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D0

PROTON

ANTI−PROTON

MAIN
INJECTOR
(150 GeV)

and
RECYCLER

(8 GeV)

TEVATRON
(1.96 TeV)

CDF

NEUTRINO

PROTON

MESON 

ANTI−PROTON
SOURCE

BOOSTER (8 GeV)

LINAC (400 MeV)

COCKCROFT−WALTON
(750 keV)
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Central Outer Tracker (COT) 
Silicon Vertex Detector (SVX) 

Intermediate Silicon Layer (ISL)

Luminosity Counter (CLC) 

Central EM Calorimeter (CEM)
Central Hadronic Calorimeter (CHA)

Solenoid

Plug EM Calorimeter (PEM)

Wall Calorimeter (WHA)

Central Muon (CMU/CMP)

Barrel Muon (BMU)

Plug Hadronic Cal. (CHA)

Muon Extension (CMX)
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j��kmFrsik^'m\³��krsdumFr�^�ik~�±�^'b�dun{rs� n�dur9`c³\rs|cdomcduj�dun�nsixb�p\d�~3d�jur�b�^3j1�cd�~'�>�$n�d�mcn�dv±�^3b�d�n{r�� �,dursdujur�^'�am,n
j�b�d�ixr�d��\��b��at r�|cdv³cikb�r�^'j�~3d ³�ikn�n�^'m,_¸rs|,b��a`c_k|��@ixmc� n�|�ik³�d�b²±�^'b�dun�`,n�d�� rs� n�|�ik³�dors|cdvd�~'dujur�b�^'j
��du~'��³cb��k³Hdub�~3pk��n�dud�]�^'_a`cb�d²e,f32Zf

h}|cd�y}��h�^'n4�c~'~'du� ±�^3r�| i _�ikn¹tv^5�¨rs`cb�d´�k�62k� � � b�_a�am¶ikmc�&2k� � d«rs|�ikm,dkf²h}|c^'nEtv^5�Zr�`cb�d
±/ikn*j�|c�an�d�m r���d�mcn�`cb�d¹��ikn�r/�cb�^­��rIµkd�~'�¨j�^­rs^3d�n7� �8���a��9�t;:xmcn��;n���rs|�ixrIrs|cd¹t�i<�,^3t�`ct �cb�^3��r8rs^3tvd
^'n9~'dun�n9rs|�ikm\rs|cd�e>=>? mcn´��d�ikt jub��an�n�^'m,_¸rs^3tvdxf?h}|c^'n9^'n�ikj�|c^3duµkd�� n�^3mcj�d�rs|cdvt�i<�,^3t�`ct �,b�^3��r
�c^3n�r�ixmcj�dv^'n�ik�H�k`,r��Zf3!>! j�t tviklF^'mc_����ab9t�i#�Z^3t�`ct �cb�^3��r²rs^3tvdun��x��ik���a`,r@�<A>A�mcn��	~3d�n�n�rs|cikm
|�ik~­�"rs|cd²�c`cm,j�| j�b��an�n�^'mc_ors^3tvdxf

h}|cd�j�|�ikb�_kdvixmc� tv�at�d�m�r�`ct �k�Drs|,d�b�d�ju�amcn�r�b�`cj«rsdu� rsb�ikj�lFn´ixb�d t�d�ikn�`cb�du�\��b��at r�|cdoj�`cb�°
µxixrs`,b�d9^'m�rs|cd´y}��h{f�h}|,d�rsb�ikmcnqµad�b�n�d�t��at�d�m�rs`,t �k�	b�d�ju�amcn�r�b�`cj«rsdu�¶rsbsixj�l¨n¹^'n��a�,rsik^'m,d�����b��at
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]@^3_a`cb�d¶e,f ����� �abqrs^'�km �k��r�|cd\y}��h ^3~'~'`,n�rsb�ixrs^3mc_ r�|cd\ikb�b�ikmc_adutvdum�r��k�9n�`c³�d�b�~�i�padub�n�f¬�"i�padub�n
ik~­rsd�b�m�ixr�d{�Hd«r�±/dud�m¶nqrsd�b�d��vikmc�¸i#�Z^�ik~��Znqr�ikbqrs^3mc_ ±�^3rs|�~'i�pkd�b �9ikn�n�r�d�b�du�cf

SL2
52 54 56 58 60 62 64 66

R

Potential wires

Sense wires

Shaper wires

Bare Mylar

Gold on Mylar (Field Panel)

R (cm)

]@^3_a`cb�d e,f32 � ��^'d«± �k�²n�`c³�d�b�~�i�padub � ik~3�amc_ r�|cd�%&�c^3b�dujurs^3�am�f h}|,b�d�d n�`c³�d�b�jud�~3~'n?ikb�d¶n�|,�¡±�m>�
^'~3~'`cnqrsb�ixrs^3mc_�r�|cd{±�^'b�d{ju�am���_k`cbsixr�^'�am?±�^­rs|c^3m¸i jud�~'~�f
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rs|,d´d��F`�iªrs^'�km������ ���ge
	 � ��±�|,d�b�d�	 ^3nwr�|cd´tvik_amcd«rs^3j �cd�~'�¸n�r�b�d�m,_krs|��Hikmc� � ^'n�rs|cd�bsik�c^3`cn��k�
j�`,b�µxixrs`,b�dkf � |cdum�	 ^'n}^3m�h�dun�~�i�ikmc� � ^3n}^'m�t¸�
��� |cikn�`cmc^3r�n}�k���²d«��f

h}|cdoy}��h�tv�ktvdumFr�`ct b�dun��a~3`,rs^3�am ^3n¹nqrs`c�c^3d�� ��p¸tvd�ikn�`cb�^'mc_�rs|cd��c^3®Hd�b�d�mcjud�^'m¸j�`cbqµxixrs`cb�d
��dur�±Id�d�m b�d�j��kmcn�r�b�`cj«rsd�� j��kn�t�^'j�rsbsixj�l¨n�ixn�rs|cd«p dum�rsd�bvrs|cd¶�,dursdujur��ab�µa�k~'`ct�d ��^'m�±*ixb�� ~3d�_an'�
ikmc��ikn�rs|cd«p ~'d�i�µkd&���a`Zr�±*ikb�� ~'d�_kn��«f h}|cd?r�±I� ~'d�_kn��Hdu~'�am,_¶rs�¶rs|,d nsikt�d rsb�ikj�l n�� rs|cd �kmc~3p
j�`,b�µxixrs`,b�d9�c^3®Hd�b�d�mcjud�^3nw�,`cd9r��vb�d�n��a~'`,r�^'�am>�c�amcjud9r�|cd�dumcd�b�_kp�~'�kn�n�^'m?rs|,d�n�^'~'^3j��am?�,dursdujur��abE|�ixn
��d�d�m ikj�ju�a`cm�rsdu� ���abuf � y}��h tv�ktvdumFr�`ct b�d�n��k~'`,r�^'�am �k� ��� ���������� �
�3A �(�������;���{du� :�� ���� 
^'n¹tvd�ikn�`,b�d��>f�� d�j�ixm n�d�d�r�|�ixr{|,^'_a|cdub!���\rsb�ikj�lFn{|�i�µad�±I�ab�n�d tv�ktvdumFr�`ct b�d�n��a~'`Zrs^'�km��>n�^'mcjud
rs|,dup ��d�mc�\~'dun�n²^'m¶r�|cdot�ix_amcdur�^'j
�cd�~'�>f h}|cd�iktv�k`cm�r²�k�/tvixr�d�b�^'ik~$^'m rs|cdvy}��h ju�ab�b�d�n�³H�am,�cn
rs��ik³,³cb�� �Z^'tvixrsdu~3pv�,fg����?�b�ik�c^�iªrs^'�km ~'dumc_krs|,n �#"%$��D±�|c^3j�|¸^3n*^'t�³��ab�rsikm�r/���ab*j�ik~'ju`c~�iªrs^'m,_�d�mcdub�_kp
~'�kn�n�ikmc� t�`c~­rs^3³c~'d¹n�j�iªr�rsdub�^3mc_cf
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h}|cd�y*z{] j�ix~'�ab�^'t�dursdub}^'nwivn�ikt�³c~'^3mc_on�j�^3m�rs^'~3~�ixr��ab*j�ik~'�ab�^'t�dur�d�b}�cdun�^'_kmcd�� r���t�d�ikn�`cb�d²rs|,d´d�m¨°
d�b�_kp&�x���H�kr�| j�|�ikb�_ad���ikmc� m,d�`,r�bsik~*³cikb�r�^'j�~3d�n�³cb��¨�c`cjud�� ^'m�� �� j��a~3~'^'n�^'�am,n�f¶h}|cd?j�ik~'�kb�^'t�dur�d�b
t��Z�c`,~'d�n¹ikb�d´~'�¨j�iªrsd�� �a`,r�n�^3�cd�r�|cd�r�bsikj�lF^'m,_ n�p¨n�r�d�t ikmc�¶ju�amcn�^3n�rE�k�8ik~­rsd�b�m�ixr�^'mc_�~�i�padub�n¹�k�8ikj °
rs^­µadDt�iªrsd�b�^�ik~ ��n�j�^'m�r�^'~'~'ixrs�kb��Hn�ikmc�,±�^3j�|cd�����dur�±Id�dum�~�i�pkd�b�n$�k�,³�ikn�n�^3µkd ��ix�cn��ab��c^'m,_ ��t�ixr�d�b�^�ik~xn�`cj�|
ikn{~3d�ik� �ab{nqrsdud�~�f � ikbqrs^'ju~'dun��cd�³��an�^3r{rs|,d�^'bEd�mcdub�_kp ^3m rs|cd j�ik~'�ab�^'t�dur�d�b¹r�|cb��k`c_a| ��n�|,�¡±Id�b�n � �k�
n�duj��am,��ikb�p ³�ikbqrs^3j�~'dun�³,b��¨�c`cj�du�&±�|cd�m&r�|cd�³,b�^'tvikbqp ³�ikbqrs^'ju~'d�^'m�rsdubsikj«rsn9±�^3rs|\rs|cd�t�ixr�d�b�^�ik~;^3m
rs|,d�j�ik~3�ab�^3tvd«rsdub�f��£^3_a|�r�_a`c^3�cd�n�ikb�d�`,n�d�� r��?j��a~3~'d�j«rE³,|c�krs�kmcn{³cb��¨�c`cjud��¶��b��at j�|cikb�_adu� ³�ikb�r�^­°
j�~3d�nI³�ikn�n�^'mc_�rs|cb��a`c_a|�r�|cd�n�j�^'m�r�^'~'~'ixrs�kb;t�ixr�d�b�^�ik~��a±�|c^'j�|�ikb�d¹r�|cd�m �,^'b�dujur�d�� rs�´³c|c�kr��at�`c~­rs^'³,~'^'dub
rs`,�Hdun�f

