=b+m�eGb+j=s�m=zChij�]Yvcvyj¥w[t�j=o�u�o�eG~g`c�ke\_^s�j=b9hiok]Y~��3`cb�m�]Yb�dC_Hj=_�egb�his�_
_Hep]Y��s�okeg_�egb3hk��s���`cb�mlhiok]Y~��S~Gs�o�}Y]qhis�o�e*~G]Ys��kegd7f K hkz�e*��jYokeGb�hk¤*t�j=o�~Ge�s+u�hij Ò Î Ò�Ñ�W>Ó ª6�
�/�.jYtLhiz�`y��w�o�`yhk`cb�m�|�hkz�eH_�]YmYb�egh.z�]Y�.fTeGeGb�`cb���h�]Yvyvcegd�|�]Yb�d�z�]Y��f�egm�]Yb�s�b�d�egokm=j=`yb�m9hieG��hi�g|
`cb+~Gvcs+d�`cb�m9]���s�~G~geG�k��t�s�v�~gj6jYv�@#d+j¥w�bnuTeGo�`cj>d��{
�z�er_�]�m=b�egh�w�`yvcvIfTers��kegd�d�s+ok`cb+m9hkz�e����1�
��]YmYb�eghL
Meg��h-]Yb�d���jY�k_H`c~/��z�]YvcvyeGb�mYe�µ¨�*
	����·��6
�z�e/u+ok`c_�]Yo K m=j�]�vTj�t�hiz+e/_�]Ym=b�e�h"hkeG��h�`y�
hij�~�z�eG~��9t�s�b�~�hi`yj=b�]Yvy`yh K jYtMhiz�e\_�]�m=b�egh	`yb�~Gvys�d�`cb+m�`�hi��~Gj>j=vc`yb�m�|�uTj�w�ego/�ks+u�u�v K ]�b�d1~GjYb3hkokj=v
� K ��hieG_H�G�4�#b�]Yd�d+`yhi`yj=b�|YhkeG��hi�4w�`cvyv+fTe	~gj=b�d�s+~ghiegd�hkj._�]Yu{hiz+e	_�]Ym=b+eghi`y~���egvcd�|�~�z�eg~��r~GvcjY�ks�o�e
hijYvceGok]Yb�~geG�	]Yb�d�hiz+e���eGvcd9hijYvceGok]Yb�~ge�jYt K j=�Ye._Hj=s�b�hiegd*~gj=_�uTj=b�egb�hi�Ä� �Y° �Ç�



W ¬

C ompac t Muon S olenoid

Pixel Detector

Silicon Tracker

Very-forward

Calorimeter

Electromagnetic

Calorimeter

Hadron

Calorimeter

Preshower

Muon

Detectors

Superconducting Solenoid

$O`ym=s�oke��6�¯ª6Ð"�>~�z�eG_�]�hi`y~�jYtOhkz�e\���1
��
d�eghkeG~ghkj=o��K ��hkeG_C

�



� X

$O`ym=s�oke��+� Z Ð"�6`cd�e�}>`ce�w�jYtI���1���kz�j�w�`yb�mHhkz�e\Í�~Gj>j=okd+`cb�]�hkeY�


O]Yf+vce.�+��D=Ð"���1���ks�uTeGo�@#~GjYb�d�s�~�hi`cb+m���j=vcegb�j=`cd9u�]�oi]Y_HeghkeGok�g�

$O`cegvcd F�

�#b�b�eGo J j=o�e ª>�«¬{_
��egb�mYhkz D W �«¬{_
�(s�_^fTeGo�jYtM
 s�okb�� W D Z °
��s�oko�eGb�h D�¬+�«ª{�3�
�>hij=o�eGd*�4b�eGo�m K W �«²r,\;



�+D

% &('*),+.-0/214365879);:<+>=?-�+A@,+.B<C;D�-FE6&�-HGIBKJMLANPOQ.R,B�GS&�TU'V=.R,-0WYXZB6B*+.[U&�T;:<=.-K1



� W

Xn�ß�,��X ¿1§B§B¢�©" q©J¦��N¢,ÙN§ âÉ£5_ ÛF¥
¢¯Ø
8:`yhkz�`yhi��vyj6~G]�hi`yj=b�fTeG`yb�m{~Gvyj=�keg��h�hkjrhkz�e�fTep]Y_Þ~Gj=vyvc`c��`cj=bH}=ego�hie ��|�hiz�e�hiok]Y~��Yego�� K ��hkeG_¼`y�

s���eGd�hkj�u�o�j�}6`yd�e�u�okeg~G`y�ke._�eG]Y�ks�o�eG_HeGb�hi�(jYtMvceGu6hij=b*]Yb�d{��egh	_�jY_�egb3hi]r]�h	z�`cm=zCokeg�kj=vys+hi`yj=b��
�*j=_HeGb�hks�_�_�eG]Y�ks+okeG_HeGb�hk��]Yo�e�`y_�uTj=o�h�]Yb�h�`yb�j=o�d�eGo�hkj*d�e���b�e�`c�kjYv�]�hkeGdnu�z K �k`c~g��j=f3��eG~ghk�
�ks+~�z�]����=���G|�áI���G|�� ���G|�]�b�d������G� J eG~G]Ys��ke�z+ep]p} K u�]Yo�hi`y~Gvceg�M��s�~�zH]Y�Mhkz�e�Ïi@�]Yb+dck@A§3s�]Yo��>�4z�]�}Ye
okegv�]�hk`y}YeGv K vcj=b+mCvy`yt�e�hi`c_HeG�g|�hiz�e K ~p]Ybnhiok]p}=eGvL]9_�eG]Y�ks�ok]Yf�vyeHd+`c��hi]Yb�~geHfTegt�jYokeHd�eG~G] K `yb�m�äMt�jYo
e��+]Y_Hu�vyeY|�hiz�e(�:_�eg�kj=b�z�]Y�LÏI��Á&�6D¥²�_H`c~gokj=_HeghkeGo��G�4�>s�~�z�z�eG]p} K ��]p}Yj=okegdxj=f>��eg~ghi�g|>w�z+`c~�z
~p]�b�d�eg~p] K z3s�b�d�o�eGd��^j�t-_H`c~Go�j=_Heghiegok��]pw�] K t�o�j=_åhiz+e�u�o�`c_�]Yo K `cb�hiegoi]Y~�hi`yj=b�}=eGo�hie ��|Ou�okj�@
d�s�~ge��keg~Gj=b�d�]Yo K }YeGo�hi`c~geG�g�L
�z�e�hkoi]Y~���eGo�� K ��hieG_E_^s���h-f�e�]Yf+vce/hkj{okeG��j=vy}Ye�hiz�eg�ke���eG~GjYb�d�]Yo K
}=ego�hk`c~Geg��w�`yhkz���s+´H~G`cegb�h{u�okeg~G`y�k`cjYb�hij�]Y~G~gj=_H_�j>d�]�hkerhkz�e�`yd�eGb�hk`y��~G]�hi`yj=b�j�t-hiz�e�d�eG~G] K `yb�m
u�]Yo�eGb�h�u�]Yo�hi`y~Gvce��M
�z+e�hkoi]Y~���eGo4_^s+��h�uTeGo�t�jYok_�hiz�eg�ke�t�s�b�~�hi`cjYb��Iw�z�`cvye�_H`cb�`y_�]�vcv K `cb�hiego�t�egok`cb+m
w�`yhkz�hiz+e{u�]Yo�hk`c~gvceG��hiz+eG_H�keGv�}=eg�GäAhiz�egoke�t�j=oke�|A]x_�`yb�`c_�]Yv�b3s�_�f�ego�jYt"]Y~ghk`y}Ye^d�eghkeG~�hij=o�vc] K eGo��
]Yo�eHs+�keGd��ks�~�z�hiz�]�h�mYj6j>dnu�ego�t�j=o�_�]Yb+~Ger`c��egb��ks�o�eGd�|Of�s+h\]�h�hiz+e�~gj=��h.jYt-]9t�e�w?oi]�d�`�]�hk`cj=b
]Yb�dC`cb�hkeGoi]�~ghi`yj=b�vcegb�mYhkz�� � �

�Rhi��~Gvyj=�ke{u+okjp�6`c_H`yh K hij�hiz�eru�o�`c_�]Yo K ~GjYvcvc`y�k`yj=b*}YeGo�hke��l`y_�u�vy`ceg�(hiz�]�h�hiz�e^hkoi]Y~���eGo._^s���h
fTe�oi]�d�`�]�hk`cj=blz�]Yo�d�|4]Y�^]�h\t�s+vcv"vcs�_H`cb�jY�k`yh K |�j¥}YeGo�D XYX=X u�]�o�hi`y~GvyeG�.u�ego�f�s�b+~�z2~gokj=���k`yb�m�]Yo�e
e��6uTeG~�hieGd%hkj*hkoi]p}=egok�ke�`�hi��}=j=vys�_HeY��
�z�`y��z�`ym=z�u�]Yo�hk`c~Gvye�_�s�vyhk`cu�vy`c~G`�h K ]Yvc��j�_Hep]Yb���hiz�]�h^`yb
j=o�d�eGo�hkjS]Y~�z�`yeg}=en]�_�`yb�`c_�]Yv�j>~G~Gs+u�]Yb�~ K |�w�z�`c~�z7wLj=s�vcd)]Yvcvyj¥w¡t�jYo�okeG]Y�kjYb�]Yf�vye1u�jY�k`yhk`cj=b
okeg�kj=vys+hi`yj=b�|�]xv�]Yo�m=e\b3s�_�f�ego�jYt�d�eghkeG~�hij=o�~�z�]�b�b�eGvy��_^s���h�f�e�s��kegd���
�z�e�
Mok]Y~��Yego.~gj=b���`c��hk�
jYt hiz�o�eGe�okegm=`cjYb��Ä� F X �ÇÐ

�-h�D X ~G_ Ñ]\^Ñ)WYX ~G_C|��4`��6eGv+d�eghkeG~ghkj=ok�"]Yo�e-s���eGd��4
�z�e-h K u�`y~p]Yv���`³�6eGv���`c¤Ge�`y�-D X=X�Â D¥ª X
á�_HÄ{hiz3s��H]Yvcvyj�w�`cb�m�t�jYor]YbSj6~g~Gs�u�]�b�~ K jYt\D X ½��Hu�]�o�hi`y~GvyeG��Èqu�`��6eGv�È�f=�Q]qh9D X ~G_at�o�j=_ahiz+e
~GjYvcvc`y�k`yj=b�uTj=`cb�hG�^��eG��`cm=b+eGd�hij9u�o�j¥}>`yd�er�q@#d+`c_HeGb���`cj=b�]�vMuTj=�k`�hi`yj=b�]Yv `cb+t�jYok_�]�hi`yj=b*w�`�hiznz�`cmYz
u�o�eG~G`y�k`yj=b�|�hiz�eH�4`��6eGv�d�e�hieg~ghijYo�� K ��hieG_ `y�.~gj=_Hu�j=��eGd�jYt��9f�]Yo�okeGv"]Yb+d�F*eGb�d�~G]Yu�d+eghieg~ghkj=o
v�] K eGok�\µ�$O`cm�� �+�«° ·����^ +.-*578J6�+d+*/�+.9�sFU`HS;16�6_;I=V5Ñ-:QJ5I9�s7+YK X 579N0�?@-*HS+`�o=o9�;F2 9:57K
?]5O0�?S;F/>�q0�9:5DC7+.9�6�?@/�s�5$2W5I0�+*9�?]5IH,?]6_s7?@C7+./ÆubU
_a`_ ã � `b Ü e70�Q�+ám�9�5FK
?]5O0�?@;7/4H@+*/�s70�QNoq-*57/Wu>+Í8�/JK
+.9�6N0�;b;
K_576p0�Q�+ÍHS+./�sI0�Q_;I=�2W5O0�+*9�?@57H�0�QJ5O0R9�+YK
8J-G+Y630�Q�+B24+.57/



�=�

$M`cm=s�o�e��+�°+Ð"�6~�z�eg_�]�hk`c~�jYt hiz+e������*�4`��6eGvAd+eghieg~ghkj=oG�


�z�e�u�`��6egv�d�eghkeG~�hij=o4� K ��hieg_5`c�If�s+`cvyhMt�okj=_©]Ybr]Yo�oi] K jYtT`yb�d�`y}>`yd�s�]Yv6u�`��6eGv6_�j>d�s�vyeG�g�I��]Y~�z
_Hj6d�s+vce�`y�^~GjY_�uTj=�kegdQjYt(]1�kegb��kj=orvc] K eGo^f+s�_�uSfTj=b�d�egdQhij1hiz+exokeG]Yd�j=s+hr~g`co�~Gs�`�hio K �n
�z�e
�kegb��kjYo.vc] K eGo�`y��u�]Yo�hi`�hi`cjYb�eGd1`yb�hij�`cb+d�`y}>`cd+s�]YvOu+`��6eGvM~GeGvyvc�{D¥ª X�Â D¥ª X á�_ Ä `cb��k`y¤GeCµ�$O`cm=s+okeG�
�+�¬ ]Yb�d �+�yD X ·��

Schematic view 
of a pixel detec-

pixel is connect-

bump to a pixel 
unit on the read-
out chip, where $O`cm=s+oke��+�¬+Ð���`�]�m=oi]Y_0�kz+j¥w�`yb�mH]Hu+`��6eGv�d+eghieg~ghkj=o(egvceg_�egb3hG�


�z�e1d�e�hieg~ghi`yj=b)_HeG~�z�]�b�`c��_ t�jYoHhkz�e1u�`³�+egv(d+eghieg~ghkj=ok�x`y����z�j�w�b7`cbP$O`cm=s+oke �+�yDYD �&�(b
uTjYhiegb3hk`�]Yv�d�`y��eGo�eGb�~ge�`c�-`yb�d�s�~geGd9f�e�h#w�egeGbChiz�e�s�u�uTeGo�]�b�d9vcj�w�ego��ks�o�t�]Y~Geg��jYtMhkz�e�u�`³�+egvÇ�I�(�
]�~�z�]�okm=egd�u�]Yo�hk`c~gvce\hkoi]p}=egok��eG��hiz+e^u6@Rh K uTe^_HeGd�`ys�_*|TeGvyeG~�hiokjYb���e��6~g`yhiegd1hij�hkz�e^~gj=b�d�s�~�hi`yj=b
+*/J+*9�s7UW;I=35 X 5I9�0�?]-GH@+�ubUh5q= 57-G0�;79n;7=E+_x �.+ {|Z



�YF

$O`ym=s�oke��+�yD X Ð��4z�jYhijYm=oi]Yu+z*jYtO]{u�`��6egvAd�eghkeG~ghkj=o�_�j>d�s�vyerµ�~gj=s�o�hieG� K ���1��· �

f�]Yb+d�d�o�`yt®h�hij�w�]Yokd�� hiz�eLb6@Rh K uTeLu+`��6eGvy� w�z�`y~�z{]Y~�hI]Y� ~GjYvcvceg~ghkj=ok�g�M�#b.hiz�eLf�]Yoko�eGv3okegm=`cjYb�|qhkz�eG��e
eGvyeG~�hiokjYb���z�]p}=e\]rvc]YokmYe�d�`c��u�egok��`cj=bC]Yb�mYvcerµ���jYokeGb�hk¤\]�b�m=vcep·�~p]Ys+�keGd*f K hiz�e\���1��_�]Ym=b�e�hi`c~
��egvcd��*
�z�`c�\d�`c��u�egok�k`yj=b%z�egvcu��.hij1d+`c��hkok`yf�s+hieHeGvyeG~�hiokjYb���hij�b�eG`ym=z3f�j=o�`cb�mCu�`³�+egvc�.w�z�`c~�zQ~G]Yb
`c_Hu�o�j¥}Ye{hiz�eHu�jY�k`yhk`cj=b�o�eG��j=vcs+hk`cj=b��H
�z+e��6`yvc`c~gj=bl�*`y~GokjY��hio�`cund�e�hieG~�hij=o��G|Md�eG��~Gok`yf�egd�fTeGvyj¥w�|
wLj=ok�x`ybC]H��`c_H`cv�]�oL_�]Yb�b�egoG�

$M`cm=s�o�e��+��D=D=Ð���`�]�m=oi]Y_0jYtMd�eG_Hj=b���hiok]�hi`yb�m^hiz�e�u�`³�6eGvAd�e�hieG~�hij=o�~gj=b�~Gegu+hp�

8:`yhkz�`yhi�4D�ª�á�_Vo�eG�kjYvcs+hk`cj=b�|g}=eGo�hie �.~Gj=b���hio�s�~ghk`cj=b�~p]�b.fTe�]Y~g~Gj=_Hu�vc`y�kz�egd�`cb��¥@#d�`y_�egb��k`yj=b��
w�z�`y~�zn]Yvcvyj¥w��r�]Yb�d��>@y��eghk�(hkjxf�e�eg´H~G`yeGb�hiv K o�eG~gj=b���hkoks�~�hiegd���
�z�e^f�]Yo�okegvMvc] K eGo���]Yoke\u�jY�k`�@
hi`yj=b�egd�]�h\]Yb�]p}=eGok]Ym=eHd�`c��h�]Yb+~GeHjYt-F���FC~G_C|I²6��9~G_C|O]Yb+dPD X � W ~G_£]pw-] K t�o�j=_Ûhiz�eHfTep]Y_
]q�6`c�g|"]Yb�dSz�]p}=e*]�hijYhi]Yv-vyeGb�mYhkzQjYt�ªY�1~G_C��
�z�e9egb�d�~p]�u���]�oke�uTj=�k`�hi`cjYb�eGdQ]qhH]nd+`c��hi]Yb�~ge
Ò ! Ò ÁB�YF Ó ªr~g_Ý]Yb�d Ò ! Ò ÁBF Z+Ó ª{~G_Ü]pw�] K t�o�j=_¼hiz�e.~GjYvcvc`y�k`yj=b�okegm=`cj=b���
�z�e\oi]Yd�`c]YvA~Gj�}YeGoi]�m=e
`c� Z ~g_ Ñ o Ñ D¥ª�~g_¼]pw�] K t�okj=_0hiz�e�fTep]Y_E]q�6`c�g���"]�~�z*egb�d�~p]�uCvc] K eGo�`y�-~GjY_�uTj=�kegd9jYt W F
wLeGd�m=eg�G|�o�jYh�]qhieGd1]�h W�X*c hkjxf�egb�eg�+h/t�okjY_Ýhkz�e^�Aj=o�eGb�hi¤\eg��eG~�hp|�]�b�d1�kj�z�]p}=e{]rhis�o�f�`cb�e @#vy`c�Ye
m=egj=_�e�hio K �



