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R[,8:].qA]p~,/98:;0VgQI_L�b�PQ.�<�,-Pr5=:�g�pQ6
C&.	3r,BA]pM,J0U.
:m,�0/,BI�,/3
h	:]6qAB.�<
,�:=PQ,�t�,[or9BPQ.�C*d*,�:=PQ,/6�0/,BI�w�6UT�AV:].
:;5YAV:;579BA
.�CD3	:=PQ,�:=PQ,[6�0/,BI�6UT-9[6�CMA8,B0V<j.
:;576�C 6UT�,JCZ,B07d
h4��{?.�I�,BGXhjL�:=PQ,OpQ6jA[AV57RJ5YGX5;:;h	:=Pa.
:�:=PQ,J0f,�9[6�gQGH3z,/o45yAB:e5YC�:=PQ,
C~g~9JG�,B5$,BG�,/9�:;0S579[.
GYGXh�CZ,JgM:;0U.�GZpM.�0V:;579JG�,VASLO:=Pa.
:�b_^\5YA[PF:]6�9[.
GYG\CZ,JgM:;0U6�C~A[L$^`Pr579BP�Pa.�<
,�AmpD5=C#�V���F.�CD3�6rRS,Bh
:=PQ,_,/o*9JGXg*AV5;6
C�pD0V5YCZ9J5vpDGH,_.�CZ3K^`Pr579BPWTVga0B:=PQ,J0�3
5 �2,J0`TS0f6�I�GX5�d
P*:��8g~.�C�:].�5=Cz:=PQ.
:�:=PQ,Jh�346�CD6
:�:;0f.�<
,BG�^\5;:=P
:=PQ,	<�,JG�68985=:;h#6UTlGi5Hd�P*:]�c��PQ,xIK.jASA�6UTx:=PQ,xCn,BgM:;0U6
CMAxA[Pa6
gaGH3 R[,z6UTx:=PQ,	AB.�I�,z6�0U3*,B0z6UTlIK.8d4C~5=:;g~3r,�.jA
:=PQ,	,JGH,[98:;0f6�C�IK.jASAl.�CZ3�5YC�.�C�h�,J<�,JC�:�CZ6
:WG�.
0;da,B0l:=Pa.�C(�
�;�
��pZ0U6
:]6
C�IK.jA[A8,VAJ����PQ,x9[6
C�:;5YC�gM6
g*A	R[,8:].
A]p~,/98:;0VgQI�^�6�gQGH3�:=PM,BC�R[,/9S6�I�,�gaCZ3r,B0SAV:].�CZ34.rRBG�,xRBh	:=PM,�.�A[ASgQIOpZ:;576�Cs:=Pa.
:�5YCsR[,J:].�3r,[9[.�h�.xCZ,JgQ:;0f6�C#5yA
,BI-5;:7:m,/3&5=C�.43r3�5=:;576�C�:]6#:=PQ,�,BG�,/9�:;0U6
C�ASg~9BPs:=Pa.
:_:=PQ,�ASgQI�6fT	:=PQ,F,BCZ,J0;d457,BA�6UT	:=PQ,zCZ,JgQ:;0f6�C�.�CD3#:=PQ,
,BG�,/9�:;0U6
CF5yA?9S6�CMAV:].
C�:
{?6�^`L�:=PQ,_CZ,[o4:��Jg�,VAB:;5;6
CF5yA�^`PQ.
:nTB6
0U9V,VA-.r98:�g�pQ6�C�:=PM,_CZ,BgM:;0f6�CMAJ�	��PQ,_IK6jAV:�GX5Yk
,BGXhqI�6�3r,BGQTJ6�0?:=PQ,