h}|cd²y*z{] j�ik~3�ab�^3tvd«rsdubDnqp¨n�rsdut ^3nI�,^3µ¨^'�cdu��^3mFr��9r�±I��b�d�_a^3�amcn � rs|cdwj�dumFr�bsik~Hb�du_a^'�am � � &�� � �<�«�
±�|c^3j�|\ju�amcn�^'n�r�n{�k�8rs|cd�y/dum�rsbsix~"/8~3d�j«rsb��kt�ik_kmcdur�^'j´j�ik~'�kb�^'t�dur�d�b
��y /('��{ikmc� �a`Zrsn�^3�cd´r�|�ixr{rs|,d
y/d�m�r�bsik~*)¹ik�cb��kmc^'j j�ik~'�ab�^'t�dur�d�b1��y+) � � �"ikmc� rs|,d�³,~'`c_�b�du_a^'�km(� �
� � � � &�� � e,�3? � �"j��amcn�^'nqrs^'m,_
�k�²rs|,d � ~3`c_ /;~'d�j«rsb��at�ix_amcdur�^'j¶j�ik~'�kb�^'t�dur�d�b � � /('��?ikmc� �a`,r�n�^3�cd¶rs|�iªr?rs|cd � ~'`,_-)¹ik�cb��amc^'j
j�ix~'�ab�^'t�dursdub�� � ) � � f�h}|cd�b�d�ixn��am rs|cixr;rs|cd�du~'d�j«rsb��at�ix_amcdur�^'jIn�d�j«rs^3�amcn8�k��rs|cd}j�ik~'�ab�^'t�dur�d�b@ju�at�d
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��du���ab�dor�|cd�|�ik�cb��amc^'jon�d�jur�^'�am,n�^3n²r�|�ixr9d�~3d�j«rsb��kt�ik_kmcdur�^'j n�|,�¡±Id�b�n´��d�_a^3m iª��rsd�b{r�bsi�µadub�n�^3mc_ ~3d�n�n
tvixrsdub�^�ix~crs|�ikm�|�ik�cb��amc^'jwn�|,�¡±Id�b�n�f )Eik�,b��amcnD±�^'~3~�r�p¨³c^3j�ik~3~3p�r�bsi�µadub�n�d�rs|cd¹d�m�rs^3b�d$/(' n�d�j«rs^'�km �k�
rs|,d9j�ik~'�kb�^'t�dur�d�b*��du���kb�d9�cd�³��an�^­rs^3mc_�rs|cdu^'b�d�m,d�b�_xp�^'m?rs|cd9|�ik�,b��amc^3j{n�dujurs^3�am�fDh}|cd²rs�krsik~£d�mcdub�_kp
�cdu³H�an�^3r�d�� ^3m?rs|cd9d�m�rs^3b�d²j�ix~'�ab�^'t�dursdub�� /(' ixmc�¸|cik�cb��kmc^'j²n�dujur�^'�amcn'��^3n��a�,r�ix^'mcdu� ��p n�`,tvt�^'mc_
rs|,d d�mcdub�_a^3d�n{^'m d�ikj�| j�ik~3�ab�^3tvd«rsdubwr��¡±Id�buf´h}|cdub�d�ikb�d � !a��j�ik~'�ab�^'t�dur�d�b¹r���±/dub�n{^'m¶r�|cd j�dum�rsbsix~
b�du_a^'�km¸ixn*±/du~'~"ikn � !a��r��¡±Id�b�n¹^3m?rs|cd²³c~3`c_ b�du_a^'�am>f

��¦¨�H§��¡ ����� ������x��� ¦�§�¦F��(*)"©u§�¦ � + �-,/.10 ��24350�6724398

h}|cd�y / ' j��am,n�^'nqrsnI�k�£ik·u^'t�`Zrs|�ik~c±Id��,_ad�nIj���µadub�^'m,_���� �;:��<2 + ^'m%&�:=<?n�³cikj�dxf"� d��,_ad�nIj��amcn�^'nqr
�k�@e��²~�i�padub�n��k�@�,f � � 2�j�t �x�@~3d�ik��^'m�r�d�b�~3d�i�µadu� ±�^­rs| �,f32ojut �k��³H�k~3p¨n�r�p¨b�dumcd9n�j�^3m�rs^'~3~�ixr��ab�f /8ikj�|
±Id��c_ad�^'n9_ab��a`,³Hdu�&^'m�rs� ���¸b�d�ik�,�a`,r´r���±/dub�n ��j�ik~3�ab�^3tvd«rsd�b�r���±/dub�n���ikb�b�ikmc_adu�&^'m i¸³cb��#��d�j«rs^3µkd
_adu�atvd«rsbqpa�cn�d�d�]@^'_a`,b�d²e,f ?,f;h}|cd�y /(' ^3n�ik³c³cb����Z^3t�ixr�d�~­p ��! "%$w�cd�du³�f

]�^'_a`cb�d²e,f ? � � ±/du�c_ad9�k�$rs|cd²j�dum�rsbsix~$j�ik~'�kb�^'t�dur�d�buf

h}|cd y+) � ^'no�c^'b�d�j«rs~3p �a`,r�n�^'�,d �x�Ers|,d¶y /(' ixmc� ju�amcn�^'n�r�nv�x�{e � ~�i�pkd�b�n��k� � f 2¶jut ^'b��km
^'m�r�d�b�~3d�i�µadu��±�^­rs| �afg�9jut �k�Hn�ju^'m�rs^3~'~�iªrs�abuf$h}|,d�y+) � ^3n8ik³c³cb�� �,^3t�iªrsd�~­p � f 2�^'m�r�d�bsixjurs^3�amo~'dumc_krs|,n
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����$ �v�,d�d�³>f ]@^3m�ik~3~3pa�I�Hd«r�±/dud�m rs|cd jud�m�rsb�ik~�j�ik~'�ab�^'t�dur�d�b�n�p¨n�r�d�t ixmc� rs|cd¶³,~'`c_&j�ik~'�kb�^'t�dur�d�b
n�p¨nqrsd�t ^'n/r�|cd$�&ix~'~ )Eik�cb��amc^3j²y*ik~'�kb�^'t�dur�d�b7� � ) � �I±�|c^3j�| |cikn$�<2´~'i�pkd�b�n}�k� 2Zf ��jut ^3b��am?ixmc�
�afg� j�t �k��n�ju^'m�rs^3~'~'ixrs�ab/ikmc� ^'n�ik³,³cb�� �Z^'tvixrsdu~3p � f32���$w�cd�du³�f

� ���"¤ �� ������ª� � ¦�§�¦F� (*)"©u§�¦ � + � ,/.10 � 24398

h}|cd¹j��amcnqrsb�`cjur�^'�am �x��rs|cd � / ' ^'nIikm�ik~3�a_a�a`cn8rs�9rs|cdEy /(' ±�^3r�| � e�ik~3r�d�b�mcixrs^3mc_�~'i�pad�b�n/�k��~'d�ix�
���Zf � jut���ikmc� n�j�^3mFr�^'~3~�ixr��ab����,f � jut�� fEh}|cd�n�d�_at�d�m�rsixrs^3�am ^3m <\^3n0�<2 + ��n�iktvd´ikn²y /('��¹�,`,r�^3n
�c�a`,�c~'du�\r���AZf32 + ^'m rs|cd�b�du_a^'�am �
� ��� � & ��� � � �afvh}|cd � /(' ^3n9ik³c³cb����Z^3t�ixr�d�~­p � � "%$´�cdud�³
��iªr¹m,�ab�tvik~�^3mcj�^3�cd�mcjud�� fIh}|cd � ) � ^'n�~'�¨j�iªrsd����c^3b�dujurs~­p?�a`,r�n�^3�cd{rs|cd � /(' ikmc� j��am,n�^'nqrsnw�k� � e
ik~­rsd�b�m�ixr�^'mc_o~�i�pkd�b�nw�k�;^3b��am � � f 2oj�t;�}ikmc� n�j�^3mFr�^'~3~�ixr��ab � �kf �oj�t;�«f*h}|,d � ) � ^'nwik³c³,b�� �Z^'tvixrsdu~3p
A	� $w�cdud�³�f
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�Z^3mcj�d t�`,�amcn²�amc~­p¶~'�kn�d d�m,d�b�_xp¶rs|cb��a`c_a| du~'d�j«rsb��at�ix_amcdur�^'j�^3m�rsd�b�ikjur�^'�am,n²ikmc�\ikb�dot�`,j�| t��ab�d
tvikn�n�^3µadors|cikm du~'dujursb��amcnu��rs|,dup\j�ikm\rsb�i�µkd�~;rs|,b��a`c_k| n�^3_amc^ ��j�ikm�r�~3p¶t��ab�d�tvixr�d�b�^'ik~@r�|�ikm �xrs|cdub
j�|�ikb�_ad��´³�ikb�r�^'ju~'d�nuf@]��ab"rs|,^'n$b�d�ixn��am´r�|cd/t´`c�am´�,dursdujur��ab�n;ixb�d8rs|cdI�a`,rsdub�t��an�r�³�ikbqrs^3j�~'dD�cd«rsd�j«rs�ab�n
ixr�y*z{]/f '¸`c�amcn�³�ikn�n�^'m,_ rs|cb��a`c_a|\rs|cdv�cdur�d�j«rs�ab�~3d�i�µad�i r�bsikj�l\^'m\rs|cd y}�{h ixmc�&�cdu³H�an�^3r´i
n�tvik~3~"��b�ikjur�^'�am �k�;r�|cd�^3b¹dumcd�b�_kp ^3m¸r�|cd´j�ik~'�ab�^'t�dur�d�b0��ik���a`,rE�,f � �{du� ^3m¸r�|cd*/(' n�dujur�^'�am ixmc�
ik���a`,r � �{du� ^'m?rs|,d9|cik�cb��kmc^'j{n�d�jur�^'�am��am¸i�µadubsik_ad �«f

h}|cd�t�`,�am n�p¨nqrsd�t ixr�y*z{]\j��am,n�^'nqrsn*�x�"n�duµkd�b�ik~�n�`,�H�cd«rsdujurs�kb�n � r�|cd{y/dumFr�bsik~ '¸`c�am y/|cikto°
��d�b�n$��y '��7�8±�|c^3j�|?j���µadub*�	� � &���� �,�3?,�¨�c^3b�d�j«rs~­po�a`,rsn�^'�cd�rs|cixr/^3m�b�ik�c^'`,n��Frs|cd�y/d�m�rsb�ik~ ' `c�am
�¹³,_absik�,d ��y ' � �«�;ju�¡µkd�b�^'mc_ rs|cd�n�iktvd & bsikmc_kdk�Iikmc� ��m�ik~3~3p\rs|cd¸y/d�m�r�bsik~ '¸`,�am(/ �¨rsdumcn�^3�am
��y '�� �I±�|c^3j�|?j���µadub�nw��� ?�� � & �����
�g�,�,n�d�d²]@^3_a`cb�dEe,f � f	��m��ab��,d�b*mc�xr*rs� ��d{ik�cn��ab���d��>�ct�`c�am,n
t�`cnqr}|�i�µad9i�t�^'mc^3t�`ct �,� �x�6�kf � �{du� :��wr���b�d�ikj�|?rs|cd9y '����,rs� b�d�ikj�|?r�|cd²y ' � r�|cdup�t�`cnqr
|�i�µad¹ixr8~3d�iknqr � f � �{du� : �ª���kr�|cd�bq±�^'n�dwr�|cdup�±�^3~'~c��dwik�cn��ab���d���^'mod�^­rs|cdub	rs|cd�j�ik~'�ab�^'t�dur�d�b	nqpZnqrsdut
�ab�ik�,�c^3r�^'�am�ix~>n�r�d�du~�ix�cn��ab��Hdub}�Hd«r�±/dud�m r�|cd�y '�� ikmc�¸y ' � f