��ª


�z�e�f�]Yoko�eGv�z�]Y��]Chij�h�]Yv4jYt�² Z °9u�`��6eGv�_Hj6d+s�vceg�G|�w�z�`cvyerhkz�eHeGb�d�~G]Yu%z�]�� Z ² W _Hj6d�s+vceG�
t�j=o�]�hijYhi]Yv�j�t�DpF=F X �O
�z�e�u�`³�+egvc��]�oke/fTj=b�d+eGd�hij^o�ep]Yd+j=s+h�~g`cok~gs�`yhk��j=b�okep]�d�j=s+h�~�z+`cu���w�z+`c~�z
z�]p}=e�].hij�h�]Yv�jYt ª W�Â ª��.u�`³�6eGvc�Lep]Y~�z��4
�z>s+�G|�]YfTj=s+h"F X _�`yvcvy`cj=b^u+`��6eGvT~�z�]Yb�b+eGvc��]Yoke(okeG]Yd�j=s6h
t�j=o�]Ybl]Y~�hi`�}=eH]YokeG]Cj�t X �¬ W _ Ä �r
�z�eru�`��6egvc��~p]�b�]Y~�z+`ceg}Ye�]�b \ ´7Í%o�eG�kjYvcs+hk`cj=b�jYt(D X á�_
]Yb�d*]#!Ho�eG��j=vcs+hk`cj=b9jYt WYX á�_Þj¥}YeGo Ò Î Ò3Ñ7W6Ó F��

�-h WYX ~G_ Ñd\9Ñ ª=ª�~g_*|A�6`cvy`c~GjYb��*`y~GokjY��hio�`cu�d�e�hieg~ghijYok��]Yo�e{s��kegd���
�z�e{o�eGd�s+~GeGdë��s6�
`c��vyj¥w©eGb�jYs�m=z���s�~�z�hkz�]�h�hiz�eH~Gegvcv4��`c¤GeH~p]�b�fTeH`yb�~Go�ep]Y��eGd�hkj�D X ~g_ Â ° X á�_*| ]Yvyvcj�w�`cb�m
] W @#�Æ¼j6~g~Gs�u�]�b�~ K È�f=���\
�z+e{
�� J µ�
 oi]Y~���eGo��#b�b�ego J ]Yo�okeGv�·	~gj=b��k`y��hk��jYt�F�d�eghkeG~�hij=o�vc] K eGo��
e��>hkeGb�d�`yb�mxhij Ò ! Ò�ÑVZ ª�~g_*�(
�z�e^
�� J `c�	f�s�`yvyh	t�okj=_Ü� XYX á�_¡hiz+`c~��9�kegb��kj=o��G|�w�`�hiz�° X @�D WYX
á�_¢u�`yhk~�z�| ]Yb�d�²¥@�D W �¯ª�~g_Ûvcegb�mYhkz��^
�z�er��ok��h�h#w�jCv�] K eGok��u�o�j�}6`yd�er��hkeGokegj*_Hep]��ks�o�eG_HeGb�hi�g|
w�`yhkz�]�b�]Yb+m=vce�jYt�D X=X _�ok]Yd�|�w�z�`y~�z1]Yvyvcj�w��-t�j=o	] \ ´2Í�o�eG��j=vcs+hk`cj=b9jYt W �q@#�YFrá�_*|�]�b�d�]V!
okeg�kj=vys+hi`yj=b�jYt W �rá�_*�

�-h*ª=ª�~G_ Ñe\VÑ D WYX ~g_*|	_�jYoke�~gj=s�o��kel�6`yvc`c~gj=b7�C`c~Go�j=��hkok`yu���]Yo�e1s��kegd�|(w�`�hiz7~geGvcv
�k`y¤GeHjYt W ª9~g_å�2D�° X á�_*| ]Yvyvcj�w�`cb+m9]�DIÆ¢j>~G~gs�u�]Yb+~ K µ¨$O`ym�� �+�yD W ·���
�z�e�
	� J µ�
 oi]Y~���eGo
��s+hiego J ]Yoko�eGv®·^~gj=b��k`y��hk��jYt���`��2d�e�hieg~ghijYo�v�] K eGok��e��>hiegb�d�`yb�m�hkj Ò ! Ò�Ñ D=D X ~G_C|-]Yb+dPs���eG�
ª X=X _H_ hiz�`y~����kegb��kjYok�{w�`yhkz�]1��hio�`cuQu�`�hi~�zQt�okj=_ D WYX hkjSD�° X á�_C�n
�z�`c�{~gj�]Yo��ke�okeG]Yd�j=s6h
`c�x]Y~G~geGu+hi]Yf�vce�f�eg~p]Ys���e�jYt�hiz�e�d�eG~gokep]��keGd[u�]Yo�hi`y~Gvce��s6���!
�z�e1��ok��hxh#wLj2vc] K eGo���u�okj�}>`cd+e
��hkeGo�eGj{_Hep]Y��s�okeg_�egb3hk�G��
�z�`y�-v�] K ego-~p]�b�_�eG]Y�ks�o�e \ ´�Í*]�h-]{��ª¥@�ª W á�_0okeg�kj=vys+hi`yj=bx]�b�d9]f!
okeg�kj=vys+hi`yj=b9]�h(ª W á�_C�I
�z�e�
��"�?µ�
Mok]Y~��Yego/�4b�d6@��-]Yu�·-~GjYb��k`y��hi��jYtMb�`yb�e�v�]Yo�m=e�d�`y�k�3��`cb�hiz+e
okegm=`cjYblD WYX ~G_ Ñ!Ò ! Ò>ÑBW ° X ~G_¡]Yvyj=b�m{hiz+e.fTep]�_¼]q�6`c�g�


�z�erhioi]�~��YeGo�`y��e��6u�eg~ghkeGd�hkjCo�eG~gj=b���hkoks�~�h�~�z�]Yokm=egd�u�]Yo�hk`c~GvyeG�/w�`�hiz�Õ » â0D�,�eg��ÈYÏ¥|M]��
u�]Yo�hi`y~Gvceg��fTeGvyj�w¼hiz�`y�Hhkz�okeg�kz�jYvcdBµgÖ�vcj>j=uTeGo��k×3·{]Yo�e�e��6uTeG~�hieGd)hkj�fTe�fTeGb�hx��s�~�z)hiz�]�h�hkz�e K
w�`cvyvAb�jYh	_�]Y�Ye.`yh�t�]Yo�eGb+j=s�m=z1`ybChkz�e \ @Rd�`co�eG~ghk`cj=b�hkj�fTe\d�e�hieg~ghiegd1f K hiz�e.u�`��6egvc�G����z�]YokmYeGd
z�]Yd+okj=b��\]YfTj�}=e�hkz�`c��hkz�okeg�kz�j=vyd%]Yo�ere��6u�eg~ghkeGd%hijCfTe�o�eG~GjYb���hkoks�~�hieGd%w�`�hiz�°�ª Æåe�´�~g`cegb�~ K �

�z�`y�(e�´�~g`cegb�~ K w�`cvyvA`c_Hu�okj�}=e�w�`yhkz�z�`ym=z�ego"Õ » s�u�hij�¬�ª Æx�	�*s�jYb��(w�`yvcvAfTe�okeg~Gj=b+��hio�s�~ghkeGd
w�`yhkzP]�b�e�´�~g`cegb�~ K jYt/f�e�hkhiego{hiz�]YbP¬=°Æ¦`ybQhiz�eCf�]Yo�okeGv�o�eGm=`yj=b�|"w�z�`cvye�eGvceg~ghkokj=b��rw�`cvyv-fTe
okeg~Gj=b+��hio�s�~ghkeGdPw�`�hiz2]Yb2eg´H~G`yeGb�~ K jYt�¬ X Æx�2
�z+e*o�eG�kjYvcs+hk`cj=bSjYt	hiok]Yb���}YeGo��ke�_Hj=_HeGb�his+_*|



� Z

$O`ym=s�oke��6�yD W Ð�U�s�]Yo�hkeGo�}>`ce�w�jYtI���1�C��hio�`cu9d�eghkeG~�hij=o�v�] K j=s+hp�

hiok]Yb���}=eGo��ke\`c_Hu�]Y~gh�u�]Yoi]Y_HeghkeGog|�]Yb�dCvcj=b+m=`yhks�d�`cb�]Yv�`y_�u�]�~gh�u�]�oi]Y_HeghkeGo�t�j=o��k`yb�m=vye�_^s�j=b���`y�
�kz+j¥w�b*`cbC$O`ym=s�oke �+�yDp� �

�/�MjYt+hkz�`c��w�ok`�hi`cb+m�|�hiz�e"�k`yvc`c~gj=b�_�`y~Go�j=��hkok`cu�hkoi]Y~���eGoO� K ��hieg_<`y���k~�z�egd�s�vcegd^hij(f�e"d�eGvy`y}YeGokegd
hijHuTj=`cb�h/ªH]qh(hkz�e\fTeGmY`cb�b�`yb�mrjYt W�X=X ²6�L
�z�e\u+`��6eGv�� K ��hieG_Ü`c��e �+uTeG~�hiegd�hij�f�e�d�egvc`y}YeGo�eGd1]qh
hiz+e.fTeGmY`cb�b�`yb�m{jYt WYX=X °6�

Xn�ß�,�^] ·d®N¢	��¥
©�¬�ØÚ¦Lâ�§ ¢�¥�Ù��À�Ä¦3®�¬p©JÙ�ØÚ¢�¥
¢�©
�6`yhks�]�hkeGd�fTegh#wLeGegb�hiz+e\hiok]Y~��Yego/� K ��hieg_¢]�b�d*hkz�e\z�]Yd�okjYb�~p]�vcj=o�`c_Heghiego.µ¨$O`ym�� �+�yDGF ·�|�hiz+e

�4vceg~ghio�j=_�]Ym=b�e�hi`c~\�-]Yvyj=ok`y_�e�hiego�`c�	d�eG��`cm=b�egd�hij�u�okeg~G`y�keGv K _�eG]Y�ks�o�e\egvceg~ghio�j=b��/]Yb�d�u+z�jYhijYb��
s���`cb�m�b�eG]Yokv K ° X | X=X=X vyep]Yd�hks�b�m=��h�]�hke.µ¨�4f+8)� � ·M�k~g`cb�hi`yvcv�]qhi`cb+m	~go K ��hi]Yvc�	µ�$O`cm+� �6�yD¥ª · ~Gj�}YeGok`yb�m
hiz+e*u���eGs�d+j=oi]Yu+`cd�`�h K oi]Yb�mYeCj�t Ò Î Ò-Ñ ��� F�D �¨�P
�z+e*z�`ym=z2okeG��j=vcs6hi`cjYb2uTeGo�t�j=ok_�]Yb�~ge9jYt�hiz+e
�"������� K ��hieg_Ý`c��d�`y~gh�]qhieGd9f K hiz+e.o�eG§3s�`yokeG_HeGb�h�hijr_Hep]Y��s�oke�d�`³@#u�z+jYhij=bx��b�]YvA��hi]�hieg�G�


�z�e{�"�����Q~go K ��hi]Yvc�(`cb�d�s+~Ge�egvceg~ghio�j=_�]Ym=b�e�hi`c~.�kz+j¥wLeGo��/w�`yhkz�`cbChiz�eg`co�}=j=vys�_He.hkz�okj=s+m=z
��j=s�vyj=_^f�`cb�hiegoi]Y~�hi`cjYb���fTegh#wLeGegb2`yb�~GjY_�`yb�m*egvceg~ghio�j=b��^jYo\u�z+jYhij=b+�{]Yb�d�hkz�exb3s�~gvceG`LjYt�hiz+e
~Go K ��h�]�vÇ�4
�z�`y��`cb�hiegoi]Y~�hi`cjYbx~p]Ys+�keG�	]{��hkokj=b+m{d�eF��eg~ghk`cj=b9`cbxhkz�e�u�]�hkz9]Yb9`cb�~gj=_H`cb�m\eGvceg~ghkokj=b�|
w�z�`y~�z�`yb3hkeGo�b2~G]Ys���eG�rhiz�e9eGvyeG~�hiokjYbShkj�ok]Yd�`c]�hiexu+z�jYhijYb��*µ�f�o�eG_H_���hioi]�vcs�b�m�·���
�z+eG�keCu�z�jq@
hijYb��^w�`cvyvLhiz+eGbSh K u+`c~p]�vcv K u�o�j6d+s�~Ge9eGvyeG~�hiokjYb6@#uTj=�k`�hio�j=b%u�]Y`yok�g��
�z�eg�keCu�]Y`co��^hiz�egbS`cb�hiegoi]Y~�h
`cbShiz+e*�k]Y_�eC_�]Yb�b�ego�]��Hhkz�e*`yb�`yhk`�]YvLeGvyeG~ghkokj=b��)
�z�`c�Hu�o�j=u�]Ym�]qhi`cjYb2vyep]Yd+�Hhkj�]Yb�eGvyeG~ghkokj�@



��²

η
0 0.5 1 1.5 2

η
0 0.5 1 1.5 2

) [
%

]
t

/p t
 pδ(σ

1

10 , pt=1GeVµ

, pt=10GeVµ

, pt=100GeVµ

η
0 0.5 1 1.5 2

η
0 0.5 1 1.5 2

m
]

µ
) [ 0

 dδ(σ

10

210

, pt=1GeVµ

, pt=10GeVµ

, pt=100GeVµ

η
0 0.5 1 1.5 2

η
0 0.5 1 1.5 2

m
]

µ
) [ 0

 zδ(σ

10

210

310

, pt=1GeVµ

, pt=10GeVµ

, pt=100GeVµ

$O`ym=s�okex�+�yDp�+Ðx��eG��j=vcs+hk`cj=b%t�jYo^�k`yb�m=vce�_^s�j=b��^w�`�hizQhiok]Yb���}=eGo��keC_�jY_�egb3hi]%D=|�D X |"]Yb�d:D XYX
,�eg��È�Ï	t�j=ogÐ	µ�s�u�uTeGoi·Lhiok]Yb���}YeGo��ke._�j=_HeGb�hks�_*|�µ�vyj�w�ego�vcegt®h�·�hkoi]Yb���}=egok�ke.`c_Hu�]Y~�h-u�]�oi]Y_HeghkeGoG|
]Yb�d�µ�vyj�w�ego�ok`cmYz3h�·�vcj=b+m=`yhks�d�`cb�]Yv�`y_�u�]Y~gh�u�]Yoi]Y_HeghkeGo&� �=� �¨�

through ECAL.

y

z

Preshower (ES)

Barrel ECAL (EB)

Endcap

= 1
.65
3

= 1
.47
9

= 2.6

= 3.0
ECAL (EE)

$O`ym=s�oke��6�yDpF+Ð"U�s�]Yo�hkeGo-}>`ce�w�jYtO�"�����%v�] K j=s+hp�



�=°

$M`cm=s�o�e��+��D¥ª6Ð��4z�jYhkj=m=oi]�u�z9jYtI]{��`cb�m=vye��"������~go K ��hi]YvLµ�~GjYs�o�hkeG� K ������·��

_�]Ym=b�e�hi`c~H�kz+j¥wLeGo^t�jYok_�]�hi`yj=blw�`�hiz�`yb�hkz�ex~Go K ��h�]�v�µ¨$M`cm�� �+��D Z ·����4z�jYhijYb���w�z�`y~�zQ`cb�`�hi`�]�vcv K
eGb�hkeGoLhkz�e	~Go K ��h�]Yv�}=jYvcs�_He�`cb�`�hi`�]qhie-��z�j�w�ego�u�o�j6d�s+~ghi`yj=bH`cbrhiz�e(].��`c_H`cvc]YoI_�]Yb�b�egoG�I�(�L_Hj=oke
u�]Yo�hi`y~Gvceg�H]Yoke9u�o�j6d�s+~GeGd�|�hiz�eCeGb+eGokm K u�ego�b�e�w¡u�]Yo�hi`y~Gvce�d+eG~Go�ep]Y��eG�xs+b3hk`cv-��b�]Yvcv K u�]Yo�hi`y~Gvce
u�]Y`yo�@Ru�okj>d�s�~�hi`cjYbx��hkj=u��G|�]Yb�d9_�jY��h�jYt hiz+e�eGb�egokm K `y��]Yf���j=okfTeGd9f K hkz�e�~Go K ��h�]YvAo�eG��s�vyhk`cb�m{`yb
vc`ym=z�h	eG_H`c�k��`cj=bChiz�]qh/`y�(~gj=vcvyeG~ghkeGd*f K d�e�hieG~�hij=o���]�h(hiz�e\eGb�d1j�tIhiz�e�~Go K ��h�]YvM� �Y¬ �Ç�	
�z�e^vy`cm=z�h
K `cegvcd9`c��u�o�j=uTj=o�hk`cj=b�]�v�hiz+e.`yb�`yhk`�]YvTeGb+eGokm K jYt hiz�e�`cb+~Gj=_H`cb�m{u�]Yo�hk`c~GvyeY�

$O`ym=s�oke��+��D Z Ð ��`�]YmYoi]Y_BjYtT]�b{eGvceg~ghkokj=_�]Ym=b�e�hi`y~L��z�j�w�ego4d�eg}YeGvcjYu�`cb�m�t�o�j=_!]Yb{`cb+`yhi`c]Yv�u�z�j�hij=b��


�z�el�"�����<~go K ��hi]Yvc�9z�]p}Ye�]%��z�j=o�h9oi]Yd�`c]�hi`yj=bPvyeGb�m�hiz!µhgHË�Á X6Ó °=¬%~g_x· |/]S�Cj=vc`yeGoke
oi]�d�`cs�� 6 µ W � W ~g_x· |�]Yb�dP]Yoke*]YfTj=s+h W ��~g_ vyj=b�m��P
�z�`c��]Yvcvyj¥w��rb�]�okokj�w¡egvceg~ghio�j=_�]Ym=b�e�hi`c~
�kz+j¥wLeGo��{hij1t�j=o�_£`yb�hiz+e�~Go K ��h�]Yvy�G|4jYt�w�z�`y~�z2¬=¬ÆÛjYt�hiz�e�eGb�egokm K `c��~gj=b�h�]Y`yb�eGd%hkz�eGo�egt�j=o�e

L û /Ñ5I/&+.HS+Y-�0�9�;F2457s7/�+*0�?]-q6�Q�;OtR+*9YeÂ0�Q�+Wcd;FHS+.?S9�+M9�5FK
?S8>6Åþji-:QJ579�5F-�0�+*9�?lk.+.6B0�Q�+M0�9:5I/>6NCF+*9:6N+M6NQ�;OtR+*9�6�?lk.+x �.+ {|Z



�=¬

_�]Y�3`cb�mH]H}YeGo K ��_�]�vcv��"�����%� K ��hieg_¢j�}=egoi]YvyvAw�`yhiz*m=j>j6d9eGb+eGokm K ]�b�d�uTj=�k`�hi`yj=b9okeG��j=vcs6hi`cjYb
µ¨$M`cm�� �+��D¥² · ��
�z�eG��er~Go K ��h�]Yvy��w�j=o��*wLeGvyvMw�`yhkz1hiz�e^� '/�Bhk`c_H`cb�mH��hkoks�~�his�o�eH]Y��°�ª Æ¡jYt�hiz+e
vc`ym=z�h�`y��eg_�`�hkhiegd�`yb WYX b��g�1�#b%hiz+exf�]Yo�okeGvLokegm=`cj=b�|Mhiz+e��"�����:~Go K ��h�]Yvy�^z�]p}=e9]Yb%]YokeG]�jYt
WYX+Ó ª Â�WYX6Ó ª�_H_ Ä µ�jYoFm{Î Â mHÍ�Á X+ÓX DpF ÂnX+ÓX DpF3·�t�]Y~G`yb�m�hkz�e^oi]�d�`�]Yv�d�`yokeg~ghi`yj=b�|�w�z�`cvye�`yb
hiz+e�eGb�d�~G]Yu�|�hkz�e K ok]Yb�m=e(t�okj=_ W ² Â�W ¬^_�_HÄ-hij�Dp° Â�W�X _H_HÄ�µ�m{Î Â mHÍ9Á X+ÓX ª Â*X+Ó«X ª=·��

E (GeV)
0 50 100 150 200 250

(E
)/E

 (%
)

σ

0

0.2

0.4

0.6

0.8

1

1.2

1.4 3x3
S=3.63 +/− 0.1%
N=124 MeV

3x3 Hodo Cuts
S= 2.83 +/− 0.3%
N=124 MeV
C= 0.26 +/− 0.04%

C=0.26 +/− 0.01%

$O`ym=s�oker�6�yD¥²>Ð\�"���/�)�ks�uTeGo�_�j>d�s�vye{eGb�egokm K okeg�kj=vys+hi`yj=bl]Y�.]9t�s+b�~ghk`cj=bnjYt�eGvceg~ghkokj=bleGb�egokm K
eGb�hkeGok`yb�m�]H� Â �H]Yo�oi] K jYtO~Go K ��h�]Yvy�Ä� �=� �Ç�

�#b�j=o�d�eGo�hij	eGb+z�]Yb�~geLhiz+e�]Yf+`cvc`�h K hkj(��eGu�]�oi]�hkeQ0 Ë ����t�okj=_ � ���G|=���1�.eg_�u�vyj K �M]�u�okeg�kz�j�wLeGo
d�e�hieG~�hij=o�`ybxt�okj=b�h�jYt�hiz+e\�"���/��~Go K ��h�]Yvy��`cbxhkz�e�t�j=o�w�]Yokd9o�eGm=`yj=blµ�D ÓZ ª Ñ©Ò Î Ò�Ñ7W6Ó«Z ·��4
�z�`y�
d�e�hieG~�hij=o4~gj=b�h�]Y`yb��Oh#wLj�vceG]Yd^~GjYb3}YeGo�hieGo��G�"��]Y~�zrvceG]Yd^~GjYb3}YeGo�hieGo�vc] K eGoI`y�Mt�j=vyvcj�wLeGd^f K ](u�v�]Yb+e
jYt���`cvc`y~Gj=bC��hkok`yu�d�e�hieG~�hij=o��/w�`yhkz�]�u�`�hi~�z1j�t�D=�¬�_�_C�¤0 Ë ����~p]�b1f�e\d�`c��hi`yb�m=s�`y�kz�egd�t�okj=_ � ���
f K e��+]Y_H`cb�`yb�m{hiz�e\~�z�]YokmYe�d�`y��hio�`cf�s6hi`cjYbCj�t�]YvcjYb�mHhkz�e.d�eghkeG~ghkj=o/��hio�`cu��(]Y�/d+`�@:�1u�okj>d�s�~�hi`cjYb
t�okjY_ 0 Ë d�eG~G] K �(�kz�jYs�vcd9okeg�ks�v�h	`cb�f�o�j�]YdC~�z�]YokmYe.d+`c��hkok`yf�s+hi`yj=b��-jYbChkz�e���hio�`cu9d�e�hieG~�hij=o��G�

�/��jYt"hiz�`y��w�ok`yhk`cb�m+|�b�ep]�okv K ° X ÆÝjYt�hkz�er�"�����)~Go K ��h�]�vc��z�]p}=eHf�egeGbld�eGvy`y}YeGokegd����*j=o�e
hiz�]Ybxz�]Yv�tAjYtAhkz�e�� Z �L���/�VÖ��ks�uTeGo�_�j>d�s�vyeG�k×�z�]p}=e�fTeGegb9]Y�k��eG_^f�vyeGd�]�b�d�~p]Yvy`cf�ok]�hiegd��O
-wLj
�ks+u�egok_Hj6d�s+vceG��z�]�}Ye\fTeGegb�`yb���hi]YvcvyeGd�t�j=o�s+�ke.d�s�ok`yb�m{hiz�e\�*
	���/�



F X

Xn�ß�,��« Y�¦3¨ ©�¬P§ï�Ä¦3®�¬p©JÙ�ØÚ¢�¥
¢�©
�#bnf�e�h#w�egeGbnhiz�er�"�����S� K ��hieG_ ]�b�d1hiz�e��ks�uTeGo�~Gj=b�d+s�~ghk`cb�m9�kjYvceGb+j=`cd1��`yhk�/hiz�er'(]Yd�o�j=b

�-]Yvyj=ok`y_�e�hieGo�� K ��hieg_ � F W �¨�I
�z�e�'/������� K ��hieG_0w�jYok�3�-`cb�~Gj=b+~GeGo�h�w�`�hiz�hkz�e��"���/�l� K ��hieg_
hij�u+okj�}>`cd�e�t�s+vcv"~Gj�}=egoi]Ym=e9s�u%hkj Ò Î Ò4Ñ ª1]�b�d%hij1_Hep]��ks�o�exhiz�exegb�eGo�m K ]�b�dQd�`co�eG~�hi`cjYb%jYt
u�]Yo�hi`y~Gvce���eghi�"~p]�s��kegd�f K §3s�]Yok�3�L]Yb�drm=vys�j=b��g|6]���wLeGvyv�]Y��_�`y�k��`cb�m�hkoi]Yb���}=egok�ke(eGb�egokm K ~G]Ys���eGd
f K b�egs+hio�`cb�j=� W µ�j=o�jYhiz+eGo�e��6jYhk`c~�u�z�egb�j=_HeGb�]=·��

�*s�~�z�vc`c��e�hiz+e9�L���/�4|Ihiz�e9'/�����V� K ��hieg_ÉokeGvy`ceg�^j=bS�kz�j�wLeGord�e�}=eGvyj=u�_HeGb�h�]Yb�dSeGb>@
eGo�m K ]Yf���j=oku+hk`cj=bnhij*d�eghkeG~�h�hiz+e�`cb+`yhi`c]YvO`yb�~GjY_�`yb�m9u�]Yo�hk`c~gvceG�Æ� �=¬ �¨� J eG~G]Ys���e�hiz�eH`cb+~Gj=_H`cb�m
z�]Yd+okj=b���vyj=�kereGb+eGokm K u�ok`y_�]�ok`cv K hiz�o�j=s�m=zl��hkokj=b�mC`cb�hkeGoi]�~ghi`yj=b1w�`yhkzlhkz�erb3s�~GvyeG`4jYt"hiz�e�]Yf6@
�kjYokfTeGo�_�]�hkeGok`c]YvÇ|4hkz�e1'/�����B� K ��hkeG_ _^s���h�fTe�_^s+~�z)v�]Yo�m=eGo{hkz�]Yb)�"���/���"
�z�e�'������
� K ��hieG_E`c�-]\�i]Y_Hu�vc`yb�m�~G]YvcjYok`c_HeghkeGo4w�z�`y~�z�~Gj=b���`c��h�jYt�F{_H_Åhkz�`c~��Hu�vc]Y��hk`c~	�k~G`yb�hi`cvyv�]�hkj=o4hi`yvceG�
w�`yhkzQw-]p}=egvcegb�mYhiz>@#�kz+`yt®hi`yb�m���fTeGo{okeG]Yd�j=s6hp|"`cb�hiegokvceG]p}=eGdSw�`yhkz�ª�~g_ahiz+`c~��%f�ok]Y�k�H]Yf+�kj=o�f�ego
u�vc]�hieg�.µ¨$O`ym�� �+��D�° · �

$O`cmYs�oke��6�yD�°6Ð"�6~�z�eG_�]�hk`c~�wLeGd�m=e.s���eGd*hkjrf�s�`cvyd9s�u*f�]Yoko�eGv�o�eGm=`yj=b9jYtMhkz�e.'����/��� K ��hkeG_C�

�/��]�z�]Yd�okjYb�`c~-��z�j�w�ego�u�]Y�k��eG�4hiz+okj=s�mYz{ep]Y~�zrv�] K eGoIjYt�]Yf+�kj=o�f�egoG|�_Hj=oke-egb�eGo�m K `y�IvcjY��hOw�z+`c~�z
`c�Hhiz�egb7_�eG]Y�ks+okeGd:f K hiz�e1��s�f���eG§3s�eGb�h*�k~g`cb�hi`yvcv�]qhij=o{vc] K eGog�B
�z�e1hijYhi]Yv	eGb�egokm K ~Gj=vyvceg~ghiegd
f K hiz+e��k~G`yb�hi`cvyv�]�hkj=ok�\`c��hkz�eGb2u�o�j=u�jYo�hi`yj=b�]Yv�hij�hkz�]�h{jYt	hiz+e�`cb�`�hi`�]�vL`yb�~Gj=_H`cb+m�z�]Yd+okj=b����

Z cd?]6�6�?S/JsÄ0�9�57/J6�C7+*9:6�+�+*/J+*9�s7UÑ?]642M+Y576�8�9�+.KÆu1U$0:5ITb?@/�s�0�Q�+d/�+.sF5I0�?@C7+wC7+.-G0�;F946�8�2Ö;7=B0�Q�+�-*57HS;F9�?@24+G0�+.9+*/J+*9�s7Uq-*;7/10�+./10P?@/W0�Q�+on í"p X H]5I/�+FZLmnQJ?@6PrF8>5I/10�?S0�U4?@6�?S2 X ;79�0�5I/10�?@/_QJ5FK
9�;7/_-G;FHSH@?]6N?@;7/J6�57630�Q�+ 0�;I0:5IH�?S/�?S0�?]5IH0�9:5I/>6NCF+*9:6N+ +./�+*9�s7UM?@/�QJ5FK
9�;F/_u�+.5I2Ô-*;7H@HS?]6�?S;F/W?@6n-G;F/J6�?@K
+.9�+YK_5v-*;7/J6�+*9�C7+YKWr18J5I/10�?S0�Ud�ot,Q�;16N+i?@/�?l0�?@57H�6�0:5O0�+Í?@6
��F�ùv
0�QJ+*9�+G=o;79�+7e10�Q�+V24?@6�6N?@/�sM0�9:5I/>6NCF+*9:6N+i+*/�+.9�sFUW?S/>K
?@-.5O0�+.6,?@/bC1?]6�?Su�H@+ X 5I9�0�?]-GH@+V-G;F/F0�+*/10.Z



F�D

m=ok]Yb3s�v�]Yo�`yh K jYtqm{Î Â mHÍ7Á X+ÓX °�² ÂQX+ÓX °�²C`c�^s���eGdS`cb�hiz�exf�]Yoko�eGv�o�eGm=`yj=b Ò Î Ò4Ñ¼W µ¨$M`cm��
�+��D�¬ · �"
�z+`c�	m=oi]Yb3s�vc]Yok`�h K `y���ks�`�h�]Yf�vye�t�j=o�m=j>j6d9d�`³@y��egh���eGu�]�oi]�hk`cj=bC]Yb�d*_�]��k��okeg�kj=vys+hi`yj=b����#b
hiz+e�eGb�d�~G]Yu9okegm=`cj=b�|�D Ó � Ñ©Ò Î Ò3Ñ � ÓX |>hiz�e�Î�m=oi]Yb3s�vc]Yok`�h K oi]Yb�mYeG�-t�okjY_ X � X °�²\hkj X ���ª6|6w�z+`cvce
hiz+e�Í���eGm=_HeGb�hi]�hi`yj=b9oi]Yb�mYeG��t�okj=_ X � X °�²\hij X ��D¥²=ª�oi]�d�`�]Yb+�.µ¨$O`ym�� �+� WYX · �

$O`ym=s�oke��+��D�¬+Ð���z+jYhij=mYoi]Yu�z7j�t\f�]Yoko�eGv/uTj=o�hi`cjYb)jYt�hiz�e1'������!d�eghkeG~�hij=oxw�`�hiz7`cb+d�`y}>`cd+s�]Yv
wLeGd�m=eg�(~gvceG]Yokv K }>`c��`cf�vyerµ�~gj=s�o�hkeG� K ���1��·��

�#bHhkz�e�okegm=`cjYb Ò Î Ò3Ñ D Ó F�|3���1�{z�]Y�"]Ybrz�]Yd+okj=brj=s+hkeGo4~G]Yvcj=o�`c_HeghkeGoMw�z+`c~�zr�k`�hi�4j=s+hk�k`yd�e�jYt
hiz+e"��j=vcegb�j=`yd�]Yb�d��kego�}=eg�Mhkj	_Hep]��ks�o�eIhiz�e�vcj�w-@ReGb�egokm K h�]Y`yvc��hkz�]�h�okeg�ks�v�hAt�okj=_&v�]�hkeId�e�}=eGvyj=u�`yb�m
j=oAz�`ym=z�v K egb�eGo�m=eghk`c~��kz�j�wLeGo�� w�z�`y~�z�]�oke4b�jYh�~gj=b�h�]Y`yb�eGd�f K hiz+e4f�]Yoko�eGv3'/�����4��
�z�`c�Ad+eghieg~ghkj=o
z�egvcu���eGb+�ks�o�e�]{okjYf�s���h	egb�eGo�m K _�eG]Y�ks+okeG_HeGb�hG�

�#b�j=o�d�eGo�hkj�m=`�}=e�t�s�vyvAm=eGj=_Heghkok`y~p]Yv�~gj�}=eGok]Ym=e.jYtOhkz�e.~p]Yvyj=ok`y_�e�hieGo�� K ��hkeG_C|�egb�]Yf�vy`cb�m{hiz+e
okeg~Gj=b+��hio�s�~ghk`cj=b*jYtO}YeGo K t�j=o�w�]Yokd{��eghk�G|T]H��eGu�]�oi]�hke.t�j=o�w-]�okdC~p]Yvyj=ok`y_�e�hieGo�� K ��hkeG_Ý`c��s���eGd1`yb
hiz+e^okegm=`cj=b1� ÑEÒ Î ÒTÑ ª>���Rh�`c��]�vcj>~p]�hkeGd%DYD{_å]pw�] K t�okj=_¡hkz�e{`cb�hiegoi]Y~�hi`yj=b�o�eGm=`yj=b���
�z�`y�
d�e�hieG~�hij=o.s���eG�{]9��hkeGeGvL]Yf���j=okfTeGo�w�`yhkz�eg_^fTeGd�d�egd%§3s�]Yo�hi¤r��f�egok�.w�z�`c~�z�]Y~gh�]Y��hiz�e�]Y~ghk`y}Ye
_�]�hiegok`�]�vÇ�



F W

$O`ym=s�oke��6� WYX Ð���z+jYhij=mYoi]Yu�z.jYt>hiz�e�egb�d�~p]�u�uTj=o�hk`cj=b�jYt>hiz�e"'/�����xd�e�hieG~�hij=o�µ�~gj=s�o�hieG� K ���1��· �

�/�^j�t�hiz�`y�.w�o�`yhi`yb�m�| hiz�e�' J uTj=o�hk`cj=b�jYt�hiz+ex'����/�[� K ��hieg_az�]���fTeGeGbQ`yb��kego�hkeGdQ`cb�hkj
hiz+e��kj=vyeGb�jY`cd��4�M]Yo�h�jYtAhiz+`c��� K ��hieg_Þw�`yvcvTu�]Yo�hk`c~g`cu�]�hke(`yb�hkz�e��*
	���/��
�z+e�eGb�d�~G]Yu�_Hj6d�s+vceG�
z�]p}=e\]Yvy�kjrf�egeGb*]Y�k��eG_^f+vceGd��

Xn�ß�,��³ ª á ¬�§ £1_ Û7¥
¢¯Ø
�*s�j=b+�"w�`yvcv+u+okj�}>`cd�e	]�~Gvyep]Ybr�k`ym=b�]�hks�oke�j�t�`cb�hkeGokeg��hk`cb�m�u�z K �k`y~G�L]�h4hiz�e	��'��2]Y�4hiz�e K ]Yo�e

jYt®hkeGb�`yb�hiz�er��b�]Yv���h�]�hkeG��j�t-z�eG]�} K u�]Yo�hi`y~Gvce{d+eG~p] K �{]Yb+d�_H`cb�`y_�]Yvyv K `yb3hkeGok]Y~gh�w�`yhkz�`yb�b�ego
d�e�hieG~�hij=o/� K ��hkeG_H�GäAhiz�egoke�t�j=oke�|����1��z�]Y��]Yb�e��>hio�eG_HeGv K o�j=f�s���h�_^s�j=b�� K ��hkeG_C��
�z�eH���1�
_^s�jYb�� K ��hieG_0eg´H~g`ceGb�hkv K `cd�egb�hi`y��eG�"_^s�j=b��"s�u�hkj Ò Î Ò3Ñ)W6Ó F�]Yb�d�_�eG]Y�ks�o�eG�"hiz�eg`co"_�j=_HeGb�hi]
w�`yhkz�mYj6j>dnokeG��j=vcs6hi`cjYbPµ�$O`cm+� �+� W D ·��H�Rhi��t�]Y��h\d+eghieg~ghkj=o\o�eG��u�j=b+�kex]�b�d�~gs���hkj=_�eGvyeG~�hiokjYb�`c~g�
]Yvyvcj�w:hiz�`y��� K ��hkeG_¡hijru�o�j¥}>`yd�e\���1�C]{w�`yhkz�}=eGo K eg´H~G`yeGb�h	_^s�j=b9hio�`cm=mYeGo�� F�� �¨�


�z�e1_^s+j=bP� K ��hieg_ `y��~gj=_�uTj=��eGd)jYt�]�f�]Yo�okegv/]Yb+d)eGb�d+~p]Yu)� K ��hieg_*|�eG]Y~�zPw�`yhkz�t�j=s+o
v�] K eGok��µ�jYo	��h�]�hk`cj=b+��·��L
�z�e.j=s+hiego	}Yj=vcs+_�e�jYt4���1�*`y�	`yb���hkoks�_HeGb�hkeGd*w�`�hizC_^s�j=bCd�e�hieG~�hij=o��
_Hj=s�b�hiegd�j=b9hijrhiz�e.`co�j=b9�ks�u+u�j=o�h/��hio�s�~ghks�oke�hiz�]qh/]�vc�kjH�kego�}YeG��]Y��hkz�e\o�eghks�okb K j=��e\t�j=o�hiz+e
Fr
V_�]Ym=b�e�hi`y~���eGvyd��

J eG~G]Ys���e�jYt�hkz�e{vcj�w!j6~g~Gs�u�]Yb�~ K `cb1hiz+e{f�]Yoko�eGvIo�eGm=`yj=bn]Yb�dl]xb�eG]Yo�s�b�`�t�j=ok_Ü_�]Ym=b�e�hi`c~
��egvcd�|Ohkz�exf�]�okokegvLo�eGm=`yj=b%jYt�hkz�e�_�s�j=b%� K ��hieg_ s��keg�^d�o�`yt®h�hks�fTeG�9µ�$O`cm�� �+� W=W · ��
�z�exd+ok`yt®h
his+f�eg�4]YokeLd�ok`�t®hI~�z�]�_^f�egok�O��vcvcegd\w�`�hiz{]/m=]Y�O_H`��>his+oke"jYt��/o�@���� Ä �O
�z�e K z�]�}Ye�D=� W _�_Bhkz�`c~��
]Yvys�_�`yb3s�_¼~p]qhiz�j>d�eG�g|�]Y�	w�egvcvM]Y�/��h�]Y`yb�vceg�k�(��hiegeGvO]Yb�j>d�e.w�`yokeg����hkoks�b�mx]Yvcj=b+mHhkz�e�~geGb�hiego�jYt