� @ � � �n!&*�"%��N�%� (v�X�e�����g.��%������!&.�� �

CZ,JgQ:;0f6�CFA8,[,JI?A-:]6lI�,�:]6	RS,VL$6�C�^�.�<
,_I�,/9BPQ.�C~579[.�G�d40U6�gQCD3�A��mI�6
0f,�3r,J:].�5=GiA�.�0/,_kjCD6�^\C#RJhq:=PM,�R[,[.�0/,B0
6UT�:=PQ,BAJ,WGX5=CZ,VA���L :=Pa.
:�:=PQ,�Cn,BgM:;0U6
C�.
:\0/,VAB:\5YA�.KI�.�d
CZ,8:;5;9?3�5 pM6�GH,_6UT�.�9S,B0B:].�5=C�IK6�I�,BCD: � ��� oVp~,B0V5YI�,BCD:
pD0f6rR/.*RBGXhq0/,/�8gQ5Y0/,/3l:=Pa.4:e:=PM,?5;6�C�5yAV5YC*dx,7�2,/9�:e6UTWAVg~9BP�.�CZ,BgM:;0f6�C�A[Pa6
gaGH3qCD6
:�R[,�GH.�07d*,B0_:=Pa.�C�:=Pa.4:�6fT�.��
0f.�hjL�.�CD3q:=PrgaA � A[Pa6
gaGH3�pD0f6rR/.*RBGXhqCZ6
:�RS,?G�.
0;da,B0�:=Pa.
C & �Yk jlk 98I��

��gM:Zb�3r6�C
	 :4T8,[,JG*A8,/98ga0/,W,BCD6
g
d
P-:]6�pDg�RBGX5YA[PK.�C~h
:=Pr5=C*d�.rR/6
gQ: :=Pr5YA�573r,[.jL@AB6Wb���0[AB:�:;gQ0SCl9[6�C��3r,BCD:;5;.�G=GXh
:]6zh46�gaL23r,/.
0K0U.r3�5;6�.498:;5=<�,BA[LW^\5=:=P�.��Jg�,VAB:;5;6
C .jAK:]6�:=PQ,KAS5;:;g~.
:;576�C�9[6�CD9V,B0VC~5=C*d�,/oBpM,B0V5YI�,JC�:].�G�pZ0U686fTq6UT
ASg~9JP	.�CZ,JgM:;0U6�C~L�5 T�5=: Pa.jA�AJ6�I�,J:=Pr5=C*dlGX5yk4,_.rR/6�gM:��r��:;5=IK,BA�:=PQ,$pM,JCZ,J:;0f.
:;5=C*d	9[.VpQ.49J5;:;h	6UT?.��s0U.
h
�

b-.8d40f,S,K:=PQ.
:�I-hl0f,JIK,[3�hz9S6�gQG�3xAJ,[,JI 5YCD980f,[3�5]RBG�,�RS,/9[.
g*A8,K6�Cn,_A[PQ6�gQG�3	Pa.�<
,_AJ,S,BC�:=PQ6jAJ,KCZ,BgM:;0f6�CMA
<�,J0Sh	,/.
0SGX57,J0?5 T?:=PM,Bhq0f,[.�GYGXhz,/o45yAB:]���$gM:�6�C~GXhl:=PQ,K6�Cn,_^`Pa6	34.
0f,BA�9S.�CF^\5YC#.�CD3x:=PQ,K3�5 ��98gQGX:�AS5;:;g~.
:;576�CML
3�g�,F:]6�:=PQ,�9S6�C�:;5=C~g~6�gaAzAB:;0Sg~98:;gQ0/,�6UT�:=PQ,#R[,8:].#A]pM,[98:;0VgQI?Lq5yA�Gi5Hd�Pa:m,/3 RJh .s0f,JI�.
0[k�6UT�I-h&PQ6�CD6�0/,/3
pD0/,/3r,[9S,BA[AB6
0[L��F0�+-,�RBhr,VLe^`Pa6	:]6�GH3xI�,�0f,[9S,BCD:;Gihx5=C���0Sg4oa,BG=GH,BA���w��eP4L�bV:�	 A?^�,BG=G R[,J:7:m,J0?CZ6
:�:]6	:=Pr5=CMkl:]6
:=Pr5YA_.
:$.�G=GiL�GX5yk4,?CZ,B^ :].8oa,VArwJ���n0f6�I CD6�^u6�CML$,B<
,B0Vh�AJ6�GigM:;576�C�:]6l:=PQ,-5yASASg�,?I-g*AB:�R[,-3�5YAB98gaA[AJ,[34�x��PrgaA[L
3r,[.�0?0f.43�5768.49�:;5Y<
,2p~,/6SpDG�,VL�GH686jk	.�CD3��Vg~38d*,���� C8TJ6�0B:;gaCZ.
:m,BGXhjL b_9[.
C~CD6
:$.SprpM,/.�0�5=C �~g~RJ5YCad*,BC�pM,J0[AJ6�CD.�G=GXh
AS5=CD9V,_b�.�I 5=CD3�5YA]pM,JCMAB.*RBG�,�PQ,B0/,�5YC��@gQ0V5;9JP�RS,/9[.
g*A8,q6UT�.�R/.�G=G�6�Cs:=PQ,�C~5Hd�P*:26UT�}S� �K+-,/9V,BI�R[,J0B�"!x5;:=P
I-hlRS,VAV:�0/,]dr.
0U3jA-:]6�h
6
g*L�.�CD3l.�GiAB6l:]6#��0��2.49Jk��

$�6�gQ0�PrgQI�RBG�,�AJ,J0S<�.�C�:
!��&%$.
gaGX5
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m��lk1� � e #4b � j"! ��� e�� m e r c=edj"! r e�! m j r v��qx�r c=e u?k1� ! s e�� u r cne u?k�� !}fac�� m e � m f)� � edj m ���lu f � e mwm e o � ! o�r c=e
s e�� u j mdr c=e�! � � � e � e � � r e o�r���r c=e � e ��k j � e o e�!=e �w~qv #£bdc=e m e u?k�� ! m � � e r c=e�!gj"! � e � r e o j0! r�� � m�r�� � � ~ e
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bdc=e u �qj"! � e ��k j � e u e�! r2�qx r c=e�f ���qr�� ! o�� j�hqe � j m]r c=e^f ����oak�� r j � ! �qx r c=e s � m e � j0!=e 240|o e � � v�m f�e �yv e�� �
x�� �  i° v e�� ��m?x�� � e�� � c � c�� �w~ e ��� ! ��kn~ � r e #pbdc=e}e;: � j�e�! � v �qx]r cne u?k�� ! x���� ! rH� e�! o � ! o � � � e � e � � r j � !
� �¥m�� f � � v�m �©hqe �wv j u f � ��r � ! r f)� �wr j"!�f ��� h�j o j"! ~pr cnj m�o e � � v�¤�k �,� ! o�{ j �"�Ss e o j m��ikamwm e o � � r e � #�bdc=e
o e m j ~ ! �qx(mwk�� c �}f ���qr�� ! o1� j�hqe ��� e ��k j � e m � � � �w~ e�>8< � j"!�hqe m�rwu e�! r � m,r c=e s e�� u f ��{ e �.� e ��k j � e o©r��
� � caj�eihqe r cnj m*� � r e �qx¨u$k1� !�f ����onk � r j � !gj m � ���lk ! og� �ª� # b � f k=r^r caj m j"!&f�e ��m f	e � r j¥hqeq��j0! r cne m c � �wr
r e ��u � !=e { � � � e � e � � r�� ��m � � e$f � � !)!=e o�r c�� r � � cnj¥eihqe$° # � �q�&� ��=  & > �£� =(�!f)� ! � � ! o  $# � �&� �F� � �	�
	 � �]m���r c=e?j"! ��� e�� m e�j0!�j"! r e�! m j r vp{ j �"�	s e'� ~ � e�� r � c�� �"� e�! ~ e #
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bdc=e&faj � ! f ����onk � r j � ! � ! o � �!f rwk1� e&j0! � � e k=r�� j"! � ��� � r�� �wv { j �"�ys e � ~ � e�� rpr e � c�!nj � � � � c�� �"� e�! ~ e #
bdc=e u �qj"!Jf ���qs)� e u j m�r c=e�c k=~ epe�!=e �w~qvJo e�! m j r v ��� e�� r e o j"! r c=e r � �w~ e r�{ cne�! r c=e«f ���qr�� ! s e�� u j m
j"! � j o e�! r # � � j r j � � �=m f�e � j! � � r j � ! m(x�� �]r c=e r � ��~ e r]u � � e£j r o j : �ik���r4r�� � e onk�� e r cnj m e�!=e �w~qv}o e�! m j r v &�r c=e
r � �w~ e r£o j u e�! m j � ! m � � !�! �qrds e u � o e � � �w~ e �dr�� � ! m hqe ��m e ��v � m<r caj m<{2�lk��¥o � e�� o�r��pm j ~ !nj! � � ! r<o e ��� e�� m e
j"!�faj � !}f ����onk�� r j � ! onk e r�� � e � j"! r e � � � r j � ! m({ j r cnj0! r cne r � �w~ e r�� � �¥m���r cne � � �w~ e<f ��{ e �¨o eif �lm j r j � ! u$knm�r
s e onkau f�e o hqe �wv&��k j � � �¥v j"! m c � �wr f k��¥m e m,r���x � � j � j r � r e?e�� m�v � e onk�� r j � !�j"! u?k�� !&e�!=e ��~qvgm f � e�� o h�j"�
fac�� m e ���qr � r j � !-#(bdc=e r cne ��u � �nm c ��� � f ����oak�� e o$s�v�r cnj m e�!ne �w~qv}o eif �lm j r j � ! � � !�f �lm e m eihqe � edf ���qs�� e u�m
x�� ��m��(� j ogr � �w~ e rwm #�bdc=e � e � � e �ik1��� e�! r���v&r {2� f ��� f �lm e o�m�� cne u e m�x�� � � � e k=r�� j"! � �)� � r�� �wvgr � ��~ e r # § !
r c=e 	 : � m��(� j o ���qr � r j"! ~}u e r � ��r � ��~ e rwm � � e s etj"! ~?mwrwkno j�e o # § ! � k1��� f�e � ! o�r c=e 	 ��� >0< � j0! r��8� j ��k j o
u e ���ik��wv<� e rZr � �w~ e rwm j m �ik1��� e�! r���v?s etj"! ~ f k1��m�k e o � ! �qr � s)��v$r c=e,� � > § b e1��f�e � j u e�! rd� � �!� #(bdc=e o e r �qj �¥m
�qx(r c=e m e m�� cne u e m,{ j �"��s e o e r �qj � e oªu8� � e r c � ���lk=~ c ��v j"! �yc)�!f r e �£� ��e m f�e � j"� �"��v�r c=e m��(� j o 	 : r � ��~ e r
{ c=e � e � m�rwknonv �qx faj � !Lf ����onk�� r j � ! � m � x�k ! � r j � ! �qx f ���qr�� ! o1� j�hqe � e�!=e �w~qv�x�� �?o j z e � e�! r c�� o���� !nj �
f ����onk�� r j � !pe�! ~ j"!=e m � ! o ���lu f)� � j m�� ! �qx�r c=e m e m�rwkno j�e m]{ j r c r c=e � ! ��v �ik1��� e�! r e1��f�e � j u e�! r � ��o � r ��j"!
r c�� r e�!=e �w~qv6� e ~ j u e�j m,u � o e # ¨j � ! ���(�"� e � r j � ! x����lu¢r c=e r � �w~ e r c�� m^s eie�!gf ��� f �lm e o&r��©s e�� � cnj¥eihqe o
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bdc=e u?k�� ! x���� ! rH� e�! o|r�� � ! m f � �wrwm � ! o�u8��o j! ne m�r cne s e�� u x����lu r c=e s e ~ j"!�!nj"! ~ �qxdr c=e�faj � ! o e � � v
� c)� !�!=e �Zk ! r j � j"! � e � r j � !Lj"! r��ªr c=e3� � � e � e � � r j � !Jf�c�� m e #<¨j � ! � � k1� ! o e � � v � j"!=e u � r j �im � e mwk��¥r j0! r c=e
sak ! � c � e�! ~qr c x����lu r cne o e � � v e o u$k1� ! m«s etj"! ~Jm c � ��r«sak=r c��th�j"! ~ � � � �w~ e u8�lu e�! rwknuWm f � e�� o �qx
s e r { eie�!» i°q° " � °q°J�&e76 ��� #�bdcnj m?u8�lu e�! rwknu m f � e�� o j m �gf ���qs)� e u x�� �$r cne u$k1� ! � � � e � e � � r�� ��m
� ! o|u?knmwr�s e � e onk�� e o #pbdc=e* ��m�r�u e r c ��o�knm e oJ{ j �"��s e�fac�� m e ���qr � r j � !-#�bdcnj m�r e � c�!nj ��k epj"!�h �(� hqe m
knm j0! ~ >,� r��}m f�eie o«k f r c=e m��/��{ e �<u?k�� ! m � ! opm��"��{»o1��{ ! r c=e ��k j � � e �2� !=e m � � knm j0! ~�sak ! � cnj0! ~ #�b,cnj m
� e mwk)��rwm j"!3� �/� ! ~�s�k ! � c � e�! ~qr c s�k=r � !=e { j r c3��hqe ��v�o e�! m e ��� � e^j"!}e�!ne �w~qv !�� �����D{.��v � e�! r�� e o � ���lk ! o
 i°q° � � ±#K3
�� #(bdc=e �ik1��� e�! r x ��h �lk1� e o«o e m j ~ !3� o1� f r e o�s�v$r*{ �$u � ��� �¨m�rwkno j�e m,� � �q�*� � � � j"!�h �(� hqe mZr c=e knm e
�qx4r {2� j"! oak�� r j � ! � j"!�� �im<m�k1�����lk ! o j"! ~ � o1� j x�r<m f)� � e #