� mcd«± n�`c���cdur�d�jur��ab���r�|cd��*ixb�b�du~�' `c�am��¹³,_absik�,d ��� '��$�«�Hj���µadub�^3mc_��
�g��� � & ��� �
�32�±/ikn
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��d�^'m,_´j��ktvt�^'n�n�^'�kmcd��v�c`cb�^3mc_´r�|cdE��iªr�i�rsiklF^'mc_�³�d�b�^'�¨���k�>rs|c^3n*ikm�ix~3p¨n�^3n*ikmc�vrs|cdub�du���kb�dE±/ikn*mc�xr
`cn�d���f

h}|cd y '�� n�`c�H�,dursdujur��ab¹^3n�n�d�_ktvdumFr�d��¸^'m�rs� ��� d�iknqrEixmc� ��� ±Id�nqr*�<2 + ±Id��c_adun��Hn�d�d�]@^3_a`cb�d
e,f3AZf /8ikj�|�±/du�c_adEju�am�r�ik^3mcn;rs|cb�d�dwt�`c�am�j�|�ikt´�Hdub�n7��³�ikb�ik~'~3d�~¨rs�²rs|cd < �c^'b�d�jur�^'�am��«f@h}|,dw±Id��c_kd�n
j��kmcn�^3n�rw�k�$���a`cb}~�i�pkd�b�n��k���cb�^3��r�j�du~'~3n}^'m?rs|cd²b�ik�c^�ix~>�c^3b�d�j«rs^3�am��cn�d�d9]@^'_k`cb�d²e,f !,f

]@^3_a`cb�dDe,f3A � �Zj�|cdut�iªrs^'jI�cbsi�±�^3mc_E�k�Zrs|cdIt�`c�am��cdur�d�j«rs�ab�n	~'�¨j�ixr�d��9�Hdu|c^'m,�´rs|cdIj�dumFr�bsik~¨j�ix~'�ab�^'t�d«°
rsdub�f

/8ikj�| j�du~'~�|�ixnIi02k� 9�t n�d�mcn�d¹±�^'b�d�n�rsb�`cmc_9rs|cb��a`c_a|ors|cdwj�du~'~�jud�m�rsdub��,³cikbsik~3~'du~Zrs�²rs|,d7%�i#�Z^'n�f
h}|cdoj�du~'~3n{ikb�d*�c~'~'du�¶±�^3r�| i t�^ �¨r�`cb�d �k� � b�_a�am\ikm,�\d«rs|�ixmcdo_�ikn²ikmc� r�|cd |c^3r�n����ab{i rsb�ikj�l¶^3m
rs|,dwt´`c�amoj�|�ikt���d�b�n$��j�ik~3~'du�oi���nqrs`c��� �;ikb�d}b�d�j��kb��cdu����potvd�ikn�`,b�^'m,_�rs|cdw�cb�^­��r	rs^3tvdun;�k�H^'�amcn	r��
rs|,d9n�d�mcn�d9±�^3b�dxfD��m�rs|,d´y '�� r�|cd²t�i<�,^3t�`ct¬�cb�^­��r}rs^3tvd�^3n !a�a� mcnu�c±�|c^'j�| ^'n}~3�amc_adub*rs|�ikm�rs|,d
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Radial centerline
Muon track

55 mm

To pp interaction vertex

]@^'_a`,b�d{e,f ! � '¸`,�am¸j�|cikt���d�b�^'m?rs|,d´y '���f

e>=>?omcnw�c`cmcj�|¸j�b��an�n�^'mc_�rs^'t�dk�Zrs|F`cn¹r�b�^3_a_ad�b�ixmc�¸���v^3mcd²b�duj��amcnqrsb�`cjur�^'�am¸^'m,���ab�t�iªrs^'�km?ikb�d9`cn�d��
rs��`cm,^ �F`cd�~­p �cd«rsd�b�tv^3mcd���b��kt ±�|c^3j�| �c`,mcj�| jub��an�n�^'m,_�r�|cdo|c^3r²�kb�^'_k^'m�ixr�d���f '¸`c�am\j�ixmc�c^'�cixrsdun
ikb�d²���kb�t�d��?��p�t�iªrsj�|c^3mc_oi�nqrs`c��rs��ikm d��¨r�bsik³��a~�iªrsd��¸y}��h r�bsikj�l�f

h}|cd´y ' � n�`c���cd«rsd�j«rs�ab¹^'n�ikb�bsikm,_ad�� ^'m¸i �H� �F°�~3^'lkd²ju�am���_a`,bsixr�^'�am ikb��a`cmc��rs|cd�y '�� ±�^3r�|
ikm�ik�c�,^3rs^3�am�ik~De ���x�¹nqrsdud�~�ik�cn��ab���d�b n�ikmc�,±�^3j�|cd�� �Hd«r�±/dud�m rs|cd r�±I�c�Dn�dud¸]�^'_a`cb�d?e,f � f\h}|cd
ik�c�,^3rs^3�am�ik~@t�ixr�d�b�^�ik~;_ab�d�ixr�~3p b�d��c`,j�d�n�r�|cd���ikj�lF_ab��k`cmc� j��ktv^3mc_?��b��at |�ix�cb��am,n´t�^'n�^3�cd�m�r�^ ��du�
iknIt�`c�amcnD^'m�rs|cd¹t�`c�amvj�|�ikt���d�b�n�f;h}|cd{y ' � ^'nD�k��rsdum `cn�du� ^'mvj��am<��`cmcjur�^'�am�±�|c^'j�|vrs|cd�y '��
rs�²^3tv³cb���µad}³c`cb�^3r�p �x�>t�`,�amonsikt�³c~'dun���r�|cd�j��at��,^'m�ixr�^'�am �x�Hr�|cd}r�±/�9^'n;�k��r�d�mob�d«��d�b�b�d���rs�9ikn;rs|,d
y '�� � � fc�£�¨j�ixr�d�� ��`,n�r*�k`,rsn�^'�cdw�k��r�|cd{y ' � ^3n/i9n�j�^3m�rs^'~3~�ixr��ab��kj�ik~3~'d��ors|,d{y/d�m�r�bsik~>�Zj�^3m�rs^'~3~�ixr��ab
�¹³,_absik�,d;��y}� � �«f

h}|cd?y '�� n�`,�H�cd«rsdujurs�kb´³cb��¡µ¨^3�cd�n�t�`c�am\j���µadubsik_kd�^'m\rs|cd�³c~3`c_¸b�d�_a^3�am ikmc� ^3n²n�^'t�^'~'ikb�^3m
j��kmcn�r�b�`cj«rs^'�km r�� rs|cd y '���f )w�¡±Iduµkd�bu�"r�|cd�y ' � |�ixn{d�^'_k|Fr�j��amcjud�m�rsb�^'j ~'i�pkd�b�n��£j��ktv³�ixb�d��¶r��
�amc~­p&���a`cb�^'m rs|,d y '��9fIh}|cd¸j�du~'~'n�ikb�d¸n�~'^3_a|�rs~3p n�rsik_a_adub�d�� ±�^3rs|�b�dun�³�d�j«r rs�\d�ikj�| �krs|cdub�r��
³cb��¡µ¨^3�cdotvd�ikn�`cb�d�t�d�m�rsn²^3m %?��b��kt rs|,d��,^3®Hd�b�dum�r�nqrsdub�d��¸ikmc_k~'d�n²�k�Id�ixj�| jud�~'~�±�^3rs|\b�dun�³�d�j«r9r��
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rs|,d ��d�ixt i#�Z^'nuf � m�ik~3�a_a�a`cn�r��\r�|cd¸y ' � �Di n�ju^'m�rs^3~'~'ixrs�ab�^'no~'�¨j�iªrsd�� �a`Zrsn�^3�cd?�k�¹rs|cd¸y ' �´�
j�ix~'~'du� rs|cd�y}�¨�´f

	�
�� 
�� � � ) ��)+����� ��� � � " � � ��" � � � ��� ����) �

� r�y*z{]/��rs|cd ^3mcn�rsikm�r�ikmcdu�a`cn{~3`ctv^3mc�an�^3r�p�^'nEtvd�ikn�`cb�d�� `cn�^'mc_ y/|cdub�dumclk��µ\�£`ct�^'mc�an�^3r�p y/�a`cm¨°
rsdub�nu�¨�kmcd}~'�¨j�ixr�d��oixr8du^3r�|cd�b;dumc�v�x��r�|cd��cdur�d�j«rs�ab8mcd�ikb	rs|cd�³c~3`c_{j�ix~'�ab�^'t�dursdub@nqpZnqrsdut¸f	h}|,dup�ikb�d
~'�¨j�iªrsd��vj�~3�an�d�rs�9rs|cd¹�Hd�iktv~3^'mcd�ixmc� j��kmcn�^3n�r*�x� � !�y/|cd�b�d�mclx�¡µ j��a`cm�r�d�b�n6��~'~3d��o±�^3rs|v^'n��a�c`,rsikmcdkf
h}|cd«p�t�d�ikn�`cb�d¹rs|cd¹m¨`,t��Hdub*�k�£^3mcd�~'ikn�r�^'j ����?ju�a~'~3^'n�^'�amcn8��p�tvd�ikn�`,b�^'m,_�rs|,d�mF`ct���d�b/�x�"³�ikb�r�^'ju~'d�n
d�t�d�b�_a^'m,_���b��at r�|cd²j��a~3~'^3n�^'�km ixr�n�t�ik~3~£ikmc_k~'d�nuf8]�b��at¬rs|c^3n*rs|cd²~'`,tv^3mc�an�^­r�p�^'n�j�ik~3j�`c~'ixrsdu��f