F��

$O`ym=s�oke��6� W DYÐ"U�s�]Yo�hkeGo-}>`ce�w��kz+j¥w�`yb�m��*s�j=b�� K ��hkeG_C�

hiz+e	hks�f�e��I�/�L_^s�j=b+��hkoi]p}=egok��e/hiz�e�m�]��"}Yj=vcs�_HeY|�hkz�e	t�o�eGe	eGvyeG~ghkokj=b+�Lvy`cfTeGoi]qhieGd{t�o�j=_©hiz+e(m�]��
d�o�`yt®h�hij�w�]Yokdnhiz+e�]�b�j6d+erw�`yokeg��w�z+`c~�zlu�okj�}>`cd�erhiz+eH��`cm=b�]YvI`cb6t�j=ok_�]�hi`yj=b�t�j=o�hkz�erd�eghkeG~�hij=og�
JLK �3b�j�w�`yb�mChkz�erd�ok`�t®h�}=egvcj>~G`yh K ]Yb�dld�ok`�t®h�hi`y_�e�|�hiz�eruTj=�k`�hi`yj=b�jYt�]Ybn`cb�~gj=_�`yb�m�u�]Yo�hi`y~Gvce���
d�`y��h�]�b�~Ge{t�okjY_åhiz�eH]Yb+j6d�e{w�`yoker~p]YblfTeHo�eG~gj=b���hkoks�~�hiegd��x
�z�eg�ke�d+eghieg~ghkj=ok�\]Yoker~G]Yu�]Yf�vye{jYt
]r�ku�]�hk`�]YvAo�eG��j=vcs+hk`cj=b9fTegh�hieGo�hkz�]Yb W ª X á�_*|�]�b�d*z�]�}Ye^]{hi`y_�`yb�m^okeg�kj=vys+hi`yj=bCjYtI]�f�j=s6h�ª{b��g|
w�z�`y~�z*`y��]Yd�eG§3s�]qhie�t�j=o�f�s�b�~�z*~Go�j=�k��`cb�mr`cd+eGb�hi`���~p]�hk`cj=b��

8:`yhkz�z�`ym=z�eGo�u�]�o�hi`y~GvyeHok]�hieg��]�b�d%]Cb�j=b6@Rs�b�`yt�jYok_Û_�]Ym=b�e�hi`y~^��eGvyd�|Mhkz�e�egb�d�~G]Yu%okegm=`cjYb
eG_Hu�vyj K eGeg�C~G]�hiz+j6d�e���hio�`cu:~�z�]Y_^fTeGoxhkeG~�z�b+j=vcj=m K �©
�z+elegb�d�~G]Yu&o�eGm=`yj=b7~GjYb��k`y��hi�9jYt�t�j=s+o
��hi]�hi`yj=b���j�t��-]�hkz�j>d�eH�>hio�`cul��z�]�_^f�egok�Hµ¨������·��A
�z�eg�keH]Yo�e{�/o�@���� Ä @��-$ � ��vyvcegd1_^s�v�hi`yw�`yoke
u�o�j=u�jYo�hi`yj=b�]Yv�~�z�]�_^f�egok��u+okj�}>`cd�`yb�m9���1�1~GjY_�u�vyeghke^]Y¤g`c_^s+hkz�~gj¥}YeGok]Ym=eCµ�`ybnÍ�· |�]Y�(w�egvcvI]��
X+Ó ¬ ÑÅÒ Î Ò�ÑVW6Ó F+�	�6`��*~p]qhiz�j>d�e.��hio�`cu�]Yb�d�]Yb+j6d�e�w�`co�e\vc] K eGo��/~gj=_�uTj=��e^]���`cb�mYvce���hi]�hi`yj=b�`yb
hiz+e�eGb+d�~p]Yu�� K ��hieg_*�/
�z�e^~�z�]Y_�f�egok��]Yo�e\hkoi]YuTeG¤gj=`cd�]�v `yb���z�]YuTeY|�e �6hkeGb�d+`cb�m1D X*c j=o WYX*c `yb
Í |�]Yb�dC]Yoke�~gj=_Hu�j=��eGd9jYtM~p]�hkz�j>d�e���hkok`cu+��]Yvc`ym=b�eGd�ok]Yd�`c]Yvcv K t�okj=_0hiz�e�fTep]Y_E]q�6`c�G|�]Yb�d9m=j=vyd



F=F

$O`ym=s�oke	�+� W=W ÐO�4z�jYhijYm=oi]Yu+z�jYt���ok`yt®h�@Rhks�f�e�d+eghieg~ghkj=ok�L`cbrhiz�e(f�]Yoko�eGv�okegm=`cjYb1µ�~Gj=s�o�hieg� K ���1��· �

u�vc]�hiegdx]Yb�j>d�e�w�`co�eG�-]�vc`cmYb�eGdH`cbrhiz�e(j=o�hkz�j=m=jYb�]Yv�d�`co�eG~�hi`cjYb��O
�z�eg�ke�~�z�]Y_^fTeGok�-]Yoke(]Yokok]Yb�m=egd
hij{t�j=o�_¡]{~Gj=_Hu�vyeghie�d+`c�k�1µ¨$O`ym�� �+� W � · �

�5_^s�j=b�eGb�hiegok`cb+m9hkz�e^m�]��/}=j=vys�_He^jYtL]9������w�`cvcv ~p]�s��kegdl`yj=b�`y¤p]�hk`cj=b��/
�z�e{okeg�ks�v�hi`cb+m
eGvyeG~�hiokjYb��(w�`yvcv ]Y~G~geGvyeGoi]qhie\hkj�w-]Yo�d��/hkz�e^]Yb+j6d�e�w�`co�eG�(~p]Ys���`cb�mx]�~�z�]Yo�m=e^]p}�]Yv�]�b�~�z�eY�	
�z�eg�ke
eGvyeG~�hiokjYb���]�oke*hkz�eGb�~Gj=vyvceg~ghiegdPf K hiz�e*]Yb�j>d�e9w�`co�eG�G|�`cb�d�s+~G`cb+m%]Yb�`c_�]Ym=e�~�z�]Yo�m=e�jYb�hiz+e
~p]qhiz�j>d�e���hio�`cu��g� J"K `yb�hieGo�u�jYv�]�hk`cb�m{hiz+e�~�z�]Yo�m=e�d+`c��hkok`yf�s+hi`yj=bCf�e�h#w�egeGbnb�eG`ym=z3f�jYok`cb+m���hiok`yu��G|
]�u�okeg~G`c��e�_Hep]Y��s�okeg_�egb�hOjYt6hiz�e�Í^~Gj>j=okd+`cb�]�hke�~p]Yb.f�e"_�]Yd�e(µ¨$O`ym�� �+� W F ·�� 
�z�e�]Yb�j>d�e��k`cmYb�]Yvc�
u�o�j¥}>`yd�eG��t�]Y��h�hk`c_H`cb�m�`yb+t�j=ok_�]�hk`cj=b�]�b�d^]�~Gj=s+ok�ke"_Hep]Y��s�okeg_�egb3hMjYt6hiz�e"Î�~Gj>j=okd+`cb�]�hkeY��
�z�eg�ke
~�z�]Y_�f�egok�	]Yoke�h K u�`y~p]Yvyv K ]Yf�vye�hij{u�o�j�}6`yd�e�]{�ku�]qhi`�]�v�okeg�kj=vys+hi`yj=b�jYtM]YfTj=s+h WYXYX á�_�µ�D X=X á�_
t�j=o�hkz�e�~�z�]Y_�f�egok�rj=b%hiz+e�`cb�b�ego{_�jY��h{o�`cb�m1~gvcj=��eG��h{hij1hiz+eC`yb�hieGok]Y~ghk`cj=b�okeGmY`cj=b�· ��
�z+eCÍ
okeg�kj=vys+hi`yj=b�`c����µ�D X _Hoi]Yd�·��


�z�e�f�]Yo�okegv+]Yb+d^eGb�d+~p]Yurokegm=`cjYb��Mw�`yvcv>]Yvc��j/~gj=b�h�]Y`yb{�	eg�k`y��hi`�}=e���vc]�hie-��z�]Y_^fTeGo���µ¨�	�"����· |
s���eGd�hkj�u�o�j�}6`yd�e\]Yd�d�`�hi`cjYb�]Yv�hk`c_H`cb�m{`yb+t�j=ok_�]�hk`cj=blµ�ÄÅD.b���·-hij��kego�}>`c~ge.hkz�e\hkok`cmYm=eGo�� K ��hieg_



F3ª

$O`ym=s�oke��+� W �+Ð��4z�jYhijYm=oi]Yu+zCj�tMjYb�e���hi]�hi`yj=b9jYt�hiz�e�eGb+d�~p]YuC_^s�jYb�� K ��hkeG_£µ�~gj=s�o�hieG� K ���1��· �

$O`ym=s�oke��+� W F�Ð"�-]Yo�hkj6jYbC`yvcvys���hkoi]�hk`cb�m�hkz�e�~Gj=b+~GeGu6h(j�t4�����[d�eG��`cm=b��



F Z

]Yb�d9u�o�j�}6`yd�e.]Yd�d�`�hi`yj=b�]YvT_^s�j=b9d�e�hieg~ghi`yj=b9~p]Yu�]Yf�`cvy`yhk`ceG�g�O���	�"�[`c��_�]Yd+e�t�okj=_0h#w�jHu�]Yok]Yv�@
vcegvIu�vc]�hieg��w�`yhiznz�`ym=znf�s�vy��okeg�k`y��hi`�}>`yh K |A��eGu�]�oi]�hkeGd�f K ]�m�]���m�]Yul]xt�egw?_H`cvyvc`y_�e�hieGo��	w�`yd�eY�
�4vceg~ghio�j6d+eG�I]�okeLt�jYok_HeGd^f K hiz�e�j=s+hiegoO��s�o�t�]Y~geG�Ij�t�hiz�eLu�v�]�hkeG�g|�w�z�`y~�zr]YokeL~Gj�]�hkeGd�w�`�hiz{]	~Gj=b>@
d�s�~�hi`�}=e.m=oi]Yu+z�`yhke.u�]Y`cb�hp��
�z�e\d�eghkeG~�hij=o	�k`ym=b�]Yv�`y��u�okj>d�s�~geGd*w�z+eGb1]�b�eGvyeG~�hiokjYb�]p}�]Yv�]�b�~�z�eY|
`cb+d�s�~GegdSf K `cb�~gj=_H`cb�mC_^s�j=b+�{~GokjY�k�k`yb�m1hiz+exm�]Y�^o�eGm=`yj=b�|4d�o�`yt®hk�\hij�w�]YokdQhkz�e9]Yb�j>d�eY|Ihkz3s��
`cb+d�s�~G`yb�mH]Yb9`c_�]Ym=e�~�z�]Yokm=e�j=b9hiz+e.o�ep]Yd+j=s+h�~p]qhiz�j>d�eG�g�

$M`cm=s�o�e��+� W ª6Ð"�-]Yo�hij>j=b9`cvcvys���hkoi]�hk`cb�m.hiz�e�~gj=b�~Gegu+h	jYt4�	�"�[d�eg�k`ym=b��

$O`ym=s�oke �6� WYZ ��z�j�w��(hkz�e�_^s�j=b9_Hj=_�egb�his�_ÞokeG��j=vcs6hi`cjYb9]Y~�z�`ce�}�]Yf�vce�f K ���1�T�
inner tracker and muon detector measurements (“full system” in Figure 1.5).
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�z+eG�keHf�]Y~��3m=o�j=s�b�d+�\~G]Yb
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�i]�m=`yh�h�]^`cb+d�s�~Gegd*f K hkz�e�_�]YmYb�eghk`c~/��egvcd�|�]�Õ » _Hep]Y��s�okeg_�egb3h	~G]Yb*fTe�_�]�d�eY�
(G�3+*9:6�5Bcd;
K
8�H@+5�p8J9�; X +3u�8>6 X 9�;OCb?@K�+.6�57/ û �����d6N0�57/JK�579�Ki8J6�+.K�=o;F9<-*;7242v8�/J?@-.5O0�?@;7/�u�+G0�tR+*+./�+*H@+.-G0�9�;7/�?]-24;
K
8�H@+.6.ZwmnQ�?]6v57HSH@;Ot 6V+./�s7?@/�+*+.9�6i0�Q�+W=o9�+*+YK
;72 0�;�K
+Y6N?@s7/ÑQ>5I9:K
tR579�+424;
K
8�H@+.6Vt,?S0�Q`0�Q�+�5F6�6�8�9:5I/J-*+4;I=,56N0�5I/>K�5I9:K�?@/10�+.9N= 5F-G+i=o;79 K�5I0�5qAJ;OtÚx Õ j {fZ
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Second generation prototypes

$O`ym=s�oke/F��F+Ð���`�]Ym=ok]Y_0�kz�j�w�`cb+m�
 oi]Y~��=@#$O`cb�d+eGo�v�] K j=s+hp�
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$O`ym=s�o�e�F��«ª6Ð"�6eG~�hij=o	�4okj>~Geg�k��j=o(vyj=m=`y~�u�ok`yb�~G`yu�vce��


�z�e�hiok]Y~��=@R��b+d�`cb�m�u�okj>~Geg�k��`c�Lu�]Yo�hi`yhk`cj=b+eGd�`yb�hij^��eg}=egoi]Yv���hiegu��G����mY`y}=egbx��hi]�hi`yj=b�w�`�hiz�`yb
]S�keG~�hij=oC_�] K z�]p}=e%]��C_�]Yb K ]Y�9hiz+okeGe�� ��
��*o�eGuTj=o�hkeGd[hijShiz�e��+�M��
�z+eG�ke�� ��
��1]Yo�e
hiz+eGbV~gj=b�}=ego�hiegdB`cb�hijShiok]Y~��=@#��eGm=_HeGb�hi�g|�w�z�`c~�zV]Yokeld�eG��~Go�`cfTeGdV`yb[hkeGo�_��9jYt\hiz�eg`co�Í�]�b�d
Î2~Gj>j=okd�`yb�]�hkeG�G�[��]Y~�z)hkoi]Y~��=@#��eGm=_HeGb�h�`ybPeG]Y~�z7��hi]�hi`yj=bP��z�j=s�vyd)f�e*~�z�eG~���eGd&]Ym�]Y`yb���hHhiz+e
�kegm=_HeGb�hi�{`yb�jYhkz�eGo^��h�]�hk`cj=b+�\hij�d�eghkeGok_H`cb+e�hiz+exvc`y�YeGvy`cz�j>j>dnhkj1z�]p}=e�jYok`cmY`cb�]�hkeGdnt�okj=_ hiz+e
�i]�_�e�_^s+j=b��4
�z�egokegt�jYokeY|�eG]Y~�z9hioi]�~���@R�kegm=_�egb�h�`c��e��>hkoi]YuTj=v�]qhieGdxhkz�okjYs�m=z�hij{jYhkz�eGo���h�]�hk`cj=b+�
]Yb�d&~Gj=_Hu�]Yo�eGd&]Ym�]Y`yb���h9e �6`c��hk`cb�m2�kegm=_HeGb�hi�g�¼�Rtr]Yb[e��>hiok]YuTj=v�]�hk`cj=b7`y�9�ks�~g~GeG����t�s�v¨|.hkz�eG��e
�kegm=_HeGb�hi�H]Yo�e�vc`cb+�YeGdQhkjnt�jYok_ ]���`cb�m=vye�hiok]Y~����S��]Y~�z�uTj=���k`cf+vce�u�]Y`yo�w�`y�kex~gj=_^f�`yb�]�hi`yj=b%`y�
hieg��hkeGdV`yb&u�]Yoi]YvyvcegvÇ�?�	t®hieGo9e �6hkoi]YuTj=vc]�hi`yj=b�|	d�j=s�f�vyeghk�*]�oke�hiz�egbVvy`cb���eGd:hij2]Y�k��eG_^f+vcent�s�vcv
hiok]Y~��3�G�n��eGd�s+b�d�]Yb�h^hkoi]Y~��3�{]Yo�ex~p]�b�~GegvceGd�|Ihiz�e�f�eg��h^hkz�okege�hiok]Y~��3�r]Yoke��keGvyeG~�hieGd�|�]Yb�d%hiz+e
hiok]Y~��xu�]�oi]Y_HeghkeGok�	]Yo�e�hiz�egb�_Hep]Y��s�okegd��


�z�e��+�1z�]Y�Ahiz+e�]Yf+`cvc`�h K hkj(z�]Yb�d�vyeL� ��
�� okeg~GeG`�}=egd�j=s+h jYt+��hkeGu\t�o�j=_Vhkz�e�f�s�b�~�z^~gokj=���k`yb�m
hi`y_�e�`yb�w�z�`c~�z9hiz�e\]Y~�his�]YvA_�s�j=b�hiok]�}YeGo��keGd*hiz�e�d�e�hieG~�hij=o�}=jYvcs�_HeYÐ4hiz+`c��~p]�b�fTe�hkz�e�okeg�ks�v�h
jYt(�kvy`cm=z�h{hi`y_�e���z�`yt®hk�{`cbSeGvyeG~�hiokjYb�`c~9� K b�~�z+okj=b�`y¤p]�hk`cj=b2j=o{fTeG~G]Ys��keCjYt/eGvceg~ghkokj=b2d�ok`�t®h^hi`y_�e
eg��eG~�hi�^w�`�hiz�`yb�hiz�e�~�z�]Y_^fTeGo��G��'/]Yb�d+vc`cb+m*hiz+eG�ke�jYs+h{jYt�hk`c_Hex� ��
��{`c��]Y~G~gj=_�u+vc`c��z�eGd�f K
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hiz+e J s�b�~�z���okjY�k�k`yb�m{�/b�]Yv K ¤GegoG|+w�z+`c~�z9]Yvyvcj�w��Lhkz�e.�6eG~�hij=o-��o�j6~geG���kj=o-hkj^t�j=ok_Åhiok]Y~��3�-t�okj=_
� ��
��(o�eG~geG`y}YeGd*s�uChkjrj=b�e�f�s�b�~�z*~Go�j=�k��`cb�mrv�]qhieGo-hkz�]Yb9hiz�e�eG]Yokvy`ceG��h�� ��
��


�z�e���o���h���hieGu�`yb�hkz�e/hiok]Y~��=@R��b+d�`cb�m{u+okj>~GeG���-`c�"hij^e �>hioi]�u�j=vc]�hie(u�]Y`yo�w�`c��e/~gj=_^f�`yb�]�hi`yj=b��
jYt3hiok]Y~��=@#��eGm=_HeGb�hi�g�I
�z�`y��`c��]Y~g~Gj=_Hu�vy`c�kz+eGd�f K o�eG§3s�`co�`cb�m-hkz�eIh#wLj(��eGm=_HeGb�hi�Ahkj�f�e4~gj=b��k`y��hkeGb�h
w�`yhkz9]{_^s�j=b�j=o�`cm=`yb�]�hk`cb�m.t�okj=_Åhiz�e�~gj=vcvy`c��`cj=bH}=eGo�hie �C]Yb�d�w�`yhkzC]Yb9]Yu�u�o�j=u�o�`�]�hke�~Gs�o�}�]�his�o�e
`cb+d�s�~GegdSf K hiz�e�b�jYb6@#s�b+`yt�j=o�_¦_�]Ym=b�e�hi`y~���egvcd����¼�ks�~g~Geg�k��t�s+v(e �6hkoi]YuTj=vc]�hi`yj=b�`y�r]Y�k��`cm=b�egd
w�z�egb�h#w�j*hioi]�~���@R�kegm=_�egb�hi�^vy`ce{w�`yhkz�`cb�]Yvcvyj�w�egdlw�`yb�d�j�w��^jYt¶mrÎ�]Yb�d mHÍ%@/b�eG`�hiz�ego�� ��

�kz+j=s�vcd�f�eHu�]Yok]YvcvyeGvOhkj*hkz�e�fTep]Y_ ]¥�+`y�G|M]Yb�d%fTjYhkz���z�j=s�vyd%]Yu�uTep]�o.hkj�j=o�`cm=`yb�]�hie^t�o�j=_Ûhiz+e
`cb�hkeGoi]�~ghi`yj=b�okegm=`cjYb��


�z�e�
Mok]Y~����(�k�keg_^f�vyeGo�(b+`yhi�"µ�
M��	��·�e��+]Y_H`cb+eI�ks�~g~Geg�k��t�s+vcv K e��>hiok]Yu�jYv�]�hkeGd�hiok]Y~��=@#��eGm=_HeGb�h
u�]Y`yok��hij^��eGe�`�t�]�vc]Yokm=ego4hioi]�~���~G]YbxfTe(t�j=o�_�egd��I�Rt��kj+|6hiz+j=�ke���eGm=_HeGb�hk��]Yoke(~Gj=_�f�`cb�egdx]Yb+d�]
~Gj>d�e	`c��]Y���k`ym=b�eGdHhij.d�eGb+jYhie�w�z�`c~�zH_^s�jYb���h�]�hk`cj=b��"]Yo�e�`cb�}=j=v�}=egd���$�j=o4e��+]Y_Hu�vce�|>$O`cm=s+oke F��«ª
`cvyvcs���hiok]�hieg�/hiz�o�eGeH� ��
��xµ�`cbn��hi]�hi`yj=b��CÖgDG×�|	Ö W ×�|�]�b�d�Ö��Y×3·/fTeG`cb+mCvy`cb���eGd�hij�t�j=o�_�]��k`yb�m=vce
_^s�jYbrhkoi]Y~����4
�z�eg�ke	hioi]�~��>�L]Yo�e-��ok��hLt�j=o�_�egdr`cbru�]Y`yo�w�`c��e�~Gj=_�f�`cb�]qhi`cjYb��GÐ ]YbHe��>hiok]YuTj=v�]�hk`cj=b
jYtM��hi]�hi`yj=b���ÖgD Ç W ×r`y���ks�~g~GeG����t�s�vyv K _�]Yd�e�|�]Y��w�egvcvA]Y�	]r�ks�~g~Geg�k��t�s+vMe �6hkoi]YuTj=vc]�hi`yj=b�jYtM��h�]¥@
hi`yj=b���Ö W Ç �Y×+��$�o�j=_Ehkz�e�`yvcvcs+��hiok]�hi`yj=b�|6`yh	`c�	eg}>`cd+eGb�h/hkz�]�h	hiz�eg�ke^��_�]Yvyvcego-hioi]�~��>�/]Y~ghks�]Yvyv K
j=o�`cm=`yb�]�hie^t�o�j=_�hiz�e��i]Y_HeH_^s�j=b�| hiz�egoke�t�j=oke�|Ohiz�e�
M��Åw�`cvyv4~Gj=_^f+`cb�erhiz�e��k_�]YvcvyeGo�hiok]Y~��3�
hijYm=eghkz�eGo�hij{t�j=o�_¼]rv�]Yo�m=eGo{ÖgD Ç W Ç ��×�]��k�kj>~G`c]�hi`yj=b��

�Ûvc`y��h�jYt�b�`yb�e�uTj=�k��`cf�vye*hkoi]Y~��3�x`y���kegb�h�hij�hkz�e�$O`yb�]Yv(�6eGvyeG~�hi`cjYb7(b�`�h�µ�$4�+/·����>`cb�~ge
d�`���egokeGb�h�d�]qh�]^��hkokeG]Y_���_�] K ~gj=b�h�]Y`yb�d�]�hi]�t�okj=_Åhiz�e��k]Y_He�_^s�j=b��g|+hiz+e�$4�+V_^s+��h�~p]�b�~Gegv
okegd�s�b�d�]Yb�h(hkoi]Y~��3�G|T]Yb+dC��eGvyeG~gh�hkz�e�f�eg��h	hiz�o�eGe�d�`c��hi`yb�~gh�~G]Yb�d�`yd�]�hieg�G�


�z�e(��b�]Yv���hi]Ym=e	jYtAu�o�j6~geG�k��`cb�m\`cbrhiz�e	
�$�|3uTeGo�t�jYok_HeGdHf K hkz�e(�(�k��`cm=b�_HeGb�h�(b�`�hp|3`c��hiz+e
_Hep]Y��s�okeg_�egb3h/jYtIhkz�e.hkoi]Y~��9u�]�oi]Y_HeghkeGok�	w�z�`c~�z*`cb�~gvcs�d+eG�(hkz�e�Íl]Yb+d1Î9~Gj>j=okd�`yb�]�hkeG�	jYtIhiz+e
_^s�jYb�|+hiz+e\_�]Ym=b�`�his�d+e�jYt hiz�e�hiok]Yb���}=eGo��ke\_�j=_HeGb�hks�_<Õ » |�hkz�e��k`ym=b9jYtOhkz�e�_^s�j=b�|�]Yb�d*]Yb
j�}=egoi]Yvyv�§3s�]Yvy`yh K µ�`cb�hkeGoku+okeghkeGdC]Y��hkz�e�s�b+~GeGo�h�]Y`yb�h K jYtAhiz+e�_�j=_HeGb�hks�_Þ_Hep]��ks�o�eG_HeGb�h · �4
�z�e
_Hj=��h�`c_Hu�j=o�h�]Yb�hL§3s�]Yb�hi`�h K hkj{~p]Yvy~Gs�vc]�hie(]Y~G~gs�oi]qhieGv K `y�Lhkz�e�_^s�jYb^Õ » |�]Y�Lhiz�`y��§3s�]Yb�hi`�h K z�]��
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]�d�`yokeg~gh{`y_�u�]�~gh\j=b%hiz�e�hiok`ym=m=ego\ok]�hie�]�b�d%j=b%hkz�exeg´H~g`ceGb+~ K �n
�z�e�hijYhi]Yv�vc]�hiegb�~ K jYt�hiz+e
�6eg~ghijYo(�4o�j6~geG�k��j=o	`c��D��{f=��µ¨$M`cm F�� Z ·��

$O`ym=s�oke{F+� Z Ð\��`�]�m=oi]Y_Ü�kz+j¥w�`yb�m9hi`c_He{okeg§3s�`co�eGd�hkj*~gj=_Hu�vce�hierep]Y~�z���hi]Ym=erjYt�hkoi]Y~��=@Ç��b�d�`yb�m
u�o�j6~geG�k�g�


�z�e/�6eG~�hij=oL�4okj>~GeG���kj=oLf�j=]Yokd*µ¨$M`cm�� F��¯² ·I]Y~G~geGu+hk�L��t®hkeGeGb�j=u+hk`c~p]�v�vc`yb��3��t�o�j=_©��}Ye��Cs�j=b
�MjYo�hx�-]Yokd��g|-w�z�eGo�e�eG]Y~�z)vc`yb��%~G]Yoko�`ceG�H`cb6t�j=ok_�]�hi`yj=bQ~GjYokokeg�kuTj=b�d�`yb�m�hkj�jYb�e�_^s+j=b2hkoi]Y~��
�kegm=_HeGb�hOeG]Y~�z�f+s�b�~�z6@R~GokjY�k�k`yb�m�|qw�z�`c~�z.`c��d�eg�k~Go�`cfTeGd.f K ](� W @#f�`�h�w�jYokd��O�"]�~�z�vc`yb��(hkoi]Yb+�k_H`yhi�
]^� W @#f�`�h"wLj=o�d�eg}=ego K W ª\b��L�kegok`�]�vc`c¤geGd�j¥}YeGo�]�D=� Z ,�f�Èq�Lj=u6hi`c~G]YvTvc`cb+�T�I��u+hi`y~p]Yv�hiok]Yb���~GeG`�}=egok�
]Yo�exs��kegdSf K hiz�e9�*�L�?t�j=o�hkoi]Yb+�k_H`c�k��`cj=b�|4]Yb�dQf K hkz�eC�+��t�j=o�o�eG~Gegu+hi`yj=bSjYt	� ��
Þd�]�h�]+�
�/d+d�`yhk`cj=b�]�vcv K |�hkz�erf�j�]�okdlokeG~geG`�}=eG�.s�ulhijC°C_�s�j=b�hiok]Y~����kegm=_�egb�hi�G| �kegb�h�� K b+~�z�okj=b+j=s��\hkj
hiz+e{F X ��'(¤H��'��B~Gvyj6~���|�t�okjY_¢hiz+e J ]Yoko�eGv��Cs�j=bl� K ��hkeG_Û}>`�]�]xhiok]Yb���`yhi`yj=b1~G]YokdnfTeGz�`yb�d
hiz+e.
 oi]�~���@#$O`cb+d�eGo�~Gok]�hie����~gs���hkj=_¡f�]Y~��3u�vc]Yb�eY�

J eG~G]Ys���eHhkz�e{hioi]�~��1�kegm=_�egb�h\`yb+t�j=o�_�]�hk`cj=b1]Yoko�`y}=eg��t�okj=_aD¥ªxd�`y��eGo�eGb�h�j=u+hk`c~p]�vIvc`yb��3�G|A`yh
`c�/]Yvc`ym=b�egd*hij�hiz�e^u+okj=uTeGo�f+s�b�~�zn~Go�j=�k��`cb�mxb3s�_�f�ego�f K s���e^jYt4t�okjYb3h�@#egb�dn$O��$ ����]Yb�d1� K b6@
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~�z�o�j=b�`c¤G]�hi`yj=b�u+okj>~GeGd+s�okeg�G��
�z�e��>eG~ghkj=o���eG~geG`y}YeGo�]Yvcm=jYok`yhkz�_?`y�L`y_�u�vyeG_HeGb�hiegd�`ybx]\��eGo�`ceG�LjYt
~p]��k~p]�d�eGd�vcj>j=�=@#s�ur_HeG_Hj=ok`yeG�G|�`ybrj=okd�ego4hij._�`yb�`c_H`c¤ge"hkz�e(��`c¤ge	j�t���hi]�hi`y~�_�eg_�jYok`ceg�	µÇ�+������·
~�z�`yu��/o�eG§3s�`co�eGd�Ð�~�z�]Y_^fTeGo(�kuTeG~G`���~^� ��
Bd�]qh�]�`y���keGb�h�hkj�hkz�e.��ok��h/_�eg_�jYo K |�hkz�`c�	_�eg_�jYo K
hiz+eGbC�keGb+d��	]rvyj6~G]YvAÍC_�eG]Y�ks�o�eG_HeGb�h�hij^h#wLj�_Hj=o�e�_�eg_�jYok`ceg��w�z�`y~�z9hkz�eGbCs���e�hkz�`c��vyj6~G]Yv�Í
_Hep]Y��s�okeg_�egb3h4]Yvcj=b+m(w�`yhkz^hiz�e�j=ok`ym=`cb�]�v3�M��
Sd�]qh�]/hij(t�j=ok_!]�m=vyj=f�]Yv6Í�]�b�d{Î�_Hep]Y��s�okeg_�egb�h
t�j=o-hkz�e�m=`y}YeGbC�keG~�hij=og�


�z�e�]�b�m=s�vc]Yo�`cb+t�j=o�_�]qhi`cjYb^t�j=o�]�vcv�hiok]Y~��{�kegm=_HeGb�hi�-`y�4hiz�egbxu�]Y���keGdxhkj.hkz�e/_�]Y`yb�$O�L,���|
w�z�`y~�zle �6eG~Gs6hieG��hiz+e{eGb�hi`yoke{�q@Rd�`c_HeGb+�k`cjYb�]YvAhiok]Y~��3`cb�mC]Yvym=j=ok`�hiz�_¡j�t"hkz�eH�6eg~ghijYo���o�j6~geG���kj=og�

�z�`y��$I�",��<�k`�hi��j=b1]x_�eg¤G¤p]�b�`cb�e\~p]Yo�d�j=b1hiz+er�+�M|Thiz3s���]�vcvcj�w�`yb�m�t�j=o(_�]¥�+`y_^s�_¡d�eg�k`ym=b
��e �+`yf�`cvy`yh K t�j=oIt�s+his+oke	`c_Hu�okj�}=eg_�egb�hi�G�O
�z�e(jYs+hiu�s6h�jYtThiz+e��6eg~ghkj=o��4o�j6~geG�k��j=oL$I�",��:`c����eGb�h
hij(hiz�e Õ » ]Y�k��`cm=b+_�egb3hMvcj>j=�3s�u.h�]Yf�vyeG�g|�]Yvc��j��+��������|Y]�b�d�hiz+e�okeg�ks�v�hi�Ij�t�hiz�e Õ » ]Y���k`cmYb�_�egb�h
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stop) or a gluino at the LHC are displayed in Figure 13.1. The nearly diagonal lines delimit
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�'(�#�0u�]Yo�hkj=bl�kz�j�wLeGo�_Hj>d�eGv
t�j=o4`yb�`yhk`�]Yv�Èq��b�]Yv���h�]�hke�oi]Yd�`c]�hi`yj=b9µ����+�/È�$4�+�(·O`c�Ij=b+v K o�ep]Yvy`c��hi`c~�`cb^hiz+e	~gj=vcvy`cb�eG]YoI]�u�u�okjp�6`c_�]q@
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���+�(ÈY$4�+����eghk�G�4
 jr]Y~G~gj=s�b�h-t�j=o"hiz�`y��s�b+d�eGo�eG��hk`c_�]�hi`yj=b�j�t��kj=_He/f�]�~��>mYokj=s�b+d���d�s�e/hkj^z�`cmYz
º-» ���+�(ÈY$4�+�7��eghi�g|O]�� K ��hieg_�]�hk`c~rs�b�~geGo�h�]Y`yb3h K o�eGu�o�eG��eGb�hi`yb�mChkz�erd�`y��eGo�eGb�~ge�fTegh#wLeGegb�hiz+e
u�]Yo�hij=b9��z�j�w�ego/_Hj6d�egvA]Yb�d�hkz�e�_�]�hkok`³�xegvceG_HeGb�h(]Yu�u+okj�]Y~�zC`c��eg��hk`c_�]�hiegdC`yb*�6eG~�hi`cjYb�� D X �

$�j=o�]�vcv�f�]Y~��3m=o�j=s�b�d���~Gj=b���`cd�egokegd�|Ohiz+e�,�ep]Yb�h^f�]Y�kegd2�.�+�����5t�oi]Y_HegwLj=ok��`y�\s+�keGd%hkj
t�s�vyv K ��`c_^s�vc]�hie�hiz+e�okeg�kuTj=b���e^jYt4hiz+e{���1��d�e�hieg~ghijYo(hij��k`c_�s�v�]�hkeGdCu�]Yo�hi`c~gvceg�	t�o�j=_Ü� K hkz�`�]+|
]Yb�d{hkz�e(���-���:t�ok]Y_HegwLj=ok�\`c�4s���eGdrhij��k`y_^s�v�]qhie�hkz�e�d�`cmY`yhi`y¤p]�hk`cj=b\jYt�hiz�e�d�e�hieg~ghijYo"z+`yhi��]�b�d
�k`y_^s�v�h�]Yb�egj=s���v K �ks�uTeGo�@#`c_HuTj=�ke�u�`yvce @#s�u9]�h	]rvcs+_�`yb�j=�k`�h K jYt W{Â D X�Ã#Ã ~g_9½>Ä���½�¾��
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�/w�`cb�m�hkj�`�hi�{eGb+j=ok_Hj=s��r~Go�j=�k�H�keg~ghk`cj=b&µ�ß ú¨ú Äaª=ª1_^f�·�|"z�j�w�e�}=eGog|�_^s�v�hi`�@���egh{e�}=egb3hk��~G]Yb
u�o�j6d�s+~Ger~Gj=b6��m=s�ok]�hi`yj=b���w�z�`y~�z�]�oke{e��6uTeGo�`c_HeGb�h�]Yvyv K ~Gvyj=�ke��{$�j=o�e��+]Y_Hu�vce�|A`cbn]Yd+d�`yhk`cj=b�hkj
_^s�v�hi`yu�vce���eghi�g|L��`cm=b+`y��~G]Yb�hn¹º-» ~G]Yb�fText�]Y��eGd2f K _�`y��@#_Hep]��ks�o�eG_HeGb�h{jYt4��eghregb�eGo�m=`ceg��]�b�d
_^s�jYb���~p]YbrfTe	u+okj>d�s�~Gegd�`ybrz�ep]p} K ��]p}=j=o�e�}=eGb�hk�Lj=o4t�]Y��eGdH`cb{��eg}=egoi]Yv�w�] K �L�ks�~�z�]Y��u�s�b+~�z6@
hiz+okj=s�mYz*j=o�~�z�]Yokm=egd*u+`cj=b�Èq��]�j=b9d�eG~G] K �g�
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�z�erb3s�_^fTeGo�jYt"_^s�v�hi`�@���egh(eg}YeGb�hi�\e��6u�eg~ghkeGd�t�jYo^D X t�f�½�¾{µ�
M]Yf�vye ²6��D ]�b�dl$O`cm�� ²6� W ·(`y�
�kj�v�]Yo�m=e.]�h(�k_�]Yvcv�ÚÕ » µ�d�e���b�eGd1]Y�	hkz�e\hkoi]Yb+��}=egok��e^_�jY_�egb3hks�_¡jYtOj=b�e.jYtIhiz+e\h#wLj�j=o�`cm=`yb�]Yv
z�]Yo�dr�k~p]qhkhiegokegdHu�]Yo�hkj=b���·Mhkz�]�h4`�h4`c�Ou�oi]Y~�hi`y~p]Yvyv K `c_HuTj=�k��`cf�vyeLhij�mYeGb�egoi]�hke�]Yb�dr�k`y_^s�v�]qhie"�ks�~�z
]xv�]�okm=e�]Y_�jYs�b�h�jYt"eg}YeGb�hi�g�r��j=b���eG§3s�eGb�hkv K | eg}YeGb�hi��wLeGokerm=egb�eGok]�hiegdl]Yvc_Hj=��h(s�b�`�t�j=ok_Hv K `yb
b�jYh	vyeG�k��hiz�]Yb W D�ÚÕ » f�`cb���µ¨$M`cm�� ²6� W ·�]Yb�d9w�egoke�mY`y}=egb1]{w�eg`cm=z�h(eG§3s�]YvAhkj�hiz+e.ok]�hi`yjrjYtIhiz+e
b3s�_^fTeGo�jYtMeg}YeGb�hi�(e��6u�eg~ghkeGd*hkjHhkz�]�h	]Y~�his�]�vcv K m=egb�eGok]�hiegd�`cbxhkz�e�~Gj=o�okeg�kuTj=b�d�`yb�m�f+`cb��
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�/b�j�hiz�ego(u�]�o�hi`y~Gs�vc]Yokv K `y_�uTj=o�h�]Yb�h���j=s�ok~ge\j�tIf�]Y~��3m=o�j=s�b�d*`c��h ¶h	u�o�j6d+s�~ghk`cj=b�µ¨$O`ym�� ²6�� ·�|

d�s�e-hkj�`yhk�I_�j>d�eg��hiv K vc]YokmYe-~Go�j=�k�4��eG~ghk`cj=b*µ�ß á�¦ á ÄVF�¬ X u�fH]�h4vceG]Yd�`yb�m�j=o�d�eGoi·I]Yb�d{`yhk�I`cb�hkok`cb+�k`c~
_^s�v�hi`³@y��eghG|�z�`cmYz�_H`c�k��`cb�m�hkoi]Yb���}=egok�ke�egb�eGo�m K |=]Yb�d���`cm=b+`y��~G]Yb�hOvyeGu+hkj=b�`c~4��b�]Yv3��h�]qhie�b�]�his�o�eY�M�
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$O`ym=s�okeH²>� W Ð.�	s�_^fTeGok��jYt�eg}YeGb�hi�\e��6u�eg~ghkeGd�t�j=orD X t�f ½�¾ µ���z�]Yd�egd%]Yo�ep]�· | ]Yb�d�b3s�_�f�egok��jYt
eg}YeGb�hi�(u�okj>d�s�~geGd�µ�t�s�vyv�~Gs+o�}=ep·	]��(]^t�s�b+~ghi`yj=b9jYt^ÚÕ » �


M]Yf�vce^²6��D=Ð(,�eG]Yb�h�f�]Y��eGd�|�t�s�vcv K �k`c_�s�v�]�hkeGdnU��-�?_^s+vyhi`³@y��e�h(f�]Y~��3m=okj=s+b�d��i]Y_Hu�vyeG�/s+�keGdn`yb
hiz+`c�-wLj=ok���

Á y{� ¡ ~���� »jz   � » y{�   |�~ �h� ~���¼���� ½]¾a¿ ��À U� Á � ��« Ã ~���~   ���>� Â!Ã � ¹( ½�¾ �
Ä � ¬ � «FÅÆº� » Å ��´ ´�Ç¨´!Èv��« ¾ Ë ¤�¥ °�Ç¨¤!È ��« ½�¾ Ë
Ä � ¬ ¤ ��´FÅÉº� » Å ¤�« ��Ç¨´FÈ ��« r °�° ¤�Ç¨§FÈv��« ½	�
Ä � ¬ ¥ ¤�«ÊÅÉº� » Å ¥�« ±�Ç·°4È ��« � »�§ ��Ç·°4Èv��« ½ í
Ä � ¬ ° ¥�«ÊÅÉº� » Å ´�« ��Ç¨±FÈ ��« � §�¤ ´�Ç¨§FÈv��« ½ í
Ä � ¬ ´ ´�«ÊÅÉº� » Å »�« ¤�Ç}�ËÈ ��« í ��§�» §�Ç¨´FÈv��« ½	ª
Ä � ¬ ± »�«FÅÆº� » Å ��¤�« ¤�Ç¨§FÈ ��« ª °Ë§ ��Çlµ!Èv��« ½ ì
Ä � ¬ µ ��¤�«4ÅÉº� » Å �HµZ« ´�Ç®«ÊÈ ��« ì ¤�§*� ´�Ç¨»FÈv��« ½��
Ä � ¬ » �HµZ«4ÅÉº� » Å ¤�¥�« ��Ç®«ÊÈ ��« ì ¥�´�´ ¥�Ç¨´FÈv��« ½ Ã
Ä � ¬ § ¤�¥�«4ÅÉº� » Å ¥�«�« ¤�Ç·°4È ��« � ¥�»�§ ��Ç¨±FÈv��« ½>Ä
Ä � ¬ ��« ¥�«�«4ÅÉº� » Å ¥�»�« ±�Ç·°4È ��« Ã ¤�»�¥ °�Ç·°4Èv��« ½>Ä
Ä � ¬ ��� ¥�»�«4ÅÉº� » Å °<µZ« ��Ç¨§FÈ ��« Ã ��»�± §�Ç¨»FÈv��« ½>Ä
Ä � ¬ ��¤ °<µZ«4ÅÉº� » Å ±�«�« ±�Ç¨§FÈ ��« Ä ��§�« ¤�Ç¨»FÈv��« ½�¾
Ä � ¬ ��¥ ±�«�«4ÅÉº� » Å »�«�« ¤�Ç®«ÊÈ ��« Ä §Z° °�Ç¨±FÈv��« ½�¾
Ä � ¬ �?° »�«�«ÊÅÆº� » Å ��«�«�« ¥�Ç¨±FÈ ��« ¾ »�§ ¤�Ç¨´!È ��« Ë
Ä � ¬ ��´ ��«�«�«4ÅÉº� » Å �?°�«�« ��Ç}�ËÈ ��« ¾ »�§ »�Ç¨¤!È ��« Ë
Ä � ¬ ��± �?°�«�«4ÅÉº� » Å ��»�«�« ��Ç}�ËÈ ��« Ë ¥�§ ¥�Çlµ È ��« ¾
Ä � ¬ �Hµ ��»�«�«4ÅÉº� » Å ¤�¤�«�« ��Ç·°ÊÈv��« ½�¾ ¥�» ¤�Ç¨±!È ��« Ä
Ä � ¬ ��» ¤�¤�«�«4ÅÉº� » Å ¤�±�«�« ¤�Ç·°ÊÈv��« ½>Ä °�� ��Çlµ È ��« Ã
Ä � ¬ ��§ ¤�±�«�«4ÅÉº� » Å ¥�«�«�« °�Ç¨¥!Èv��« ½ Ã ´ ��Ç¨¤!È ��« Ã
Ä � ¬ ¤�« ¥�«�«�«4ÅÉº� » Å ¥�´�«�« »�Ç·°ÊÈv��« ½�� ° °�Çlµ È ��« Ã
Ä � ¬ ¤*� ¥�´�«�«4ÅÉº� » Å °�«�«�« §�Çlµ Èv��« ½ ì ° °�Ç}��È ��« �
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�z�e.u�okj>d�s�~�hi`cjYb*jYtO�k`yb�m=vce�8 ]Yb�d�¿lfTj=�kjYb��(`y��e��6uTeG~ghkeGd�hkj�fTe.u�vcegb3hk`yt�s�v�]�h�hiz�e.��'��

d�s�e�hkjHhkz�eG`yo�z�`cm=z�~gokj=���(��eG~�hi`cjYb��\µ¨$O`ym�� ²6��F ·�|+ß5Î Ä©D Ó¯W{Â D X ì u�f*]Yb�dCßWÏkÄB� Ó � Â D X � u�f
µ¨]qh�vcep]�d�`cb�m9j=o�d�eGoi·�� J eg~p]Ys���e�`�h�`c��b�eG]Yokv K `c_HuTj=�k��`cf�vye�hij9m=egb�eGok]�hie�]Yb�dn�k`y_^s�vc]�hier]YvyvOhiz+e
b�egeGd�egdQeg}=egb�hi��t�j=oHD X t�f�½�¾�|�hiz�e��k`cb+m=vce @#fTj=�kj=bleGvyeG~�hiokj�wLep]Y�ne�}=eGb�hk�Cµ¨$O`ym�� ²6�«ª ]�b�d�
M]Yf�vye
²6�� ·�w�egokexm=egb�eGok]�hiegd%s�b�`�t�j=ok_Hv K `cb WYX ÚÕ » f+`cb��g|I]Yb�dlw�egokexmY`y}=egbQ]CwLeG`ym=z�h^eg§>s�]Yv"hkj�hiz+e
oi]qhi`cjCjYt-hkz�e�b3s�_�f�ego�jYt�e�}=egb3hk�{e��6uTeG~ghkeGdQhijChiz�e�b3s�_^fTeGo�j�t�eg}YeGb�hi�{m=egb�eGok]�hiegd�t�j=o�hiz�]qh
f�`yb��

;Yeghk��]�~G~GjY_�u�]�b K �k`yb�m=vce�8 ]Yb+dP¿7u�o�j6d�s+~ghi`yj=bQd�s�e�hkj�|4t�j=o^e��+]Y_Hu�vyeY|4ÆR@#~�z�]�b�b�eGv³@#vy`c�Ye
���+�(ÈY$4�+�)d+`�]Ym=ok]Y_H�Ow�z�eGo�e(jYb�e(jYs+him=jY`cb�m�vcegm�`c�Ihiegz�8&È=¿C]Yb�drhiz�e	jYhkz�eGo�vcegm�`c�"].ok]Yd�`c]�hiegd
m=vys�j=b��	�/�/hkz�e{�O��
�'	�#�?u�]Yo�hij=b��kz�j�wLeGo�_Hj6d�egvAt�j=o/`yb�`yhk`�]Yv�Èq��b�]Yv���hi]�hie^ok]Yd�`c]�hi`yj=b*`y�(jYb�v K
okeG]Yvc`y��hk`c~-`ybHhkz�e(~gj=vcvy`cb�eG]YoI]�u�u�okjp�6`c_�]�hk`cj=b�|�hiz�e	eg��eG~�h�jYt�z�`cmYz º-» ��e�hi��t�okj=_Ho4���+�(ÈY$4�+�)~G]Yb
fTe.��`cm=b+`y��~G]Yb�hiv K s�b�d+eGokeg��hk`c_�]�hiegdCt�j=o-hkz�`c�-h K uTe\j�tOf�]�~��>mYokj=s�b+d��
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$O`ym=s�okeH²>�¯ª6Ð.�	s�_^fTeGok��jYt�eg}YeGb�hi�\e��6u�eg~ghkeGd�t�j=orD X t�f ½�¾ µ���z�]Yd�egd%]Yo�ep]�· | ]Yb�d�b3s�_�f�egok��jYt
eg}YeGb�hi�(u�okj>d�s�~geGd�µ�t�s�vyv�~Gs+o�}=ep·	]��(]^t�s�b+~ghi`yj=b9jYt^ÚÕ » �
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M]Yf�vcex²6��+ÐH,�eG]Yb�h^f�]��keGd�|It�s�vcv K �k`y_^s�v�]qhieGd��4vceG~�hio�j�@R8�ep]Y�nf�]�~��>mYokj=s�b+dQ�i]Y_Hu�vceg��s���eGdQ`yb
hiz+`c�-wLj=ok���

Á y�� ¡ ~��{� »jz   � » y{�   |�~ �h� ~���¼���� ½>¾a¿ ��À U� Á � ��« Ã ~���~   ���>� ÂFÃ � ¹� ½�¾ �
Ù ¿ º�~���� � «FÅ � » �cÚ ��Å °�« ��Ç}�ËÈ ��« ì ¥�±�´ ¥�Ç¨¥ÊÈ ��«�Û>Ü
Ù ¿ º�~���� ¤ ��«FÅ �>Ý �cÚ ��Å ��«�« ¤�Çlµ!È ��« � ´*��¥ ��Ç¨§ÊÈ ��« Û>Þ
Ù ¿ º�~���� ¥ ¤�´!Å � Ý �cÚ ��Å �HµZ« ��Ç®«ÊÈ ��« � µ�´�§ µ�Ç¨´ÊÈ ��« Û>Þ
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<ûDâ���ârê;ô ä µHåÃê�ö5ô	ûCá�ç¥)mâwõvârâ;å¦çHè¸è�� ä â��N�lóQá¸â¹ôfãfç1å�û�)Hârã	û(â�ârå¸â;ã���ð½µ�÷ôfá>â�ôDá¸ãDâ;âj�¶âBç� ä å���ú(â.ô@ûbçHå��éôfá>â ä ãQâ.ô$çä� ä û(ôfã ä õ�ö�ô ä µHå�ûQçHã(âÊû(á¸µ9%�åN� ¹ å~ç���Zè���µHô@û�	>ôfá>âFå]ö¸æýõ]â;ã
µ�÷]â�)Hârådô@ûUçHãDâ���ö>æ ä å¸µ-û ä ôCðýû(êBç���â���ôfµ�Ò�õ!÷cõ]ö » � ¸ è ä þ1â�û^µ-õ�ûDâ;ã�)Hâ��u÷6µmãLôDá¸â�õ�çHêÿþ>�mã(µ-ö¸å���û ä å�ôfá>âçHå���ö��oçHãlè��¶µHô	û�çHã(âä��ö¸âôfµéá ä �má��ZðW%tâ ä �Há"ôDâ��Ôâ�)Hârådô@û�	ÖçHå��Ôå>µHô�ôfµÁçHå�ð&è�ç1ã(ô ä ê�ö��¶çHãlè>á]ð>û ä êBç�÷6âBç?ô@ö¸ã(â��
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v$u;x��F÷L�ø��¢�u;{�ù Ñ� · �
X ä �-ö¸ãDâ c �-,�^ ³ á�ð>û ä ê�û � ä û(ôDã ä õ�ö>ô ä µmå�û ö�û(â�� ÷6µmãW� ä ûDêrã ä æ ä å�ç?ô ä å�� û ä �må�ç��!÷6ãDµHæ õ�çHêÿþ>�mãDµ�ö¸å��
ûDá>µ;% ä å���ôDá¸â ¸ ôfçHå���ç1ã��CÄ½µ��¸â�� ! ûDá�ç��>â��cçHã(âBç�#^çHå��iôfá¸âaæ ¸ Àmo�´ ² Á�ÄÔÒ ! û(µV� ä �uõ��¶çHêÿþä� ä å¸â9#ç�÷øôDârãÖôDá¸â:ôfã ä �V�mâ;ãLçHå��è¸ãDâS
CûDâ��¶â;ê;ô ä µmåê�ö�ô@û`á�ç¥)mâxõvârâ;åiçHè¸è�� ä â��L�nóQá¸â�ê;µ-û ä å¸â:µ�÷ûôfá>â*� ä Ø]ârã(ârå¸ê;â
ä å¦çÎ ä æýö>ôfá�ç�ÖçHå��V�¶â4õ]â.ô®%Uâ;âråÂôDá¸âìô®%tµW��âBç�� ä å��!ú(â;ô@û�	Zôfá¸âÔÃ�Q· )mâ;ê;ôDµmãFçHå��Ãôfá>âä�¶âBç� ä å��Fú(â;ô¥	çHå��AÃ�:·É)Hârê.ôfµmãQç1å��eôfá¸â�ûDârê;µmå��C�¶ârç�� ä å���ú(â.ôQçHã(â ûDá¸µ9%�åN�\óQá¸âCÃ�:·~µ�÷Wôfá¸âCâ()mâ;å"ô�	¸ôfãDçHå�û�)Hârã�ûDâæiµmægâ;ådô@ö¸æüµ�÷Öôfá¸â���âBç�� ä å��iæ9ö¸µmåL	JçHå��~ôfá¸â¹êrµ-û ä å¸â¹µ�÷LôDá¸âø� ä ØJâ;ãDâ;å¸êrâ ä åÃçÎ ä æýö>ôfá�ç�nç1å��V�¶â
õvâ;ô®%târâråÃôDá¸â Ã�:· )Hârê;ôDµmãCç1å��½ôDá¸â�æ9ö>µmåÃçHã(â�ç��ûDµ]� ä ûDè��¶çrðHâ��N��óQá¸â�� ä û ôfã ä õ�ö>ô ä µmå ÷6µmãbêrµ�û ä å>âµ�÷WôDá¸â3� ä ØJâ;ãDârå>êrâ ä å�ç�Î�ö>æ�ç1ôDá�ç��]çHå��V��â�õvâ;ô®%târâ;åÁôDá¸â3�¶ârç�� ä å���æ9ö>µmåcçHå��AÃ�:· ä ûUµmå��ZðïûDá¸µ9%�å
÷6µmã�ã(â�÷6ârã(ârå¸ê;âeçHå�� ä û�å¸µHôFö�û(â�� ä å&ôfá ä ûj%tµmã�þ ! û ä å¸ê;â ä ô ä û�å¸µ1ô�%tâ����`ægµ��¸â��¶â�� ä å¦ôDá¸â ° Ä ¸
÷hç�û ô�û ä æ9ö��¶ç1ô ä µmåf#S� ¹ åÃç���Wè���µHô@û�	ûôDá¸â�å]ö¸æýõ]â;ãaµ�÷Lâ�)mâ;ådô@û�çHã(â��Zö¸æ ä å¸µ-û ä ôCð¥û(êBç���â��Áôfµ~ÒBõ ÷cõ ö »S�
¸ è ä þHâ�ûaµ-õ5ûDârã�)mâ�� ÷6µmãQôfá¸âFõ�çHêÿþ>�mã(µ-ö¸å��5û ä åéôfá>â�çHå��-ö��oç1ãQè��¶µHô	ûbçHãDâj��ö¸â�ôfµiá ä �má��Zð�%Uâ ä �mádôDâ��â�)Hârådô@û�	Jç1å��½å>µHôQôfµiçHå�ðéè�çHã ô ä ê�ö��¶çHãUè¸á�ð>û ä êBç���÷6ârç1ô@ö¸ã(â��



ÒmÒ¥µ
û(ôfç1ô ä û(ô ä êBç�Gö>å¸êrâ;ã(ô$ç ä ådôCð�µHå�ôfá¸âaôfµHôfç��Wõ�çHêÿþ>�mãDµ�ö¸å��cýä%�á ä ��âaôDá¸âmæ]ö�ç��>ãfç1ô ä êaôDârã(æïûtãDârè>ãDâ�û(ârådô
ôfá>âïû�æ>ö¸çHãDâgµ�÷:ârçHê$á û�ð>û ôfârægç1ô ä ê ö¸å¸êrâ;ã(ôfç ä ådôCðV	t%�á ä ê$áþçHãDâgç�û�û	ö¸æiâ��þôDµtõvâ õ]µHôDáPo�ç�ö�û�û ä çHå
çHå�� ä å��¸ârèvârå��>ârådôbµ�÷LârçHê$á½µ1ôfá¸â;ã��



°*±�²3³ ó�qk´ÿÒBõ
¸>·�¸ ó�q�Ä ² ó ¹�° À ¿3° qk´Öó ²m¹�¿ ó ¹ q ¸

² ûÊû�ð>û(ôDârægç1ô ä êgâ(ØJâ;ê;ô	ûìçHã(âgâSR>è�� ä ê ä ô��Zð ä å¸ê���ö��¸â�� ä å¦ôDá¸â ûDâBç1ãDê$á ÷6µmãFçHå Ï(µmè>ô ä ægç���Ð�ê�ö>ô�

ûDâ.ô¥	"ôfá¸âbôfã(âBç1ôDægâ;å"ô^µ�÷PûDµmæiâ�ûað>û(ôfâ;æ�ç?ô ä êËö¸å¸ê;ârã ô$ç ä å"ô ä â�û õvâ�÷6µmã(â��¸â�û(êrã ä õ ä å��¹ôfá>â�T�å¸ç��ûê�ö>ô�
CûDâ.ô
ö�û(â��~ôDµuûDâ;è�çHãDç1ôfâÊû ä �må�ç��P÷6ã(µmæ õ�çHêÿþ>�mã(µ-ö¸å��&ç1ãDâ�� ä û(ê�ö�û�ûDâ��L� ² ûlç1å~â(R>çHæiè���â�	�ôfá¸â��¶â;÷øôbè��¶µHô
µ�÷ X ä �-ö¸ãDâ Ò�õ��ÓÒ ûDá¸µ9%�ûiá¸µ9% ûað&û ôfâ;æ�ç1ô ä ê ö¸å>êrârã ô$ç ä ådô ä â�ûêBçHå�ê$á�ç1å��mâ�% ä ôDáëãDâ�û(è]â;ê;ôiôfµ�	à÷6µHã
â(R>çHæiè���â�	�çê�ö�ôaµHå�Ã�:·\� ¹ åÁè�çHã ô ä ê�ö��¶çHã�	�µmå¸âFûDâ;â�û�ôfá�ç?ôQôfá¸â;ãDâ ä û�çä�oç1ã��mâ!ö¸å>êrârã ô$ç ä ådôCð ä åcôfá>â
ôfµ1ô$ç���å]ö¸æ9õvârãLµ�÷vâ()mârådô	ûk%�á ä ê$áè�ç�û�ûp�¶µ9%¶Ã�Q·gê�ö�ôl)1ç���ö¸â�û��LóQá ä ûÖêrçHåwõvâ*��ö¸â	-÷6µmãLâ(R>çHæiè���â�	1ôDµ
â�)Hârådô@û�%�á ä ê$áÁêBç1ãDã�ðcç]�Zö¸æ ä å¸µ-û ä ôCð]%Uâ ä �mádô ä å���µ�÷næ9ö¸ê$áW�mãDârç1ôfâ;ã�ôDá�çHåÁµmå¸âÒûç�û�µmå¸â�ô ä �mádôfârå5û
ôfá>âìê�ö>ôlµmå Ã�Q·¦ôDµeá ä �Há¸ârã�)Hç��ö¸â�û�	ûôfá¸â9ûað>û(ôfâ;æ�ç?ô ä êýö¸å¸êrâ;ã(ôfç ä ådôCð ! �¸â(T�å¸â�� ä å~ôfá>âý÷6µV����µ9% ä å��
ûDâ;ê;ô ä µmå�û$#lµmå&ôfá¸âôDµHô$ç��nå]ö¸æ9õvârã�µ�÷ õ�çHêÿþ>�mã(µ-ö¸å��Ôâ�)Hârådô@û��¸ârê;ãDârç�ûDâ�û ! Ò;#�õ]â;êBç�ö5ûDâôfá¸â;ãDâiçHã(â
û ä ægè��Zð ÷6â�%târãlâ�)mâ;ådô@û�ãDâ;æ�ç ä å ä å���	Wõ�ö>ôCç���û(µ ! òV#xõvârêBç�ö�ûDââ()mârådô	û3%�á ä ê$á&ê;µmådôfã ä õ�ö>ôDâìçí�¶çHã��mâ
ö¸å¸ê;ârã ô$ç ä å"ôCð ç1ãDâcãDâ;ægµ9)Hâ��N��óQá¸âW�¶â;÷øôè��¶µ1ôÓ�¸âræiµmå�û ôfãfç?ôfâ�ûôDá�ç1ôôfá>âÁâ(ØJâ;ê;ôgµ�÷�û�ð>û(ôDârægç1ô ä ê
ö¸å¸ê;ârã ô$ç ä å"ô ä â�û¹å¸µ1ô�µmå��Zð ��µ;%târã�û¹ôDá¸âgµ9)Hârãfç���(û ä �må ä T¸êBçHå¸ê;â ! ûDµmæiâ;ô ä æiâ�û��¸ãDçHægç1ô ä êBç����Zð�#(	�õ�ö�ô
ç��ZûDµ ûDá ä ÷øô@û:ôDá¸â�)Hç��ö¸â�µ�÷Eôfá>âFµHè>ô ä æ�ç��]ê�ö>ôbê$á¸µ ä êrâ�ôDµiã(â�� ä µmå�û*%�á ä ê$á~ç1ãDâFõ]â.ôDôDârã�êrµmådôDãDµV���¶â��L�

Æ � .5Æ � B��PB�7¥4����	��:'ÈtG/7]:�
�NB��ÔÈt25=�794��Í@�=�79=
[Uârêrç�ö�û(âaôfá>â�� ä Ø]ârãDâ;ådô*ÄÁµmådôfâ ° çHã���µÊû ä æ9ö��oç1ôDâ�� ûfçHæiè���â�û(ö�ûDâ�� ä å�ôDá ä û*û ô@ö��&ð]%târã(âaârçHê$á

è¸ã(µ���ö>êrâ��I% ä ôDáI� ä Ø]ârãDâ;ådô ä ådôfâ��Hãfç1ôDâ��I��ö¸æ ä å¸µ�û ä ô ä â�û�	Qôfá¸âÔçHê;êrâ;è>ô$çHå>êrâÔµ�÷ìârçHê$áLûDçHæiè��¶â ä û
�¸â.ôfârã(æ ä å¸â��Áç�÷øôDârãQârçHê$átûDçHæiè��¶â�á�ç�ûxõ]â;ârå0ûDêBç�¶â��éôfµiçHåéâ�æ>ö ä )1ç��¶â;ådô ä ådôfâ��mãfç1ôDâ��C��ö>æ ä å¸µ-û ä ôCð
µ�÷�Ò�õu÷cõ ö »S��óQá¸âä��ö¸æ ä å>µ-û ä ôCð�%Uâ ä �mádôfâ��&å]ö¸æ9õvârã�µ�÷\â()mârådô	û ! ÷6µmãCç � ä )mâ;å ��ç1ô$ç�ûDâ;ôg#aè�ç�û�û ä å��
âBç1ê$á½ê�ö>ô ä û�� ä )Hârå õ�ð

Ú�� ��������� ö »
� !������ # Ú��! #"$" �&% Ú'�! #"$" � ! Ò�õ���Ò;#
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X ä ��L¸ãDâ�Ò�õ���ÒV^*ÁkâNMøô ³ �¶µ1ô¥^ ¸ ð�O ôfâ;æ�ç1ô ä ê�L¸å¸ê;ârã(ôfç ä ådô ä âPO ! ä å½ôfµ1ô$ç��WåIL¸æRQvârãaµSM`â()mârådôTO�è�çSOTO ä åVU�#)mâ;ãTOWLVO¼Ã�Q·þêPL>ô�^YX(â;ô�â;å¸ârãWU�ðZO(êBç���â ! ODµ�� ä � � ä å¸â¥#(	�X(â;ô�ârå>ârãTU�ð&ãDâ[ODµV�\L>ô ä µmå ! �¸çSODá¸â��e� ä å¸â¥#(	Wç1å��
T�å ä ôfâ]O ä æRL��oç1ôDâ���â()mârådôTO ! �¸µHôDôDâ���� ä å¸â¥#(� ¿ µ&µHôDá¸ârã�êPL>ôTOá�ç¥)mâ^Q]â;ârå çHè¸è�� ä â��N	`â(R�ê;ârè>ô�ôfá>â
êPL�ôQµmåWÄ¼q`ó��å´ ä Umádô ³ ��µHô¥^ ¸ ä Umå ä T�êrçHå¸êrâlç�Møôfâ;ã ä å>ê��_L�� ä åVU�� ä Ø]ârã(ârådô`Oað�O ôfâ;æ�ç1ô ä êCâ(ØJâ;ê;ôTO*)mârã�
OTLaOÔÃ�:· êPL>ôçHå���ç�MøôDârã�è>ãDâ(
bODâ��¶ârê.ô ä µmå�êPL�ôcO�^ ¿ µdOað�O ôfâ;æ�ç1ô ä êeL¸å¸êrâ;ã(ôfç ä ådô ä âPO ! �¸µHô(ôfâ���� ä å¸â¥#(	O�ð�O ôfârægç1ô ä ê]L¸å>êrârã ô$ç ä ådôCðP�VL¸âgôfµZLVO ä åVU T¸å ä ôDâ@O ä æRL��¶ç1ôfâ���â�)HârådôcO ! �¸çSODá¸â��A� ä å>â9#(	ÖçHå��fOað�O�
ôfâ;æ�ç?ô ä êgL¸å¸êrâ;ã(ôfç ä ådô ä âPO��VL¸â�ôfµgX(â.ôaâ;å¸ârãWU�ð^ODêrç��¶â�ç1å��½ã(âPO(µV�_L>ô ä µmå ! ODµV� ä ��� ä å¸â9#S� ¿ µ1ôaµHå��Zðí�¸µO�ð�O ôfârægç1ô ä êlâ(ØJâ;ê;ôTOº�¶µ9%Uâ;ãtôDá¸âO ä Umå ä T�êBçHå>êrâ�	�ôfá¸â;ðeç�_ODµhODá ä MøôUôDá¸âCµmè>ô ä ægç���êPL�ôQê$á¸µ ä êrâgM6µmãøÃ�:·
ôfµ�á ä Umá¸â;ã*)Hç�_L¸â[O��
%�á¸â;ãDâ Ú��! #"$":ä OUôfá¸âgL¸å�%Uâ ä Umádôfâ��½åIL¸æiQ]â;ã:µSMkâ�)HârådôcO�è�ç�OTO ä åVUâBç1ê$áÁê[L>ô�çSOWOTL¸æ ä åaU�ôfá¸â��\L¸æ ä 

å¸µ�O ä ôCð&µ�MtôDá¸âjUmârå¸â;ãfç1ôDâ��KOfçHæiè��¶â	k� !������ #S	nç1å��K% ä OCôfá¸â�â()mârådô�%Uâ ä Umádô¥� X µmã�á ä Umá&êrã(µ�OTO�

ODâ;ê;ô ä µmå è¸ãDµ�êrâ[OTODâ[O�	 ä ô ä OÓ� ä èiêPL���ô ! O(µmæiâ;ô ä ægâ[O ä æiè]µ�OWO ä Q��¶â¥#FôfµlUmârå>ârãfç?ôfâ~â;å¸µ�LVUHá â�)HârådôcO��
± â;å¸êrâ	�ODçHæiè��¶â[OmUmârå¸â;ãfç1ôDâ��]% ä ôfáiç3T�å ä ôfâ�åIL¸æRQvârã\µSM]â�)HârådôcO�	>æRL¸ê$á]�¶â[OTO`ôfá¸çHåiôDá¸âbçSOTOWL¸æiâ��
Ò�õeMnQ ö » 	L��âBç��~ôDµeá ä Umá��Zð�%tâ ä Umádôfâ��&â�)mâ;ådô'OfçHæiè��¶â[OCçHå��Ãá¸ârå>êrâä�oç1ãTUmâ�L¸å¸ê;ârã(ôfç ä ådô ä âPOaµmåÃôfá>â
è¸ã(â�� ä ê;ôfâ��oQ¸çHêqpIUmãDµ�L>å��¼��â�)mâ��

ß Ú�� � r Ú'�
r Ú'�! #"$"

ß Ú��! #"$" �&% Þ Ú��! #"$" � Ú��s Ú'�! #"$"
ô ! Ò�õ��[òV#

² O�ç1åcâ(R>çHæiè��¶â	 X ä U�L¸ãDâ +��[ò O(á¸µ9%tOQôfá�ç1ô�	�%�á ä �¶âlôDá¸â�® ° M¼æRL���ô ä 
;X(â;ô^êrã(µ�OTOtODâ;ê;ô ä µmåcãDçHè ä ���Zð
Mhç����_ObçSOCçuMnL¸å¸ê;ô ä µmå½µSM �ì>·t	vôfá¸âhO ä æRL��oç?ôfâ��~® ° M æRL��Óô ä 
;X(â;ô���ç?ô$çSO(â;ôcOgLVODâ�� ä å½ôDá ä OlçHå�ç���ð�O ä O
%târãDâ	UHârå¸â;ãfç1ôDâ���çHè¸è>ãDµ¥R ä ægç1ôfâ��Zð&}ûç1ô ä å �ì�·t� ¹ å��¸â;â��N	\µmå>âeê���âBçHã��ZðvODâ;âPOìôDá¸âeá¸µmèvâ���âPOWODå¸â[OTO
µSM^ç1ô(ôfâ;ægè>ô ä åVUiôfµgæ�ç1ôDê$áÃôfá¸â¹ãDâ�æ�L ä ãDâ��ëÒ�õeMnQ ö »º�_L¸æ ä å¸µSO ä ôCð^Q�ðoUmârå>ârãfç?ô ä åaU�ârå>µ�LVUmáÔ® ° M
æRL��Óô ä 
\X(â;ôaâ�)HârådôcO¹ç1ô���µ9% �ì�·t�¹óQá¸âjL¸å>êrârã ô$ç ä ådôCð ä å&è>ãDâ�� ä ê;ô ä åVUgôfá¸âi® ° MÿæRL���ô ä 
;X(â;ôaâ�)mâ;ådôcO



Ò)ò�Ò
Q�çHêqpIUmã(µ�L¸å��]�VL¸â:ôDµCôfá¸â*T¸å ä ôDâQçHæiµ�L¸ådôLµSM�Umâ;å¸ârãDç1ôfâ��gâ()mâ;å"ôTOmM6µmãLâBç1ê$áe® ° M"� ä 
;X(â;ôTOl��ç1ôfçSODâ.ô
ä Oaêrµmã(ãDâ[ODèvµmå�� ä åVUV�ZðW�¶çHãTUmâ'M6µmãbâ�)HârådôcO�% ä ôDá �¶µ9% �ì>·Ô)1ç��\L¸âPO��3[ ð ä å>ê��_L�� ä åVU ß Ú'�Ôä å~ôDá¸âìµ�Q�

X(ârê.ô ä )mâiMnL¸å>ê;ô ä µmåN	ûôfá¸âhODârçHãDê$áZM6µmãlçHåÃµmè�ô ä ægç��Wê[L>ô�
bODâ;ô�% ä ���kôDáILVO�ç¥)mµ ä �ÃãDâ[U ä µHåVOaê;µmådô$ç ä å ä åaU
â�)HârådôcOwQvâ���µmåVU ä åVUcôfµ Ä½µmådôfâ ° çHã���µoODçHægè��¶âPOFè¸ã(µ��VL>êrâ��e% ä ôfá )mâ;ã�ðe�¶µ9% �_L>æ ä å¸µ�O ä ôCðV� ¹ ô ä O
ä æièvµmã(ôfçHådô�ôfµëå>µHôfâÃôDá�ç1ôéægçHå�ð¿µSM�ôfá>â ¸ ô$çHå���çHã��OÄ½µ��¸â��xQ�çHêqpIUmãDµSL¸å��VO�	OTL¸ê$á¢çSOÁ® ° M
æRL��Óô ä 
\X(â;ôFç1å��þâ��¶ârê.ôfã(µ
&%tâBçSp¦è¸ã(µ�ê;âPOWODâPO�	l% ä ���mQ]âiægârçSOTL>ãDâ���ç1ô¹ôDá¸â Á ±m° 	nç1å���á¸â;å¸êrâiôfá ä O
O�ð�O ôfârægç1ô ä êL¸å>êrârã ô$ç ä ådôCð�ã(ârè¸ã(âPODâ;ådôcO�µ�L¸ãtêPL¸ã(ãDârådô ä Umå¸µmãDçHå¸êrâ�%�á ä ê$á ä OUâSR>èvârê.ôfâ��éôDµRQvâCæ ä ô�

ä Umç1ôfâ��yO(µmæiâ�%�á�ç1ôtQ�ðcôDá¸â�ô ä æiâìÒ�õRMnQ ö »UµSM���ç1ôfç ä OQêrµV���¶â;ê;ôfâ��N�

Æ � .�õ J/4>7]1�GU4>8)�û�z�N6V=å2�4
óQá ä O�çHå�ç���ð�O ä O�LVO(âPO�ôDá¸âgôDãfçHåVO�)mâ;ãTODâ�ârå¸â;ãTU�ðÂµSM:ôDá¸âiôDá¸ãDâ;â �¶ârç�� ä åVUwX(â.ôcO�çSO�%tâ����Uç�O¹ôfá>â

æ ä OTO ä åVUéôfãDçHåVO�)mârãWODâeâ;å¸ârãWU�ðÔµSM:ôDá¸â�â()mârådô�ç�O�)1çHã ä çSQ���âPO�%�á ä ê$áP� ä O(êrã ä æ ä å�ç1ôDâwQ]â.ô®%Uâ;âråëôfá>â
æ ¸ À3oj´ ² O ä Umå�ç��]çHå��eôDá¸â ¸ ô$ç1å���çHã��WÄ½µ��>â��{Q¸çHêqpIUmãDµ�L>å��N��[UârêrçSLVODâCôDá¸âCåIL¸æRQvârãQµ�MkQ�çHêqpV

Umã(µ�L¸å�� â�)HârådôcOeè¸çSOTO ä åVUÔôfá¸â�Ã�Q·¿êPL>ôuMhç����\ORO(ôDârâ;è��Zð�	�%�á ä ��âcôfá¸âÁåIL¸æRQvârãiµSMO ä Umå�ç�Qâ�)mâ;ådôcO
è�çSOWO ä åVU ä OC}ûç1ô(ôfârã�µ9)mâ;ã�çC�oç1ãTUmâìãDçHåVUmâ�µSM�Ã�Q·�êPL>ôTO�	Eâ�)mâ;å|ODægç����}L¸å¸ê;ârã ô$ç ä å"ô ä â[O ä å&ôfá¸âgX(â;ôTO
çHå��OÃ�Q·fODêBç�¶âêBç1å��¶ârç��&ôfµW�oçHãWUmâRL¸å>êrârã ô$ç ä ådô ä â[O ä å¦ôfá¸âjQ�çHêqpIUmã(µ�L¸å��þçHêrê;ârè>ôfçHå¸ê;â�çHå��Âôfá>â
êrµHãDãDâ[ODèvµmå�� ä åVUeâ[O(ô ä æ�ç?ôfâ��yO ä Umå ä T�êBçHå>êrâhM6µHãaèvµ�OTO ä Q���â�� ä ODê;µ9)mârãaðV�m´bâNM6ârãDâ;å¸êrâ�é Y�i ênâ[O(ô ä ægç1ôfâ[O
ôfá¸ç1ô~Q�ð½Ò�õ�MnQ ö »^µ�M ä ådôfâ[Umãfç?ôfâ��í�_L¸æ ä å¸µSO ä ôCð�	dôfá¸â ° Ä ¸ X(â;ôUârå¸â;ãTU�ðeODêrç��¶â ! ½Vq ¸ #k% ä ����Q]âaêBç�� ä 