bdcne u$k1� ! m f ����onk � e opx����lu0r c=e�faj � ! o e � � v � x�r e �dr c=e r � �w~ e r � � �ik f v ��fac)� m e m f)� � e�h �(�¥knu e r��%�
� � �w~ e r�� j"! � e � r j"! r�� � ��� !�hqe�! r j � !�� � � � � e � e � � r�� � #Jbdcne m��(�¥knr j � ! r���r cnj m f ���qs)� e u j m�r�� � e onk�� e r c=e
r�� � ! m hqe ��m e�e u j r�r � ! � e �qx4r c=e s e�� u #Z��� u j � j"� �du e r c ��onm �qx ��� �(� j0! ~�mwk�� c � m,m�r�� � c�� mwr j � �ne � e � r���� ! � ! o
� � m e � ���%�(� j"! ~ � � e*! �qr x e�� m j s)� e { c=e�!pj r ���lu e myr��$r c=e o e m j ~ ! �qx � � e k=r�� j0! � ��� � r�� ��v #¨bdcnj m j m s e � � kam e
x�� � e z e � r j�hqe ���%�(� j"! ~pr c=e m e u e r c ��onm,r � � e �qxZr cne � ��o e � � x e {_m e ��� ! onm,r���u j0! k=r e m � r cnj m j m,r�� ��m��/�D{
r�� ���%�(� u$k1� ! my{ caj � c o e � � v j"! ! � ! 2 � � !6�thqe � � ~ e #