	�
�� 
�� � $,��$ &'�	� � " �-" ��"#��� 
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h}|cd�y*z{] z{ixr�i � j �F`c^'n�^3rs^3�am\�¨p¨n�r�d�t ju�amcn�^3n�r�n��k�/i?rs|cb�d�do~'d«µad�~	r�b�^3_a_ad�b{nqp¨n�rsdut rs|�iªr�n�d�~3d�jur�n
duµkd�m�rsn	±Id}ikb�dI^3m�rsd�b�d�nqrsd�� ^3m�ikm,��±�b�^­rsdun�rs|,d�t rs���,^'n�l����kb$��`cbqrs|cdub	ikmcik~3p¨n�^3n����v^3mcdkf�h}|cdIr�b�^3_a_ad�b
n�p¨nqrsd�t b�d��c`cjud�n/r�|cd�bsixr�dEiªrD±�|,^'j�|��cixr�i9ikb�d�b�d�j��kb��cdu����b��at rs|cd � f32 '�)w·¹��d�ixt j�b��kn�n�^3mc_9bsixr�d
rs��A>2 )¹·x�>rs|,d�r�p¨³c^'j�ik~@b�ixrsd´ixrE±�|,^'j�| ��ixrsi�j�ixm �Hd�n�rs�kb�d�� �km �c^'n�l�fEh}|c^'n¹j��ab�b�d�n�³H�kmc�cn�rs� ikm
duµkd�m�r�b�du�c`cjur�^'�am b�ixrsd��k�¹ik�H�k`,r�� � ea�a�k�a�,f\�Zdud�]@^'_a`,b�d eZf3= ���ab´i¶n�j�|cdut�iªrs^'j��c^�ik_kbsikt �k��rs|,d
y*z{]&rsb�^'_a_adub*n�p¨nqrsd�t f

h}|cd$��b�n�r}~3duµadu~>�k�£r�|cd¹r�b�^3_a_ad�bIn�p¨n�r�d�t ��� �<�D^3n*i´³,`cb�du~3pv|�ikb��Z±*ikb�d���ikn�d�� r�b�^'_k_ad�b8rs|�iªr*`cn�d�n
^'mZ���ab�tvixrs^3�am ��b��at r�|cd�j�ik~3�ab�^3tvd«rsdub�n��	r�bsikj�lF^3mc_ j�|�ikt���d�b�n��*ixmc� t�`c�am �cd«rsd�j«rs�ab�n�r�� t�iklxd�i
�cduj�^'n�^'�am�rs��ikj�jud�³,rE�ab�b�d ��d�jur¹rs|cd9duµkd�m�r�f¹y/�a~3~'^3n�^'�km?��ixr�i�ikb�d9��du� ^'m�r��;?@9�n¹³,^'³�d�~'^3mcd�nwikm,�¸rs|,d
_a~3�a��ik~I� �?�cd�ju^'n�^3�am t�`cnqro�Hd?tvik�cd ikmc� b�d«rs`cb�mcd�� rs�¶r�|cd ��b��kmFrq°�dumc� d�~'dujur�b��amc^3j�n���du���kb�d rs|,d
��ixrsi´b�d�ikj�| rs|,d�d�mc�?�x��rs|cdE³c^'³�d�~3^'mcdun�f@��mZ���ab�tvixrs^3�amv��b��at rs|cd�y}��h ^3n/³cb��Zjud�n�n�d�����p�rs|cdE��]@h
��d �¨rsb�dutvdu~3p ��ixn�r}rsb�ikj�lkdub��*rs��ik^3�?^'m?rs|cd9� �²�cd�ju^'n�^'�am�f;h}|,d�� �{rsb�^'_a_kd�b}b�du�c`cjud�n�rs|cd²duµkd�m�r¹bsixr�d
��b��kt � f32%' )¹·²rs��~'d�n�n}rs|�ikm � �ol�)¹·kf /	µad�m�r�n�ikjuj�d�³Zrsd�� ixr¹� �´ikb�d{rsbsixmcn���dub�b�du�¸r����kmcd��x�����a`,b
� � �c`,®Hd�b�nuf

� r}� � �¨ik~3~crs|cd¹� �E^'mZ���ab�tvixrs^3�am ^'nDi�µxik^'~'ik�c~3d}iknI±Id�~3~�iknDr�±I�´�,d��c^3j�ixr�d�� ³c^3d�jud�n/�x��|�ikb��,±/ikb�d �
rs|,d j�~'`,n�rsdub���mc�cdub��E±�|,^'j�| tvdub�_adun?d�mcdub�_a^3d�n?^3m mcd�^3_a|F�H�a`,b�^'m,_ j�ik~3�ab�^3tvd«rsd�bors��±Id�b�n r��&���ab�t
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j�~3`cn�r�d�b�n��Zikmc�vr�|cdE�¨��h ��n�^3~'^'ju�am µadub�rsd ��rsbsixj�l¨^3mc_´|cikb��,±/ikb�d��	±�|c^'j�|v`cn�dun/n�^3~'^3j��amo|c^­rsn;rs��n�d�ixb�j�|
���ab;rsb�ikj�lFnD±�^­rs|��c^'n�³c~�ixj�d��oµadub�r�^'j�dun�f8]@^3m�ik~3~3pa�k��ixr�i9ikb�d���du�v^3m�rs��i9³cb��Zjud�n�n��abD�H�aikb��o±�|c^'j�|�`cn�d�n
n�^3tv³,~'d{n�du~'dujurs^3�am¸ik~'_a�kb�^3r�|ct�n/rs��t�ixlkd�iv� � �,d�j�^3n�^3�am�f/h}|,d�tvi#�Z^'t�`,t � � ikjuj�du³,rEb�ixrsd9^'nwea�k�
)¹·xf

h}|cd;��mcik~8~'duµkd�~D�k�*r�|cdvr�b�^'_k_ad�b²n�p¨nqrsd�t �;�"e,��j��amcn�^'nqrsn´�x��i¸³cb��Zjud�n�n��ab´��ixb�t �k��ix�H�a`Zr�ea�k�
� y/n?rs|�ixr�b�`cm �a³,rs^3tv^3·�du� µadub�n�^3�amcn��k�9rs|cd ���v^3mcd b�duj��am,n�rsb�`cjur�^'�am ju�Z�cd\ikm,� ^3tv³��an�d¶~'�¨�an�d
j�`Zrsnw�am r�|cd²b�duj��amcnqrsb�`cjur�d��¶d«µad�m�r�n�f/h}|,d´�"e�ik~'_a�kb�^3r�|ct�n/^'m,j�~'`,�cd�rsb�ikj�l?b�duj��amcnqrsb�`cjur�^'�am��cr�bsikj�l
tvixrsj�|c^3mc_¹±�^­rs|�j�ik~'�kb�^'t�dur�d�b"d�m,d�b�_xp´ju~'`cnqrsd�b�n��Fikm,��t�`c�am´n�rs`,� b�d�ju�amcnqrsb�`,jurs^3�am�f	��m´_ad�mcdubsik~��krs|,d
�"e�r�b�^'_k_ad�b�tviklkdun�`cn�d��k�8ik~3~£�cdur�d�j«rs�ab�^3m,���ab�t�ixr�^'�am r���b�d�j��kmcn�r�b�`cj«r{duµkd�m�rsnuf /	µad�m�r�n{ikj�jud�³,r�d��
ixrw�"eoikb�d{±�b�^3r�r�d�m?rs���c^3n�l iªrwr�|cd²bsixr�d{�k� A>2 )¹·kf
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]@^'_a`,b�d{e,f = � y*z{]&rsb�^'_a_adub*n�p¨nqrsd�t f
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/	µadumFr�_ad�mcdubsixr�^'�am\^'n9ikm ^'t�³H�kb�r�ixmFr9ixn�³�d�jur��k�*r�|cd�¯ t�ixn�n�ikm�ik~­pZn�^'n²�cdun�³c^­rsdvr�|cd�b�d�~'ixrs^­µadu~3p
n�tvik~3~@tvik_amc^­rs`c�cd �x�Ir�|cdon�p¨n�r�d�tvixrs^3j�`,mcj�dub�r�ix^'m�rs^3d�n9ikn�n��Zju^�ixr�d�� ±�^3r�| ^3r�f h}|,dvb�d�ikn��am ^3n�rs|�iªr
rs|,d}`cmcj�dub�rsik^'m�rs^3d�n8ikb�^'n�^'mc_���b��at d«µadumFrI_adumcd�b�ixrs^3�amo_ad�mcdubsik~3~3p9�c�²mc�kr8n�j�ik~3d*±�^3r�|�^3mcj�b�d�ikn�d��o��ixrsi
n�rsixrs^3n�r�^'j�nu��ikmc� rs|cdub�du���kb�d²±�^'~'~>duµadum�rs`�ik~3~3p�ju�atvd{r��v��d��kmcd²�k�@r�|cd��,�atv^3m�ikm�r�`cmcjud�bqr�ik^3mFr�^'dun¹^3m
��`,r�`cb�d²|c^3_a|cd�b}nqr�ixr�^'nqrs^'jun}tvd�ikn�`,b�d�t�d�m�r�n¹�k�$rs|,d´¯ t�ixn�n�� ��e���f

��m�i��cb���ix� n�d�m,n�dk��r�|cd�b�d�ikb�d/r�±I�²b�du~'duµxikm�r8ixn�³�d�jur�n8�k��duµadum�rI_kd�mcdubsixr�^'�am ��� /8z ³c|�pZn�^'junIixmc�
� y*z ³c|�p¨n�^'jun�f � /8z ³c|�p¨n�^3j�n�dumcj��ktv³�ixn�n�dun�³cb��Zjud�n�n�d�n{n�`cj�| iknE³,|c�krs�km¶bsik�,^�ixr�^'�am¸ikmc��/ ���
j��kb�b�dujur�^'�amcnwikm,� � y*z ³c|�pZn�^'jun¹^3mcj�~3`c�cd�n}³,b��¨j�d�n�n�dunEn�`,j�|¶ikn�_a~3`c�am?bsix�c^�ixr�^'�am>f