Q¸ãDç1ôfâ���ôfµ�% ä ôfá ä å , î ) ä ç�çh� æ�çSOWOUê;µmåVO(ôDãfç ä ådô ä åuODâ;æ ä 
®��ârè>ôDµmå ä ê`�G��\â()mârådôTO�� ² êrê;µmã�� ä åVUV��ðV	
çwODêrç�� ä åVUìµSMÖç����vãDâ;êrµmåaO(ôfãWL¸ê;ôDâ��wX(â;ô��:·��3ObçHå��côDá¸âCÃ�:·dQ�ð , î ! çSOTOWL¸æ ä åVUcÒ�õmõ î êrµHãDãDâ��oç1ô ä µmå
Qvâ;ô®%târâråcôDá¸âCãDâ;êrµmåaO(ôfãWL¸ê;ôDâ��iX(â;ôº�Q·���OQçHå��gôfá¸âCã(ârê;µmåVO(ôDãTL¸ê.ôfâ���Ã�:·Ãç�O~OTL¸è>è]µmã ôfâ��	Q]ð X ä U�L¸ãDâ
Ò�õ��Mò # ä O�çHè¸è�� ä â��L�

óQá¸â�åIL¸æRQvârã\µSMvâ�)HârådôcOk%�á ä ê$áiè�çSOWO`ôfá¸â`Oað�O ôfâ;æ�ç1ô ä êrç�����ðìç��Óôfâ;ãDâ��êrçSODâ ä O`êrµmæiè�çHã(â���% ä ôDá
ôfá>âbåIL¸æiQ]â;ã^µ�MJâ()mârådôTO %�á ä ê$ágè¸çSOTO\ôfá¸â`L>å�ç���ôDârã(â��iêBçSO(âaç1å��iôDá¸âQêrµHãDãDâ[ODèvµmå�� ä åVU�O�ð�O(ôDârægç1ô ä ê
L¸å¸ê;ârã ô$ç ä å"ôCð�	N�VL¸â¹ôfµ'X(â.ô�ârå>ârãTU�ð�O(êBç���â�	 ä OaôDá¸ârå~ôfçSpHâ;åÔçSOaôDá¸â�� ä ØJâ;ãDârå>êrâiQvâ;ô®%târâ;åÔôDá¸â¹ô®%tµ
êBç�ODâPO�^

ß Úy�b� ÜT�V�!�Ý � Úy�b� ÜW�V�!�Ý � Ú Ý ô ! Ò�õ��Z,�#
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 / ndf 2χ  157.6 / 93
Constant  2.07± 68.22 
Mean      1.10±  7.53 
Sigma     1.06± 49.52 

X ä U�L¸ãDâcÒBõ��[ò�^�M ä O(ôDã ä QaL>ô ä µmåZODá>µ;% ä åVU½ôDá¸âj� ä Ø]ârã(ârå¸ê;âeQvâ;ô®%târâ;å�æ ä OTO ä åVUcôDãfçHåVO�)mâ;ãTODâgârå¸â;ãTU�ðçHåV�cè>ãDµ�X(â;ê;ôfâ[�^OTL¸æ|µSMaX(â;ôUôfãfç1åVO�)HârãTO(â�ârå¸â;ãTU ä âPO~LVO ä åVU�Á�ÄÔÒx��ç1ô$ç�� ¹ MWôfá¸â�Ã�:· ä OUµmåéç¥)Hârãfç�Umâ
è¸ã ä ægçHã ä\� ð��¸â;ôDârã(æ ä å¸âP��Q]ð ôDá¸â�½Hâ;ôÁôfãfç1åVO�)HârãTO(â�ârå>ârãTU�ð")Hç � L¸â[OP�Côfá>ârå�µHå¸âÂâSR�è]â;ê;ôcOÁôfá�ç?ôôfá>âÓ)Hârê.ôfµmã�OTL¸æ µ�MtôDá¸â�Ã�:·P% ä ôfáÔç �_� µHôfá¸â;ã�½Hâ;ô�ôfãDçHåVO�)HârãWODâ�â;å¸ârãWU�ð )1ç � L>âPO'ODá¸µSL � �lQ]â��kµmå
ç¥)mâ;ãfçSUmâ���Qvâcê � µ�ODâeôDµ Î;ârã(µV��óQá¸â�T�U�L>ãDâ ä Oìê;ârådôfâ;ãDâ[�¿çHã(µ�L¸åV��+Ôo�â(ï çHåV���¸â;ægµmåaO(ôfãDç1ôfâ[Oôfá¸ç1ô��\µmå ç¥)mâ;ãfçSUmâ��^ôDá¸âAÃ�:·�ODêBç � â	�¸µmæ ä å¸ç1ôfâ[�fQ]ðÂôfá¸âÉ½Hâ.ôôfãfç1åVO�)HârãTO(â½â;å¸ârãWU�ðfO(êBç � âS� X µmãá ä UmáÔ½Hâ;ô�ôDãfçHåaO�)mâ;ãTO(âiâ;å¸ârãWU ä â[O�çHåV�¦á ä UmáÔÄ¼q`óx�Wç�OTOTL>æ ä åVUÃÒ�õmõ î ê;µmãDã(â � ç?ô ä µHå ä å½ôfá¸âwO(êBç � âL¸å¸ê;ârã ô$ç ä å"ô ä â[Oaç � ODµRM6µ �_� µ9%tO:ôDá¸â ° Ä ¸ ã(ârê;µmægæiâråa��ç1ô ä µmå��

Æ � .�� JL4�7]1�Gt4>8)�����í4�F�:/25ÈQ7;B5:'G
¸ ä æ ä_� çHã\ôfµôfá¸â�X(â.ô�ârå¸â;ãTU�ð^O(êBç � âS�VL¸å>êrârã ô$ç ä ådô ä â[O ä åeôfá>â~X(â.ô�ârå¸â;ãTU�ðéã(âPO(µ � L>ô ä µmåcêrçHå � âBç��

ôfµwOað�O(ôfâ;æ�ç?ô ä êxL>å¸êrâ;ã(ô$ç ä ådô ä âPO ä åeôDá¸â�âPO ô ä æ�ç1ôDâP�	O ä Umå ä T�êBç1å¸êrâM6µmãUè]µ�OWO ä Q � â� ä ODê;µ9)mârãað���� ä ôDá
Ò�õeMnQ ö »lµ�M ä ådôfâ[Umãfç1ôDâP� � L¸æ ä å¸µ�O ä ôCð���ôDá¸âìãDâ[ODµ � L>ô ä µmåÃµSM ° Ä ¸ X(â.ô�ârå>ârãTU ä âPO�ç1ãDâìâSR>èvârê.ôfâ[�¦ôDµ
Qvâep"å¸µ9%�åþôDµÉ% ä ôDá ä å Ò�õ î ) ä çy� ä�� X(â.ôhQ¸ç � çHå>ê ä åaUV� ² êrêrµHãT� ä åVU � ðS�ÖçÉo�çSLVOTO ä çHåKODæiâBçHã ä åVU ä O
çHè¸è �¶ä â[�~ôfµéç �_� ãDârê;µmåVO ôfãTL>ê;ôfâ[�	X(â.ôCôfãDçHåVO�)mârãWODâ�ârå>ârãTU ä âPO[�kçHêrê;µmãT� ä åVU�ôDµeôfá¸âwQvâ � µ9%�M6µHãDæRL � ça�
óQá¸âÉÃ�:· ä ObçSOWOTL¸æiâP�ÁôfµuQ]âiÒ�õmõ î êrµmã(ãDâ � ç1ôDâP�C% ä ôfáéôfá>â~X(â.ôcO[�]ç1åV��O(µiôDá¸âf�Ã� · ô®%Uµ � )mâ;ê;ôfµHã ä O
êrµHãDãDâ[ODèvµmåV� ä åVU � ðeæiµ�� ä T�âP�{�>â�)Hârådô � Q�ð � â�)Hârådô��Wç1êrêrµHãT� ä åVUôfµôfá¸â'O(ægârçHãDâ[�wX(â.ôaâ;å¸ârãWU�ð��

� �$�b  �· ¡ � �$�b  �· ¢ õ ô Ò ��£S¤�¥I¥�¦�£S� éPÒ � õêe_�§�¨ �$�b  �· © § Ò�õ��-i ©
�Ã¨ · ¡ �Ã¨ · ��ª � � �¨ �$�b  �· § Ò�õ�� â ©



Ò)ò,
óQá¸âCåIL¸æiQ]â;ãUµSMkâ()mârådôTO~«�á ä ê$áeè¸çSOTO ä ågôDá¸âgOað�O ôfâ;æ�ç1ô ä êrç �_� ðiç � ôDârãDâ[��êrçSODâ ä OUê;µmægè¸çHãDâ[�e« ä ôDá
ôfá>â:åIL¸æRQvârã`µSMûâ()mârådôTO¬«�á ä ê$áè�çSOWO ä å�ôDá¸â`L¸å�ç � ôfâ;ãDâP�êrçSODâ:çHåV�ìôfá>â`O�ð�O(ôDârægç1ô ä ê~L¸å¸ê;ârã(ôfç ä ådôCðS�
�VL¸â�ôDµX(â.ôbârå¸â;ãTU�ðéã(âPODµ � L>ô ä µmå�� ä O:ôDá¸âråéô$çSp1ârå~çSOQôfá¸â'� ä ØJâ;ãDârå>êrâ'Q]â.ô$«Uâ;ârå~ôDá¸â�ô$«UµiêBç�ODâPO[�

ß Ú �b�b � »�® �Ý � Ú �b�b � »�® �Ý � Ú Ý § Ò�õ��ZY ©

Æ � .�0 Ç¶ÈU:'G°¯P�U4�G/7;B*±l6V=�7;B5:'GË1g²�6�B�4�G�6H�Ë=åG��z³Q=�?f4Z� =�794
óQá¸â'O�ð�O(ôDârægç1ô ä êxL¸å¸ê;ârã(ôfç ä ådôCð ä åcôfá¸â�æRL>µmåäì>·��V�VL¸â�ôDµwL¸å¸êrâ;ã(ôfç ä ådô ä âPO ä åeôDá¸â�ægçSUmå¸â.ô ä ê

T�â � ��� ä O ß ì�· � õ ôZâVî ì>· çHåV�ÔôfãDçHåVO � ç1ôfâôDµÃç½å>âPU ��ä U ä Q � âRL>å¸êrâ;ã(ô$ç ä ådôCð ä å¦ôfá¸âgâ�èiê ä ârå¸ê;ðÔôDµ
ôfã ä U�UHârãQçHåa�½ã(ârêrµHåVO(ôDãTL¸ê.ôlæRL>µmåVOh§�Q�ç�ODâP�ÁµmåÉÁtÄÂÒ © ä åcôDá ä O�çHå¸ç � ð�O ä OP�

óQá¸â~è>ãDµ�Q�ç�Q ä_��ä ôCðÂµSMgMhçSp1â½æiL¸µmåVOw«�á ä ê$á è�çSOWOiôDá¸âÁêBç � µmã ä ægâ.ôfârã ä ODµ � ç1ô ä µmåëê[L>ôgçHåV��O(µ
êrµHå"ôDã ä QVL>ô ä åVU~ôDµ¦ôDá ä OìçHå�ç � ð�O ä O ä O � âPOTOìôDá�çHåË,y´¿Ò�õ�öIµ¶�ÂóQá¸â	O�ð�O(ôDârægç1ô ä ê	L¸å¸ê;ârã(ôfç ä ådôCðþµmå
ôfá>â'Mhç�pHâFæRL¸µmåÁãfç1ôDâ ä O�çSOWOTL¸æiâP���vçS�Áá¸µ�êS�¸ôDµeQvâ�Ò�õ î µSMnôfá¸â�è¸ã(µ�Q�çSQ ä_�¶ä ôCð�µSQVODâ;ã�)mâ[� ä åéôfá>â
O ä æRL � ç1ô ä µmå���«�á ä ê$á � ârçS�VOLôfµ�ç�å¸â[U �¶ä U ä Q � â¬L¸å¸êrâ;ã(ôfç ä ådôCðµmåôDá¸âQãfç1ôDâQµSM�Q�çHêqpIUmã(µ�L¸åV�VO^è�çSOWO ä åVU
ôfá>â�O(â � ârê;ô ä µmåéê[L>ôcO·�VL¸â�ôfµwMhçSp1â�æRL¸µmåVO[�

Æ � .\¸ 1g¹k4�6�7]:�
g³Q=�?f4 Ã¨:· �tÈt4¼7¥:PE�4>=�� ºÉ=å2�:eE�=å6h?J�'8;:'ÈtG»�
óQá¸âìç1ægµ�L>å"ôbµSM}Q]ârçHæüá�ç � µ�çhØJâ;ê;ô ä åVUiè¸á�ð�O ä ê[Olâ�)Hârådô�¸ç1ô$ça�ûægç�ðéçHã ä ODâFè¸ã ä æ�ç1ã ä_� ðjM6ãDµmæ

â ä ôfá¸â;ã�§ Ò © çwQvâBçHæ á¸ç � µè�ç1ã(ô ä ê � â�çHãDã ä ) ä åVU ä åéêrµ ä å¸ê ä �¸ârå¸ê;â« ä ôDá~çHåéâ()mârådôaôfã ä U�Umâ;ãDâP�^O(µ � â � ð
�VL¸âbçHåiçHê.ôcL�ç � á�çHãW�uO(êBç1ô(ôfâ;ã ä åaUFè>ãDµ�êrâPOWO\µmãt§,ò © è¸ãDµmæiµHô ä åVU�ç�æ ä å � Q ä ç�Onâ()mârådôP��«�á ä ê$áu«tµ�L � �
å¸µHô�á�ç¥)mâÃå>µmãDægç �_� ðþôDã ä USUmârã(âP� ôDá¸âÃâ()mârådôP� ¸ ä å>êrâ½ôDá ä Oj«tµmãTp�LVODâ[Oeµmå � ðëôfá¸â�O ä åaU � â � ç1åV�
� ä�� æRL¸µHå ôDã ä USUmârãWOP�tôDá¸â&ò?åV�°ODê;ârå�ç1ã ä µ°§8çSO ä ôiµmå � ð çØ]ârê.ôcOgôDá¸âjX(â.ôcO�çHåV�ÑÃ ¨:· ôfã ä U�Umâ;ãTO © ä O
å¸â[U � â;ê;ôfâ[��� ² êrê;µmãT� ä åVUiôfµ ´�â[M6â;ãDâ;å¸êrâCé Y â ê¼�ûôfá¸â¹ãfç1ôDâ¹µ�MmQ]ârçHæ � á�ç � µ�â�)mâ;ådôcO« ä ôDá Ã¨:·ÂçSQvµ;)Hâ
ò â o�â(ï ä Ogâ[O(ô ä ægç1ôfâ[� ôDµEQvâÂÒ)ò â õ ± ÎÃçHåa� êrµHãDãDâ[ODèvµmåV�VOiôfµþçÔè¸ã(µ�Q�çSQ ä_�¶ä ôCð�µSM�,Z´ ÒBõ�ö�½
ôfá¸ç1ôbçHå�ð	U ä )mâråE§,ò â åaO © QVL¸å¸ê$á½êrã(µ�OTO ä åVU�êrµHå"ôfç ä åaO·OWL¸ê$á½çuQvâBçHæ á�ç � µiè¸çHã(ô ä ê � âS� ¸ ä å¸ê;âCôfá ä O
çHå�ç � ð�O ä O¾LVODâ[OEôDá¸â\æRL¸µmå�ôfã ä U�Umâ;ãTO[�)ôDá¸â\è¸ãDµSQ�çSQ ä\�¶ä ôCð�ôDá�ç1ônçHå�ðxU ä )mârå�QVL¸å>ê$á�êrã(µ�OTO ä åVUbêrµHå"ôfç ä åaO
çxO ä åVU � â � µmãm� ä�� æRL>µmåìôfã ä U�Umâ;ãDâ[�iâ()mâ;å"ô�Ú®Þ � Ö(Ún¿åÖNÀ}« ä ôfáiçxQ]ârçHæ á�ç � µ�â�)Hârådô ä O\çHè¸è>ãDµ¥R ä ægç1ôfâ � ð
ò¾´lÒ�õ ö »�»q�\[ ð ä ådôfâ[Umãfç1ô ä åVUQµ9)HârãEç �_� QVL¸å¸ê$á¹êrãDµSOTO ä åVU�OkL¸è�ôfµ�Ò�õ~MnQ ö »JµSM���ç1ô$ç�çHåa��çHè>è � ð ä åaU�ç �_�



Ò)òhi
ODâ � â;ê;ô ä µmå&êPL�ôcOP�WâSR�êrârè�ô�ôfá¸µ�O(â ä å�)mµ � ) ä åVUPÃ¨:·��Jôfá¸â¹ôfµHôfç � åIL¸æRQvârãlµSM^â(R�è]â;ê;ôDâP�lQ�çHêqpIUmãDµSL¸åV�
â�)HârådôcOgêrµmådôfç ä å ä åVU¦çvOTL¸èvârã ä æiè]µ�O(âP��QvâBçHæ á¸ç � µ&è�ç1ã(ô ä ê � â ä OâPO ô ä æ�ç1ôDâP�ëôfµvQvâ½òo´ Ò�õ ö � �
µmãìæiL¸ê$á � â[OTOìôfá¸çHåëµmå¸âeâ()mâ;å"ôP� ± ârå¸ê;âS�`ôfá¸â	Oað�O(ôfâ;æ�ç?ô ä ê@L¸å¸êrâ;ã(ôfç ä ådôCðëç�OTODµ�ê ä ç1ôfâ[�|« ä ôDáëç
OTL>è]â;ã ä æièvµ�ODâ[�oQvâBçHæ � á¸ç � µìè¸çHã(ô ä ê � âS�a«�á ä ê$áÁêrµ�L � �éè]µ�OWO ä Q � ðcè>ãDµmæiµHôfâ�çwQ�ç1êqp�UHãDµ�L¸åa�~â�)Hârådô
µmã ä U ä å�ç �_� ð�á�ç¥) ä åaU¾Ã ¨Q· ó Ò�õ â o�â(ïÁQ]â;ðmµmåa�¿ôfá¸âdO(â � â;ê;ô ä µmå¿ê[L>ôcµSMWÃ ¨:· ¾ Ò9,mõ�o�â�ïi� ä O
å¸â[U �¶ä U ä Q � âCçHåa�éôfçSpHâ;å½ôDµuQvâjÎrâ;ãDµV�

Æ � .\Â �iÃU4>:f8)�
¸ ä å>êrâÃôfá ä OcçHå¸ç � ð�O ä O ä Oeè]â;ãWM6µmã(ægâ[� êrµmåaO ä O ôfâ;å"ô � ð¿ç1ô � ârçS� ä åVU�µmãW�¸ârã[�bôDá¸â ä å¸ê � LVO ä µmå µSM

á ä Umá¸ârãlµmãT�¸â;ã�â�Ø]ârê.ôcO ä å�)Hµ � ) ä åaU ¹�¸ ´mð X ¸ ´ ä OCå¸µ1ô�ô$çSp1ârå ä ådôfµéç1êrêrµSL¸ådô ä åÃôfá ä Og«tµmãTp��¹óQá¸â
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