b � � � caj�eihqe r cnj m e mwm e�! r j"� �<r�� � ! m hqe ��m e ���%�(� j"! ~Lx�� � � � e k=r�� j"! � �)� � r�� �wv { e u$knm�r«r � � e � ! � hqe �
�!fnf ��� � � c��l� k1� ! § � !nj m � r j � !5� � �(� j0! ~ #& m r c=e !�� u e mwk=~q~ e m�rwm4u$k1� !$j � !nj m � r j � ! ���%�(� j"! ~ j m ���%�(� j"! ~^onk e
r�� j � !nj m � r j � ! �/�lmwm e m j0! u � r e � j"� � # & m4r c=e u?k�� ! r�� �thqe ��m e mZr c=e u � r�r e � j r �/�lm e m e�!=e �w~qv ��j rwm e u j r�r � ! � edj m
� e onk � e o j"! s �qr c r c=e r�� � ! m hqe ��m e � ! o��/� ! ~ j rwkao j"!�� �����lu f � !=e�! rwm # § � !aj m � r j � !?j"! r c=e u � r e � j"� ��o e ��� e�� m e m
u$k1� ! u3�lu e�! rwkau { cnj � eq� r��  ��m�r � ��o e � � � eieif�j"! ~$r c=e s e�� u0m j � e ��� ! m�r � ! r # bdc=e � e onk�� r j � !pj"!«e�!=e �w~qv
�qxZr c=e u$k1� ! m j m��qs h�j �lknm���v ! �qr£o e m j � � s)� e � ! ogr cnj m e�!=e �w~qvgu?knmwr,s e � eif � � � e o #^b,cnj m j m,o1� !=e s�v�r c=e
>,� � �th�j r j�e m � { cnj � c � � � e � e � � r e r c=e u$k1� ! m � ! o � eif � � � e r c=e �/� ! ~ j rwkno j"!�� � ���lu f � !=e�! r �qxSu3�lu e�! rwkau #
bdcnj my{ j �"��s e o j m��iknm�m e o j"! u8� � e o eif r c � � r e �d{ c=e�! o j m��ikamwm j"! ~$r c=e?� § � � e1��f�e � j u e�! r #
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bdc=e u$k1� ! m e1�=j r j"! ~£r cne x���� ! rH� e�! o �qx � � e k=r�� j"! � ��� � r�� ��v�u$knm�r(r cne�! s e � � � e � e � � r e o�s e x�� � edj"! � e � r j � !
j"! r���o e � � v3� j"! ~lm #�bdcaj m � � � e � e � � r j � ! u$knm�rZs edhqe �wv f ���lu f r � m r c=e u$k1� ! m c)�thqe ��hqe �wv}m c � ��r � j x e r j u e
�qx !%# ! 2Sm #�bdc=e � � � e � e � � r j � ! r e � c�!aj ��k e � c �lm e�! u?knmwr�s e � s)� e r���mwk fnf �¥v j"! r e�! m e s e�� u«m �qx �  i° �
	