� d¹�Hdu_a^'mv��p�_adumcd�b�ixrs^3mc_´~'ikb�_kd '¸�kmFr�d{y*ikb�~'��nsikt�³c~'dunI�x�$¯ duµadum�rsn}^'mv�ab��,d�b8rs��ju�amcn�r�b�`cj«r
rsdutv³,~�ixr�d�n}rs|�iªrEixb�d²`cn�du�¸r��@�crwrs|,d9�cixr�i ���ab}rs|cd�¯ tvikn�n�f6� d²`cn�d9rs|cd²_adumcd�b�ixrs�kb���/D� �}�²�
� �<2 �}rs�\j�b�d�ixr�d¸n�ikt�³c~'dun��x�!����"! ¯ ! #%$ duµkd�m�rsnuf&�4/D� �}�²� ^'mcju~'`c�cdun('¹d��¨rq° rs�ª°��£d�ik�,^'mc_x°
��b��cdub4�%'E�$� �	³cb��¨j�dun�n�d�n/n�`cj�| ixnI_a~3`c�amobsix�c^�ixr�^'�am�rs|�ixrD_a^­µad�b�^3n�d}rs�9i²mc�amZ° ·�dub�� �*)� n�³Hdujursb�`ct f
��m ik�c�,^3rs^3�am���^3rE`cn�dun²i�rsd�j�|,mc^ �F`cd j�ik~'~3d�� n��k��r�° _a~'`,�am¶b�dun�`ct�tvixrs^3�am���±�|c^'j�| ik^3�cnE^3m¶t��Z�cdu~'~3^'mc_
rs|,d�~'��± ��� n�³�d�j«rsb�`,t rs|cixr{^'nEb�d�~3duµxikm�r����ab¹�a`cb�t�d�ixn�`cb�d�t�d�m�r{�k�8rs|,do¯ tvikn�n�f � d�ikj�ju�a`cm�r
���ab � /Dz¬³cb��¨j�dun�n�d�n `cn�^'mc_�rs|cdv³cb��k_absikt � �+� � z�� ��?�����±�|c^3j�|&j��am�rsik^'mcn-,��%. �{d�~3d�j«rsb���±Id�ikl
j��kb�b�dujur�^'�amcn}r���¯ ! #/$?^'mcju~'`c�c^3mc_oi b�d�ik~ ��m�ix~£n�r�iªrsd²³c|c�kr��am�f

��m rs|c^3n;j�|�ik³,r�d�b	±Idw�,^'n�ju`cn�n;r�|cd}³c|�p¨n�^'junDikn�n��Zju^�ixr�d�� ±�^3r�| �H�kr�| � y*z ikm,� � /8z ^'m�r�`cb�m��Fixn

e �
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±Id�~'~¨ikn�³cb�dun�dumFr�rs|cdIn�p¨n�r�d�tvixrs^3jI`,mcj�dub�r�ix^'m�rs^3d�n@�km�rs|,d*¯ tvikn�nuf � ikb�r��am��c^3n�r�b�^'�,`,rs^3�am{��`cmcjur�^'�am,n
� � z{]@n'�{ikb�do�c^3n�j�`,n�n�du� ixr²rs|,dvdumc� �k�Drs|,^'n²j�|�ik³,r�d�buf '¹�kr�d rs|�ixr9^3m r�|c^'n²j�|�ix³,rsdub��@b�d�n�`c~3r�n²���kb
rs|,d�du~'d�j«rsb��am¸j�|cikmcmcdu~@ikb�d²³cb�dun�d�m�r�d�� �am d��F`�ik~£���¨�krs^3mc_ ±�^3r�| r�|cd�t´`c�am j�|�ikmcmcdu~�fIh}|cd�b�d�ikn��am
��d�^'m,_ rs|�ixrErs|cd ³cb��Zjud��c`,b�d ���ab�_adumcd�b�ixrs^3mc_?duµkd�m�rsn�ikmc� dun�rs^3t�iªrs^'m,_�n�p¨nqrsd�tvixr�^'j `cmcjud�bqr�ik^3mFr�^'dun
^'n9rs|cd�nsikt�d����ab��H�kr�|�f ��m ik�c�,^3rs^3�am��$rs|cd?du~'d�j«rsb��am&j�|�ikm,mcd�~*b�d�n�`c~3r�n ³cb���µ¨^'�cd�t�ikm�p µxik~'`cik�c~'d
j��ktv³�ixb�^'n��amcnwrs��r�|cd�t�`c�km¶j�|�ikmcm,d�~�f � ~'n������abEju�at�³�ikb�^3n��am¸³c`cb�³H�an�d�n�±Id ³cb���µ¨^'�,d�b�dun�`c~­rsn¹���kb
ik~3~Hrs|,b�d�d´¯ tvikn�n �cr�µkixb�^�ix�c~'dun � ���$�	� )� ��
 : � �«f

��
�� ����� ��������� ���

��m ³�iknqrvt�d�ixn�`cb�d�t�d�m�rsno�k��rs|,d ¯ tvikn�n � �<A ��� � /8z bsik�,^�ixr�^3µad�j��ab�b�d�j«rs^3�amcn�±Id�b�d¸ikjuj��a`cm�r�d��
���ab}µ¨^�i�i �/dub�dumc�cn�ixmc� �{~'du^'n�n � ��!��$j�ik~'ju`c~�ixr�^'�am>fDh}|,^'nw^'mcju~'`c�cdu� �am,d�b�d�ik~"³c|c�xrs�am ^'m rs|cd ��m�ik~
n�rsixrsdx�£ikmc� `,n�d��\ik³,³cb�� �Z^'tvixrsd�j�ik~3j�`c~'ixrs^3�amcn����abEr�|cd�n��x��r²ikmc�¶µ¨^'bqrs`�ix~$r�d�b�t�n�f²h}|cd ^3tv³cikjur¹�k�
i n�duj��am,�&��mcik~	n�rsixrsd ³,|c�krs�km ±/ikn�r�b�d�iªrsd�� `cn�^'mc_?r�|cd ³cb��k_absikt � )���hw�²� �5��= ��f�h}|cd�n�d � /8z
bsix�c^�ixr�^3µkd�du®Hd�j«rsn}±/dub�d9mc�kr�^3mcj�~3`c�cd���^3m rs|cd�¯ t�ikn�n �cr�r�^'mc_ r�d�t�³c~�ixr�d�nu�,^'m,n�rsd�ik� i j��ab�b�d�j«rs^3�am
±/ikn¹tvik�cd�r�� rs|cd �cr�rsd�� ¯ tvikn�n�r���ikj�ju�a`cm�r����ab*rs|cdut¸f

��m�rs|,^'nDikm�ik~­p¨n�^'nu��±/dwrsb�d�ixrDrs|cdwb�du~'duµxikm�r � /Dz ³cb��¨j�dun�n�d�n*t��ab�d�rs|,�ab��a`,_a|c~3p��Fp�tviklF^'mc_²`cn�d
�k�}r�|cd ,��%. ��'¶y _adumcd�b�ixrs�ab�� �+� � z r��¶_ad�m,d�bsiªrsd?¯ ! #/$&ikmc� ^'mcju~'`c�c^3mc_¸r�|cd�d«®>dujur�n��k�
� /8z b�ik�c^�iªrs^'�km?^'m rs|,d9~3^'mcdun�|�ix³Hdunw�x�@�a`,bw¯ tvikn�n��cr�rs^'m,_or�d�t�³c~�iªrsd�nuf

h}|c^'nIn�dujurs^3�am�^3nI�kb�_�ikm,^'·�du��ixnI���a~3~'��±�n � ±/d4��b�nqr/�c^3n�ju`cn�n/r�|cdw³c|�pZn�^'jun*�Hdu|c^'m,�-� ��� � z ixmc�
n��ktvd�^'n�n�`cd�nEb�d�_aikb��c^3mc_�`cn�^3mc_;� ��� � z ixn�ikm¶d«µadumFr²_kd�mcdubsixr��ab�f � d�rs|cdum¶^'m�µadun�r�^'_�ixr�d´n�|c^3��r�n
^'m�rs|,d ¯ tvikn�nwj�ix`cn�du�¶��p µxikb�^'�a`,n � /8z ³cb��Zjud�n�n���^'mcju~'`c�c^3mc_ rs|cd�j�|�ikmc_kd�n¹r��vr�|cd�~3^'mcdun�|�ix³Hdun
�k�Irs|cd1�cr²µxikb�^'ik�c~'dun�f�h}|cd�m&i ³cb��Zjud��c`,b�d�^'n²�a`,r�~'^'m,d�� ���ab²j��at´�c^'mc^3mc_ � /Dz¬j��ab�b�dujurs^3�amcn{±�^3r�|
rs|,dErsdutv³c~'ixrsdun/`cn�d�� r��*�cr/r�|cd²¯ t�ixn�n�f � d��cb�^'d"!cp�tvdumFr�^'�am i´n�r�bsixr�d�_kp����ab/t��¨�cd�~3~'^'m,_ � /8z
���ab$# duµkd�m�rsnufD]@^'m�ix~'~3p{±Idwn�`ct�t�ixb�^'·ud}ik~3~Zrs|,dwn��a`cb�j�d�n8�k�Hn�p¨nqrsd�tvixr�^'j}`cmcjud�bqr�ik^3mFr�p�ixb�^'n�^'mc_¹��b��at
� /8z�f
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� ��� � z j�ik~'ju`c~�iªrsd�nE¯ ���an��am¸³cb��¨�c`cj«rs^3�am¶ikm,� �cduj�i�p¸±�^­rs| , �/. �}d�~'dujur�b���±/d�ikl j��ab�b�d�j«rs^3�amcn�f
� r?^3mcj�~3`c�cd�n�rs|cd b�d�ix~E³c|c�xrs�am ju�am�rsb�^3�c`,r�^'�am��I±�|c^'j�| j�ixm j��at�d ��b��at �amcd¶�k�{r�|cb�dud r�p¨³Hdun?�k�
bsix�c^�ixr�^'�am � bsik�,^�ixr�^'�am �k®\rs|cd�^'mcju�atv^3mc_%�¨`cikb�lFn@���q� �7� �Hb�ik�c^�iªrs^'�km¸�k®\rs|,d
��m�ik~$n�rsixrsd´j�|�ikb�_kd��
~'du³,rs�km ��];� �4�«�H�ab�b�ik�c^�iªrs^'�km �k® rs|cd ³cb��a³�ik_aixrs�abuf���m _kd�mcdubsik~��>rs|cd j�ik~'ju`c~�iªrs^'�kmcnE^3m�� �+� � z
ikb�d j�ikb�b�^'du� �a`,r{��p¶���kb�t�^'mc_v_�ik`c_ad ^3m�µkixb�^�ixmFrEn�d«rsn²�k�8µxikb�^3�a`cnEr�p¨³�d�n²�k�Dj��ab�b�dujurs^3�amcnuf´h}|cd�¯
�cduj�i�p j�ixm���d?n�du~'dujursdu��ikn d�^­rs|cdub´rs�¶r�|cd?d�~3d�jur�b��am �ab´t�`c�am j�|�ixmcmcd�~�f ��mcd?|�ixn�rs|cd?�a³Zrs^'�km
�k�¹b�`cm,mc^'mc_.� ��� � z ^'m µxikb�^3�a`cn t��Z�cdun � �q� � �am,~3pa�I];� � �amc~3p ��`cn�^'mc_ rs|,d ��`c~3~/rsb�d�ixr�tvdum�r
�ab�`,n�^'m,_�rs|cd	�Id�b�dumc�cn²ikm,� �²~3d�^3n�n{ik³,³cb�� �Z^'tvixrs^3�am � ��^3m�rsd�bq��d�b�d�mcjud �amc~3p ��r�|�ixrE^'n��>^'m�rsdub���d�b�d�mcjud
rsdub�t�n���dur�±Id�d�m ];� � ikmc� �q� �4�«�>��`,~'~ � /8z��>�kb�~'d�ik�c^'m,_ �ab��,d�b1����� � ��^�f dkf��/�ab�m ~'duµkd�~	³,b��¨j�d�n�n
�amc~­paf&h}|,d�n�d n�±�^­rsj�|cdun�ixb�d�`cn�d«��`c~}^'m�ikmcik~3p¨·�^3mc_¶rs|,d?^'t�³�ikjur��k�¹r�|cd?µxikb�^3�a`cn�r�p¨³Hduno�k� � /8z
bsix�c^�ixr�^'�am�^'m,�cd�³�d�mc�,d�m�rs~­paf '¹�xrsd¹r�|�ixr6� �+� � z �c�¨d�nImc�kr*ju�am�r�ik^3m?ikm�p � y*z j��ab�b�d�j«rs^3�amcn*ixmc�
rs|F`cn¹ik~3~>duµkd�m�rsn¹|�i�µad �*)� � �,f

� �+� � z ^'n}��ixn�d����am i�t��Z�,^ ��du��µadub�n�^3�am �k�"� /(� � � � � � ��f;h}|,d�b�d9ikb�d�r�±/�onqr�ik_adun�^'m rs|,d
j�ix~'j�`,~�ixr�^'�am �k�"¯ duµkd�m�rsn/±�^­rs|1� �+� � z � i �cb�n�rI³�ikn�n/^3m�±�|c^3j�|vr�|cd¹^3m�rsd�_kbsixr�^'�amo_ab�^'��t�ik³,n8r��
³�d�iklFnw^'m?rs|cd9j�b��an�nwn�dujur�^'�am���r�|cd�m¸i�n�d�ju�amc�¶³�ixn�nw^'m?±�|c^'j�| i ³cb�duj�^'n�^'�am j�ix~'j�`,~�ixr�^'�am?^3n}j�ikb�b�^'du�
�a`,r�ikmc�¶d«µadumFrE±/du^'_a|�rsn�ikb�d�_ad�mcdubsixr�d���f�� d�`cn�d�iv³cb��Zjud��c`cb�d´rs��`cm�±/du^'_a|�rEr�|cd�d«µad�m�r�n{n���±Id
j�ixm `cn�d4� �+� � z ikn/ikm duµkd�m�r�_adumcd�b�ixrs�ab � � � ��f;h}|c^'nI^'m�µa�a~­µadun*n�r��ab�^3mc_�r�|cdEtvi#�Z^'t�`,t ±/du^'_a|�r��

������� �;d�ikj�| rs^'t�dors|cd?³cb�d�ju^'n�^3�am&j�ik~'ju`c~�ixr�^'�am ^'n�³Hdub����ab�tvdu��f h}|cd�m t�`c~­rs^3³c~'d�j�ik~3~'n�ikb�d�t�ik�,d
rs� r�|cd�^'m�rsdu_absixr�^'�am b��a`,r�^'mcd�ikm,��r�|cd�j�ik~3j�`c~'ixrsdu� ±Id�^3_a|�r�� � �D^'n ju�atv³cikb�du��r�� ����� � f � �Ers|,d
���a~3~'��±�^'mc_´j��amc�,^3rs^3�am?^'n}n�ixrs^3n ��du� r�|cd²duµkd�m�r�^3n ��`cm�±/du^'_a|�r�d�� �c��^�fgdxf;b�duj�d�^­µadunE`cmc^­r}±/du^'_a|�r��

� � �������"!�# � �%$ � � � � f ���

±�|cdub�d # � �%$ � �@^'n{i b�ikmc�c�at mF`ct���d�b{��dur�±Id�dum �?ikm,� �kf´�¨^'mcjud � ^'n�`,n�`�ik~3~3p �F`c^3r�d�n�tvik~3~�rs|,d
`cm�±Id�^'_k|Fr�^'mc_�³cb��Zjud�n�nw^'n�n�~'��±²f /;µkd�m�rsnwrs|�iªr¹|ci�µkd �&!'����� � tvi�p?_adurwnqrs�ab�d�� t�`c~3r�^'³c~3dErs^3tvdun�f
� n�tvik~'~$��bsikj«rs^3�am �k�D±/du^'_a|�rsn9_adumcd�b�ixrsdu� ikb�domcd�_�iªrs^3µkd �)( �,� � 2+*@� �$r�|cd�n�dvd«µadumFr�n�ikb�d rsb�d�ixrsdu�
rs|,d9n�ikt�d²ikn�³H�an�^3r�^3µad�±Id�^3_a|�rwduµadum�rsn���|c��±Iduµadub���^3�$n�r��ab�du� b�d�j�du^3µkd�i ±Id�^'_k|Frw�k�"°�� � � � ��f
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��m�� �+� � z��Zi�j�`,r}^3n/tvik�cd¹�am�rs|,d�d�mcdub�_kp��k�£rs|,d�³c|c�kr��am?^'m��ab��cdubIr��oi�µk�a^'���c^3µkd�b�_kd�mcjud�n
ikn 
��+! �,f8h}|cd²³c|c�kr��am d�mcdub�_kp?ju`,r���ju�am�rsb��a~'~3d�����p rs|cd²³�ixbsikt�dur�d�b�������^'n}_k^3µadum¸��p


�� ! ����� �	 � � � � f � �

±�|cdub�d 

��^3nIrs|,d{d�mcdub�_kp?�x�£rs|cd{dutv^­r�rsdu�?³c|c�kr��am?^'m r�|cd�³�ixb�rs�kmZ°�³�ixb�rs�km?j�d�m�r�d�b��k�$t�ixn�n/��b�iktvd
ikmc� � �	 ^'n*r�|cd²³�ikb�r��amc^3j{j�d�m�r�d�bq° �k��°�tvikn�nwdumcd�b�_kpaf

y/|c�a^3j�d�n �k�����?ix®Hd�j«r?rs|cd\mF`ct���d�b��k�9rs|cb�d�d ���Z�,p(��m�ik~{nqr�ixr�d�n �%#�$�� � _adumcd�b�ixrsdu��f ]��ab
d��,ikt�³c~3dk�D^'m ��`c~'~ � /8z tv�¨�cdk�
��� � ���g�������ab�rs|cd�t�`,�am j�|cikmcmcdu~w_k^3µadun�ik�H�k`,r � � * �x�Ers|,d
��m�ix~	n�rsixrsdun�±�^3rs| i ³,|c�krs�km ��±�|cd�b�d�ikn���� � �,� �a� ��_a^3µkd�n²ik���a`,r � � * �k�8rs|cd*��mcik~@nqr�ixr�d�n�±�^3r�|
i ³c|c�kr��am�f � ���*�k�@�,fg�a���²j��kb�b�dun�³��amc�cn�rs�vi tv^3mc^'t´`ct ³c|c�kr��am¸dumcd�b�_kp��k�@ik³c³cb�� �,^3t�iªrsd�~­p��<2x�
'¸d«��f � d9d �,iktv^3mcd{rs|cd²^3tv³�ixjur}�k�$rs|,d9j�|,�a^'jud9�x�����/�am�rs|cd²t�d�ikn�`cb�du�¶¯ t�ikn�n�~�ixr�d�b�f

h}|cd�b�d ikb�d´mF`ct�d�b��k`cnE��d�iªrs`cb�d�nE�x� � �+� � z rs|cixrEju�a`c~3�¶³H�xrsd�m�r�^�ik~3~3p?��d´^3mFµkd�nqrs^'_aixrsdu� ��`cbq°
rs|,d�b��H|c��±/d«µadub������abw�a`cb¹³c`cb�³��an�d�nE±Id ikb�d´j��kmcj�dub�mcdu� ±�^­rs| rs|cd�d«®>dujurE�k�8^'mcju~'`c�,^'mc_ � /Dz j��ab�°
b�dujur�^'�amcn*µ¨^'i � �+� � z �am?r�|cd �cr}µxikb�^'ik�c~'dun*`cn�d��¸r��od��¨rsb�ikjur�rs|,d´¯ t�ixn�n�f8]�^'_a`cb�d � f �²n�|c��±�n
rs|,d �")� ikmc� ���� �c^'nqrsb�^3�c`,r�^'�amcnI���ab}d�~3d�jur�b��am,n�ikmc� t�`c�amcnwixr �I�ab�m�~'d«µadu~"ikmc� ^'mcju~'`c�c^3mc_ ,��%. �
d�~3d�j«rsb���±Id�ikl ju�ab�b�d�jur�^'�am,n9µ¨^�i�� ��� � z�f /;~'dujur�b���±/d�ikl\j��ab�b�d�j«rs^3�amcn²b�du�c`cj�dvrs|cd�|cd�^3_a|�r9�k�*rs|,d
�aikju�a�c^�ixm\³�d�ixl¶^'m ���krs| �c^3n�r�b�^'�,`,rs^3�amcn�f �Z^'mcjudoj��ab�b�d�j«rs^3�amcn²ikb�d��x�/�ab��cd�b{~3m � � �	 ��� �� �-� ��?��;rs|,d
du®Hd�j«r²^'n{~'ikb�_adub¹���ab¹rs|cd du~'d�j«rsb��am j�|�ikmcm,d�~�f � |c�krs�km ]	� � b�d��c`cjud�n²rs|cd ^3m�µkixb�^�ixmFrEt�ixn�n��k�Drs|,d
# $on�p¨n�r�d�t �Zr�|¨`,n/n�|,^3��rs^3mc_{rs|cdw~'�¨j�iªrs^'�km �k�£duµkd�m�rsnI��b��at r�|cdE³�d�ixl b�d�_k^'�am�^'m��H�xrs|��c^'nqrsb�^3�c`,r�^'�amcn
rs��~'��±Id�b�µxik~'`cdun�f '¹�kr�d9r�|�ixr�rs|cdun�d�j�|�ikmc_adun�ikb�d²n�^'_kmc^ ��j�ikm�rw^'m�rs|cd � )� ��?a�ª° =k���{du� :�� � �wixmc�
���� ��ea�ª° � 2 �{du� : � �/b�d�_a^3�amcn*rs|cixrwikb�d²`cn�d�� ���ab}d��¨rsb�ikjur�^'mc_ r�|cd�¯ tvikn�nuf