u$k1� ! m j"! r c=e � � ! ~ e�!!° � �!° 8 e76 f	e �(v e�� � #4b,c=e � e � � e o j z e � e�! r(m�� c=e u e m(s etj"! ~	��� ! m j o e � e o � r(r cne u8�!�
u e�! rds � m e o f � j u � � j ��v8� ! >,e � j ���ik�� � r j"! ~�� j"!ne�� � & � � e � e � � r�� ��m � > � & � � ! o �4j2��e o�� �4j�e �¥o & ��r e � !)� r j"! ~
8*� � o j�e�! r ���4� & 8�� � � � e � e � � r�� ��m � � ���lu?s j"!�� r j � ! m(r c=e � e �qx #(bdc=e u$k1� ! � j x e r j u e � e m�r�� j � r j � !�e � j u j"!�� r e m
eihqe�! x � m�rH� � v �+� j"! ~�mwv ! � c ���qr���� ! � � � e � e � � r�� ��m£onk e r���r cne r j u e � e ��k j � e opr�� � v��+� e r c=e u � ~ !=e rwm #

bdcne u?k1� ! m � � e r c=e�! � � � e � e � � r e oYkam j"! ~ � � j"!)� � � ! o r {2� >de � �yj ���ik�� � r j"! ~ � j"!�� �im � > � �4� j"!
r c=e m�� c=e u e u e�! r j � !=e o #�b,cnj m�o e m j ~ !�j"!�h �(� hqe m�r cne u?k1� ! m�s etj0! ~ f�� mwm e oLr c ���lk=~ c r c=e3� � � e � e � � r j0! ~
m e � r j � ! m�u$k���r j�f � e r j u e m #©bdc=e � e � � e o j z e � e�! r�o e m j ~ ! m�x�� �?r c=e � � � e � e � � r j � ! m e � r j � ! �qx � � e k=r�� j"! �
��� � r�� �wv #�& �¥r e � !�� r j�hqe m��(�¥k=r j � ! m j0! �+�¥kno e r c=e knm e �qx cnj ~ c �F~ � � o j�e�! r ��� !�hqe�! r j � !)� � � j"!)� �im � > � �2m � ! o
�4� & 8 � j0! ~lm #
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bdc=e � � � e � e � � r e o�u?k1� ! m � � e � �!f rwk�� e o j"! � m�r�� � � ~ e � j"! ~ # & ~ �qj"! r c=e � e8� � e u � ! v�o j z e � e�! r£o e m j ~ ! m
x�� �,r cnj m<mwr�� � � ~ e � j"! ~ j"! �+�¥kao j"! ~$r c=e r�� j0� ! ~lk�� � �dm c)�!f	eq��� � � � e r�� � � � � � ! o � o1�q~qs � !=e � ��� !7 ~lk1� � r j � ! m � �
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Average target distance from beam axis (mm)
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CKOV1ptotMu

Entries  69174

Mean      265

RMS     30.39
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TOFsepMu
Entries  17144

Mean    29.21

RMS    0.4317

 / ndf 2χ  929.2 / 131

Prob       0

Constant  2.2± 225.4 

Mean      0.00± 29.23 

Sigma     0.0032± 0.4462 
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