�������� � ��������� ��� 
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��m �ab��,d�bEr��?_�ik`c_ad´|c��± µxikb�^'�a`cn � /8z ³cb��Zjud�n�n�d�n²^'t�³�ikj«r��a`,b{tvd�ikn�`cb�d�t�d�m�r{�k�8r�|cd�¯ tvikn�n
±Id `,n�d�rs|cd?��iknqro�cdur�d�jur��abon�^3t�`c~�iªrs^'�km&�cd�n�j�b�^'��d���^'m j�|�ik³,r�d�b@? ikmc� rs|cd��cr�rsdub �cd�n�j�b�^3�Hdu� ^3m
j�|�ik³Zrsd�b@!,f )¹��±Iduµkd�b��/^'mcnqrsd�ix� �k� �cr�r�^'mc_ ��iªr�i¶rs�¶r�|cd?|c^'_k| n�r�iªrs^'nqrs^3j�n´r�d�t�³c~�ixr�d�n�_kd�mcdubsixr�d��
��p rs|cd ��iknqr9n�^'t´`c~�ixr�^'�am>�H±Idv^3mc³c`,r�i '¸�am�rsd�y*ikb�~'� ����ixrsi ����~'d ±�^­rs| d��F`�ik~3~3p |c^'_a| nqr�ixr�^'n�r�^'jun
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]@^3_a`cb�d � f � � /	®>dujur��k� ,��%. �Ddu~'d�j«rsb��¡±Id�ixl�j��kb�b�dujur�^'�amcn/�am�� )� ikmc� � �� �c^3n�rsb�^'�c`Zrs^'�kmcn�f���m?�H�kr�|
j�ixn�d�nu��rs|cd²|cdu^'_a|�r��k��rs|cd �aikju�a�c^�ixm?³Hd�ikl ^'n}b�d��c`,j�d��>f/]@^3_a`cb�d�n*r�ixlkd�m ��b��at��5� ?���f

rs�v³Hdub����ab�t rsdun�rsn¹�k�;_adumcd�b�ixrs�kb¹~3duµadu~�³,b��¨j�d�n�n�dun���^�fgdxf*±/d�t�iklxd '¸�kmFr�d y*ikb�~'�ors� '¸�am�rsd�y*ikb�~3�
j��ktv³�ixb�^'n��amcnuf�h}|c^3n�rsduj�|cmc^ �F`cdo^3n�`cn�du�\r�|cb��k`c_a|c�a`Zr�rs|cd�¯ tvikn�n²ikmcik~3p¨n�^3nErs�?_aik`c_ad�µxikb�^'�a`cn
n�p¨nqrsd�tvixr�^'j²`cmcjud�b�rsik^'m�r�^'d�nuf

��m rs|,^'n9³�ikb�r�^'ju`c~�ikb{j�ikn�dx�@±Id�^'m,³c`,r�_ad�mcdubsixr��abq° ~'d«µad�~ � ��� � z ixr´~3d�ik�,^'mc_��ab��cd�b;���$� �{r��
rs|,d²��ixn�rwn�^3t�`c~�iªrs^'�km�rs�oj��kmcn�r�b�`cj«r�ion�dub�^'dun��k�@r�d�t�³c~�ixr�d�n}��dur�±Id�dum�!a�oikmc� !�� �²d«� :�� ��f8h}|cd�m>�
^'m�³c~�ikjud��k�$ikm�ixjurs`cik~>��iªr�i
��~3dE±/d{^3mc³c`,r*i�n�^3t�`c~�iªrsd�����ixr�i���~'d�ju�amcn�^'n�r�^'mc_´�k�$_ad�mcdubsixr��abq° ~'d«µad�~
� ��� � z ±�^3r�|�ikm?^'m,³c`,rw¯ t�ixn�n*�k� !a�Zf � 2x� �²d«� :�� �}±�^3r�|?n��at�d � /8z�d«®>dujur�n}^'mcju~'`c�cdu���cdxfg_cf
];� �²�£�q� �²��d«rsjxf;� dvik~3n�� ³Hdub����ab�t i �cr9`cn�^'mc_ i¸�$� n�^3t�`c~'ixrsdu� ��iªr�i���~'dxf h}|c^'n9³cb��¡µ¨^3�cd�n�i
��ikn�d�~3^'mcd����ab�t�d�ixn�`cb�^'mc_ rs|cd n�|c^3��r�n���b��at rs|cd��krs|cdub´³cb��Zjud�n�n�d�nuf�� d@��mc�&r�|c^'n��cr�ju�atvdun´�a`Zr
j��kmcn�^3n�rsdum�rD±�^­rs| rs|,dw^3mc³c`,rI¯ tvikn�n8�k� !a�,f � 2k� �{du� :�� �/ixr;r�|cd�2 '¸du� :�� �/~'d«µadu~���^'m,�c^'j�ixrs^3mc_Ers|,d
�cr�rsd�bEikmc�¶n�^'t�`,~�ixr�^'�am ikb�d´`cmF�c^'ikn�du� ixr¹r�|c^'n¹~'d«µad�~�f �/ikn�du�¶�am r�|c^'nw±/d iªr�rsb�^'�c`Zrsd�i�2 '¸d«� :�� �
n�p¨nqrsd�tvixr�^'j\`cmcj�dub�rsik^'m�r�p rs��rs|cd\n�^3t�`c~'ixrs^3�am ikmc� �cr�r�d�buf � d rs|,d�m �a�,n�d�bqµad\rs|cd\�c^3®Hd�b�d�mcjud
��dur�±Id�d�mvrs|cd �cr�r�d�� ¯ t�ixn�nDikmc�ors|cdw��ikn�d�~3^'mcd*µxik~3`cd}rs�9�cdur�d�b�t�^'m,d�r�|cdw^'t�³�ikjur	�k�>r�|cd¹³,b��¨j�d�n�n
^'m �F`cdun�rs^3�am�f
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� rwn�|c�a`,~'� �Hd²mc�kr�d�� rs|�ixr�� �+� � z �c�¨d�n�m � rw³cb���µZ^3�cd9i�b�d�ik~3^'nqrs^'jE�cd�n�j�b�^3³,rs^3�am �k�;¯ duµadum�rsn
n�^3mcj�d�^3r¹³cb��¨�c`cjud�n²¯ ���an��kmcn¹±�^­rs|¶mc�vrsbsixmcn�µkd�b�n�d tv�ktvdumFr�`ct f )w��±/d«µad�bu�£^3r¹^'nwn�` � ju^'d�m�r����kb
rsdun�r�^'mc_�rs|cd�^'t�³�ikjurw�k� � /8z ik~'�am,dk��ikn�n�`ct�^'mc_�rs|cd � /8z d«®>dujur�nEj�ixm¶�Hd9�cduj��a`c³,~'d��¸��b��at rs|,d
� y*z�f�� d �cmc� ^3m?n�d�j«rs^3�am � f e�rs|cixr�rs|c^3n}^'n*rsb�`cd{���ab*rs|,d �,�¶b�d�_a^3tvd�±Id9ikb�d²^'m�r�d�b�dun�r�d�� ^3m�f

� d���m,�vn�|c^3��r�n;�am rs|cd��ab��cd�b;�k� 2 '¸du� :�� �D��b��at r�|cd���ikn�du~'^3mcd/µxik~'`,d�n	±�|cdum�`cn�^'mc_²�q� �*°��am,~3p
ikmc� ^'m�r�d�b���dub�dumcj�d °��amc~­p ��iªr�i ��n�dud²h@ik�,~'d � f �²���kb�ik~'~ �crwb�d�n�`c~3r�n�� f

� b��¨j�dun�n ]@^­r}h8pZ³�d �Z|,^3��r0��9 j�|�ixmcmcd�~ � ��'¸d«� :�� ��� �¨|c^3��r0����j�|�ikm,mcd�~ ��� '¸du� :�� ���
��� �$A ) e � � ) e
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h�ik�c~'d � f � � �Z|c^­��rsn´^3m rs|,d?¯ t�ixn�n´�,`cd�rs�¸µkixb�^'�k`cn � /8z ³cb��¨j�dun�n�d�n�f �q� � ikm,� ^'m�rsdub���d�b�d�mcjud
n�|,�¡± ~3^3r�r�~'d²du®Hd�j«r{�am r�|cd0�,r�rsdu� t�ixn�n�fE];� ��j�ik`,n�d�n{~'ikb�_kd�n�|c^3��r�n¹rs��~'��±/dubEtvikn�nwµxik~'`cdun�f¹h}|cd
�$� �crw³cb���µZ^3�cd�nwioj��am,n�^'nqrsdumcjup�j�|cduj�l��k��r�|cd{��ikn�r�n�^'t�`,~�ixr�^'�am�f
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]��ab9r�|cd�n�d�n�dursn´�k�*n�^'t�`c~'ixrsdu� �cixr�i,�$±/d�µxikb�^3d�� r�|cd1� �+� � z ³�ikb�ikt�dursdub����{�¡µkd�b´i ±�^'�,d
bsixmc_ad � �������$rs�
����������ixmc�����a`,mc��mc��n�^'_am,^ ��j�ikm�r@j�|�ixmc_ad�n@^'m�r�|cd/tvik_am,^3rs`,�cd8�k�crs|,d/tvikn�n�n�|c^­��rsn�f
�*ikn�d�� �am¶r�|cd�n�d1�cmc�c^'m,_anE±Idviªr�rsb�^'�c`Zrsd�i 2 ' du� : ���9n�p¨n�r�d�tvixrs^3j�`cmcjud�bqr�ik^3mFr�p¸��b��at �q� � ixmc�
^'m�r�d�b���dub�dumcj�dxfD��m ik�c�c^­rs^'�km��Fn�^'m,j�d��q� � ikmc� ^3m�rsd�bq��d�b�d�mcjud{ikb�dEn�tvik~'~�d«®>dujursn}��µkd�b/±�^3�cd�bsixmc_ad�nI�k�
��� ��ikm,� _k^3µadum rs|�iªrw];� � ^3n/rs|,d{�c�at�^'m�ikm�r}d«®>dujur}±�^­rs|�b�dun�³�d�jur}r�� rs|cd$�cr�rsdu� ¯ tvikn�nu�,±/d²`cn�d
�amc~­p\];� � ^3m �a`cb²^3tv³c~3d�t�d�m�r�iªrs^'�km �k� � ��� � z�f '¹�xrsdors|�ixr9rs|,d �/dub�dumc�cn ikm,� �{~'du^'n�n-��� ���
ik³c³,b�� �Z^'tvixrs^3�am¸�x�8];� � � ��!,� �>� ���H±�|c^3j�|¶^'n¹^'mcju~'`c�,d��¶ixn�ikm¶�k³,rs^3�am �k� � �+� � z���^'nEn�` � j�^3d�m�r
���ab9n�r�`c�,p¨^'mc_ ];� � n�p¨nqrsd�tvixr�^'j�d«®>dujur�n � � e���f ��m\rs|cdvj�ikn�d��k�}];� � ikmc� ];� � ��� ��� �$n�|c^3��r�n9r��
~'��±Id�b*��d�nqr�° �cr¹¯ tvikn�n/µxik~'`cdun}ikb�d{�a�cn�dub�µkd�� �c`cd�rs��r�|cd�j�|�ixmc_ad�n�^3m rs|cd�~3^'mcdun�|�ix³Hdun*�k�"rs|cd$�,r
µxikb�^'ik�c~3d�n���b��kt rs|cd�bsik�,^�ixr�d��\³c|c�kr��am�f h}|cd�n�|,^3��r�^'n²n�tvik~'~3d�bE���kb9r�|cdvdu~'dujursb��am\j�|�ikmcmcdu~/n�^'mcjud
j��k~'~'^3mcd�ixb�³c|,�krs�am,n�_adurot�d�b�_ad�� ±�^3rs|&r�|cd?d�~3d�j«rsb��km d�mcdub�_kp j�~'`,n�rsdub�f ��m _ad�m,d�bsix~��	rs|,d�
 : � �,r
|�ikn¹n�tvik~'~3d�b�n�|,^3��rsn�rs|cikm rs|,d ���\�ab � )� �cr�nE��d�j�ix`cn�d´±�^3�cd«°�ikmc_a~3d�³,|c�krs�kmcn�ikb�d�ik�,�cd�� r���rs|,d
|�ik�,b��amc^3j{b�duj��a^3~£ikmc��rs|F`cn�^'m,j�~'`,�cd�� ^'m r�|cd 
 : � j�ix~'j�`,~�ixr�^'�am�f

)Ei�µ¨^'mc_ ^'n��a~�ixr�d�� ];� � iknors|cd¸�amc~­p � /8z ³,b��¨j�d�n�nvr�� ^'m,j�~'`,�cd¸^3m �k`cb ¯ tvikn�n@�cr�n��*±Id
mc��± ^3mFµkd�nqrs^'_aixrsd�µxikb�^3�a`cn8n�p¨n�r�d�tvixrs^3j�`cmcj�dub�rsik^'m�rs^3d�nD³H�xrsd�m�r�^�ik~3~3p ixn�n��¨j�^'ixrsdu��±�^­rs|�^3r�f8��mcd�n�`cj�|
³��an�n�^'�c^3~'^3r�p�^3n rs|cd b�du~�ixr�^'�am �Hd«r�±/dud�m r�|cd ];� � n�|c^3��r ixmc� rs|cd ���v³�ikbsixtvd«rsd�buf¬�Z^'m,j�d duµkd�m�r
_adumcd�b�ixrs^3�am ���ab*� �+� � z ];� � ^3n�µadub�p y � � ^'m�rsdumcn�^­µadk�D±/d�`cn�d ]	� � ��� �0��r�� ^'m�µadun�rs^3_�ixr�d
rs|,d n�p¨n�r�d�tvixrs^3j¶`cmcjud�b�rsik^'m�r�p �c`cd¶rs� ���«f ]@^3_a`cb�d � f � n�|c��±�n rs|,d¶µkixb�^�iªrs^'�km ^'m rs|cd n�|c^3��r�ixn
i¶��`cmcj«rs^'�km��x� �������ab ���krs| t�`c�kmcn�ikmc� d�~3d�jur�b��am,n�f � d��,r�i ~3^'mcd�r�� rs|cd�b�dun�`c~­rsno�k���crsn����kb
b�d�ikn��km�ik�c~3d´µxik~'`cdun��k�
���*����d�~3��± �Zf �a� �<�¹ikm,�¶r�iklxd�rs|cd�`,mcj�dub�r�ix^'m�r�p¶�am¶r�|cd�ju�amcn�rsikm�r{rsdub�t ixn
rs|,d�n�p¨n�r�d�tvixrs^3j´`cm,j�d�bqr�ik^3m�r�p ��b��kt r�|cd�j�|c�k^'j�d´�k�
��� f ��d�n�`,~3rsnEikb�d´n�|c��±�m ^'m h@ik�,~'d � f � f '¹�kr�d
rs|cixr;±/d�r�ixlkd���� � ��� �k�a����ikn;rs|,dw�,du��ik`c~­r	µxik~'`,d*±�|cd�mv_ad�mcdubsixr�^'mc_ � /8z ³c|c�kr��amcn;���ab	rs|,dwtvikn�n
t�d�ikn�`cb�dutvdumFr�f � d²���k`cmc�¸r�|�ixr�rs|,^'n}µxik~'`cd²^3tv³cb���µad���rs|,d´ik_kb�d�dutvdum�rE��dur�±Id�dum ��ixr�i�ikmc��'¶y
^'m\rs|cdvb�^3_a|�r´n�|c�a`c~3�cd�b��k�*rs|,d��c^3~'d�³Zrs�am\t�ixn�n´�,^'n�r�b�^3�c`,rs^3�am\�k� #¬j�ikmc�c^3��ixr�d�n´ju�at�³�ikb�du� rs� i
µxik~'`,d{�k�	�Zf �a� �af
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]@^3_a`cb�d � f � � �Z|c^­��rsn�^3m rs|,d ¯ t�ixn�n?ikn�i ��`cmcj«rs^3�am �k�����o���ab�rs|cd¸rs|cb�d�d �crvµxikb�^'ik�c~'dun � ���$�
� )� ��ixmc� ���� f ' `c�amcn{ixb�d´n�|c��±�m �am r�|cd´rs�k³¶³c~'�xr���d�~'dujur�b��amcnE�am rs|,d´���kr�r��at¸f � d´r�iklxd´rs|,d
`cmcjud�bqr�ik^3mFr�p��km�r�|cd��F° ^'m�rsdub�jud�³,rwikn}r�|cd²n�p¨n�r�d�tvixrs^3j{`cmcj�dub�rsik^'m�r�p ikb�^'n�^3mc_���b��kt ��� f
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h�ik�c~'d � f � � �FpZnqrsdut�ixr�^'j `cm,j�d�bqr�ik^3m�rs^'dun{�c`cd rs� ���«f*� d d�nqrs^'tvixr�d�rs|cdon�p¨nqrsd�tvixr�^'j `cmcjud�bqr�ik^3mFr�p
��b��kt ���*`,n�^'m,_or�|cd²d�b�b��ab��am?rs|,d9ju�amcnqr�ikm�r�rsdub�t �k�$rs|cd �cr�n�n�|c��±�m ^3m�]@^'_k`cb�d � f � f
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h}|cd$��mcik~>_a�aik~H�x�"`cn�^3mc_
� ��� � z ^3n/rs��ju�at��c^3mcdE^­rsn � /8z j��kb�b�dujur�^'�amcnDrs��¯ �cduj�i�p�±�^­rs| rs|,d
�cr*r�d�t�³c~�iªrsd�n/_ad�mcdubsixr�d�����p ��/D� �}�²�Hf � d²ikjuj��at�³c~'^3n�|�rs|c^3n*��p j��kmcn�r�b�`cj«rs^'m,_oi�|c^'nqrs�a_ab�ikt �k�
³c|c�xrs�am�lF^'mcdut�ixr�^'jun8ikn8�cdur�d�b�t�^'m,d����Fp � �+� � z�f>� d}rs|,d�m�b�ikmc�c�ktv~­p�nsixtv³c~3d*rs|c^3n8|c^'nqrs�a_ab�ikt
^'m rs|,d���iknqr9n�^'t´`c~�ixr�^'�am¶r�� n�^'t�`c~'ixrsd�r�|cd�bsik�c^'ixrs^3�am �k�*ikm&];� � ³c|c�kr��am�f � n�^3mc_a~3d�³,|c�krs�km ^3n
n�du~'dujursdu� ikmc�²rs|,dIlF^'m,d�tvixrs^3j�n"�k�,r�|cdDj�|�ikb�_kd��´~3d�³,r��am²��b��at ��/D� �}�²��ixb�dIik�#��`cnqrsd��´ikj�ju�ab��,^'mc_a~­pa�
ikn�^3�}^­r´|�ix�&bsik�,^�ixr�d�� r�|cd ³c|,�krs�am>f h}|cd ³,|c�krs�km&^'n9n�`c�,n�d��F`cdum�rs~3p&³cb��a³cik_�ixr�d�� r�|cb��a`,_a| rs|,d
�cd«rsd�j«rs�ab}µk�a~'`ct�dkf

h}|cd�|c^3n�r��a_absixt ±/dEnsikt�³c~'d�^3n/i²r�±/�x° �c^'t�d�m,n�^'�km�ik~�|c^3n�rs�k_absikt j��amcn�^'nqrs^'m,_´�k���� ��µ¨n�f � �! �
±�|cdub�d � � 

�
� � 
�� � 
 � � ixmc� �" �%# $ � � � # � � & � � � � � < � � f h}|�$\j&%c�'$«°vikmc� n ��%�i)(*$ °
(��¨�kr�n !�ixr�r*$�mors|+$�n�|�i)(�³,~3p�°�³'$�ikl�,3m+-²�+,'nqr.(*,3�+%,r*,'�amcn@�k� �´ikmc� �" �/(
$�n�³0$ujur.,­µ1$u~3pa�/(*$umc�+$&(*,'m�-²r�|+$�t
ikt!$�m�ix�c~2$´r���nsikt�³c~2,3m+-+3546,2-)%+(*$un � 387 ixmc� � 3 � n�|c��± rs|�$�³�(��#�
$ujur.,3�amcn{�k�Drs|�$�n*$ r�±I� µxi)(
,�ik�,~2$�n
���1(}���krs|�t�%,�amcnwikmc��$�~9$�jur*(��am,n:3
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theta (radians)
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θ cot ∆p scale vs  / ndf 2χ   7.13205 / 11

Prob   0.788291

p0        2.06948e-05± -0.00156475 

p1        2.64904e-05± -9.77727e-06 

p2        3.89216e-05± 1.48474e-05 

θ cot ∆p scale vs 
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Prob   0.734359

p0        8.36651e-05± -0.00160242 

p1        0.000223127± 9.60713e-05 
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 1θp scale vs cot  / ndf 2χ   2.31473 / 4

Prob   0.678088

p0        4.31005e-05± -0.0014867 

p1        0.000159234± 0.000354435 

p2        0.000182534± -0.000365216 

p3        0.000453649± -0.000793979 

 1θp scale vs cot 
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 0.03± correlation coeff: 0.70 T vs MT pνµ →W  0.03± correlation coeff: 0.70 T vs MT pνµ →W 
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