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CFD

ORTEC
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Leading Edge
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Timer
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Timer

µ10 s

50 Ω

Out

1µs

572
Amp.

ORTEC
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fine:  

"thresh"

"neg"

"delay out"
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1.0

shape:

input

output
unipolar

1-5 V

5 sµ

5 s

MCP

µ

-200
mV

Data-
acquisition:

Time
unit

Power
Supply

12 V
PMT

1.7 kV

Phosphor screen

HV-Power Supply

HV

Supply
Power

0.13 mA
500 V 
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� 1 � � � q ! j � ! � j � � q � � � 	 = ��«m^ 	 �
� 3 � ����� q ! � � ! � � � � q � � � � = ��«m^�� �
��� � � � ! � � � � q � � � � = ��«m^  �
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	nD XrX <V4>DO*12]0SH1<A=�,/.1<V<Af:<>*Q,/2 X .10S46.T.87sfO<,?.1<>=]<�Z[<><A*�03H1<>*Q,/0��8<>H�7:2DX]4ADOBSH�H87b,67�Z1�U4>DO=]=?<>2]DO*1H103*1M±,/D±2],?DO=/7:M:<l,/0SNP<>2����R2>^
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4>=]j14>0S7:B��5,?.1<>=]<AELDO=]<�7:BSBk,/.1<xNPDOBS<A4>j1BS7:=�D:=?0S<A*Q,67F,?0SDO*12-7:=?<x03*14>B3j1H1<>H��L*1D£4>jU,±03* � 4>DO2�� � � 0S*!,/.U<91BSDF,c7F*1HY9[DO2?2]0SZ1B3<V,/7:=?MO<q,c9[DOBS7:=?0!�s7F,?0SDO*t<4��<A4A,/2J�L,/.17F,\7F=?<e2�,/DO=?7:MO<V,/0SNP<#0S*1HU<>9[<>*1H1<A*Q, � NT7shP7:BS2]D0S*
	1j1<>*14A<�,?.1<�7FZ12?DOB3jU,/<o2?4>7:BS<�D:E5,?.1< X 03HU,/.�^V`@.U<�<qp;9[<>=]0SNP<>*Q,67:B�9[DO0S*Q,?2e7:=]< �1,],/<AH²ZQh¶7±,/.1=]<><��4>DONP9[DO*1<>*Q,�<�p;9wDO*U<>*Q,/0S7:BUELj1*14q,/03DO*��§2]DOBS03H-BS03*1< � X 03,?.-,/0SNP<c4ADO*12�,67:*Q,/2n��:�O���x�O� � NT2A�[���	��x� � NP27:*1HT�§��
¬���o��
  � NT2A^�`@.U<©03*12?<q,�0SBSB3j12],?=/7F,?<>2�,?.1<5E§7:4q,¨,?.87F,ª, X De7FH1H103,?0SDO*17:BF4ADONP9wDO*U<>*Q,/2¨7:=]<�*1<><AH1<>HZw<A2?03H1<>2@,/.U<oNPDO2�,#BSDO*1Mb�+BS0CfO<AHY4>DO*U2],67F*i,V,/D±H1<A2?4A=?0SZ[<J,/.1<uH1<A4s7shy7F,#2].1DO=],#,?0SNP<>2>^
�8=?DON ,/.1<J=]D:,67b,/0SD:*1BS<A2?2\4>7:BS4Aj1Bv7F,?0SDO*TD:E¨BS<qfO<>BªB303EL<q,/0SNP<>2kZQh��l0S*U<>BSB30	��
����� � �l03*8´Q� �k�§2]<><u7:B32?DtBS<qfO<AB
2?46.1<ANT<c0S*-46.87F9U,/<A=a;^¬� � 0C,52?<A<>NP25DOZQfm0SDOjU2R,/.87b,R,/.U< �8=?2�,5, X DJZ1=?<>7F,/.103*1MlB3<AfO<ABS2\���O��� � � 7F*1H����m�¬� � �7:=?<l,?.1<uDO*1BChdDO*U<>2@,/D±.87sfO<oBS0CEL<A,?0SNP<>2cHU0S2],?0S*14q,/BChdB3DO*1MO<A=c,/.87F*��g�5NP2>�U*87:NP<>B3h��O^C�g�52#7:*1H��U^ 	O�52>�
=?<A2?9[<>4A,?03f:<>B3h:^5`@.1<A=?<AELD:=?<V03,a0S25,?<>NP9U,/03*1Ml,/D�7F,],/=?03Z1jU,?<\,/.1<@, X D�B3DO*1MO<A=5,/0SNP<\4ADO*12],/7:*Q,/2kD:E�F�O�5NT27:*1H��	5NP2u,?Dy,?.1<±H1<>4>7sh�DFEc,/.U<P, X D¶NP<A,/7:2],/7:Z1BS<tZU=?<s7b,/.103*1M�2�,67F,?<>2A^d¥eBC,/.1D:j1MO.�7F,u,/.1032o9[DO03*i,03,V0S2n*1D:,e7:H1NP0S2]2?0SZUBS<J,/DYNT7:¦F<-7T4ABS<>7:=l7:2]2?03MO*1NP<>*Q,lD:E5BS03EL<q,/03NT<A2\ELDO=n,?.1<>2]<-2],/7F,/<A2>��0C,e2].1DOj1B3H²Z[<
*1D:,?<>H�,?.87F,n0S*�ZwD:,?.¶4>7:2?<A2n,/.U<�=?DF,67F,?0SDO*1B3<>2]2V4>7:BS4Aj1Bv7b,/0SD:*y9U=?<>HU0S4A,?2eB3DO*1MO<A=VHU<>4s7sh�4>DO*U2],67F*i,?2t�LZih
7YE§7:4A,?DO=lD:E ���m^¬�xELDO=±� �O�¬� � � 7:*1H �o�YELDO=P���;��� � �?� ,?.87:*£,/.1D:2?<±=?<A2?j1BC,/0S*UMYEL=?DON&,/.1<±<qp;9[DO*1<A*i,?0v7:B
�1,s^
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�8DO=-,?.1<�0S*UEL=?7:=?<AH;� 7:4q,/0CfO<xZ[<>*1H103*1M£NTDmH1<x<�pU4A03,/7F,/03DO*12 #"�� �d,/.U<y9U=?<>HU0S4A,?<>H BS0CEL<A,/03NT<A2-7:=]<xN-j146.
2].1DO=],?<>=A^©��0SM1^5«;^3�s��2?.1D X 2#7�E§7F2],\03*103,?0v7:B8HU<>4s7sh X 03,/.Y7�,/03NT<V4>DO*U2],67F*i,\D:EJ#u�g�5NT2©0S*x7FMO=?<A<>NP<>*Q,
X 0C,/.£,/.1<±,/.1<ADO=?<q,/034s7:B�91=]<>H1034A,?0SDO*�7:*1H�7y2]BS03MO.Q,JELj1=],?.1<>=oH1<>4A=?<>7:2?<TD:Ec,?.1< X 03HU,/.�7FE ,?<>= ��F�5NT2A^`@.1032T2]BSD X 4ADONT9[DO*1<A*Q,T4>7:*¡Z[<�<qp;91BS7:0S*1<AH¤ZQhK,/.U<�91=]<>2]<>*14A<¶D:EeZ1=?<>7F,/.103*1M NTDmH1<�<qp;4>0C,67F,?0SDO*U22]0S*14A<-,/.1<tH1<A4>DOjU91BS03*1MYD:Ea,/.U<tNTDmH1<>2e0S2e*UD:,J9[<>=]EL<A4A,>��7:*1H£ZQh¶,/.U<-9wD:91j1Bv7b,/0SD:*¶D:Ek0S*Q,?<>=?NP<>HU0v7F,?<
2�,67F,?<>2�,?.87F,�7:=?<P987:=�,�DFEc,/.U<d4s7F2?4s7FH1<TEL=]DON,/.U<dNP<A,67F2],67FZ1BS<±2],/7F,/<A2�,?Dy,?.1<dMO=]DOj1*1H�2],/7F,/<¶�§2]<><
B3<AfO<AB�2?46.1<ANT<��R0SMU^a;^ � � ^
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G+* 7KNPDO=?<�,/.UDO=?DOjUMO. 7:*17:B3hm2?032x,/.1<£ELj1*14q,/0SD:*87:BJ2?.17:9w<A2¶D:E�,/.1< X 7sf:<�ELj1*14q,/03DO*12y.87sfO<�,?D¡Z[<,/7:¦:<A*!0S*Q,/D�7:4>4ADOj1*Q,�,?D¶H1<A=?0CfO<T,?0SNP<q�·H1<>9[<>*1HU<>*Q,�9[DO91jUBv7F,?0SDO*12A^x�8DO=J,/.1032�9Uj1=?9[DO2?<P,/.1<Y��DO*Q,/<��
¢\7:=]BSD�M:<>*1<A=/7F,?<>H H10S2�,/=]0SZ1jU,?0SDO*U2T4>7:* Zw< �U,?,/<AHr,/D�,?.1<�<qp;9[<>=]0SNP<>*Q,67:BVfO<ABSDm4>03,+h H1032],?=?0SZUjU,/03DO*12>^
�8DO=#,/.1<-7:2]hmNPNT<q,/=?034uNTDmH1<>2 �"�� �u,?.10S2V91=?Dm4><AH1j1=]<-0S2V.10S*UH1<>=]<>H²ZQh�2?<Af:<>=?7:B57:2]9w<A4A,?2>^J�R03=?2�,/B3h:�[7:2
H1032?4Aj12?2]<>H 7:Z[D f:<:�¸,/.1<�7:MO=]<><>NP<>*Q,eZw<q, X <A<>*�2?03N-j1BS7F,/03DO*�7:*1H²<�p;9w<A=?0SNP<>*Q,n0S*y,/.1<A2?<�4AD;D:=?H103*87F,/<A2�L2?<><��R03M1^6«;^�� � 0S2t9[D;DO=A�a2?0S*U4><Y,/.U<y03*Q,/<>=]*87:B\¦i03*1<A,?0S4Y<A*1<>=]M:h!D:EV,/.1<�*ij14ABS<>0c91Bv7shm2P7£2]0SMO*U0��84>7:*Q,=]DOBS<JELDO=#,/.1<o2?.17:9w<oD:E�,/.1<oH10S2�,/=]0SZ1jU,?0SDO*��L2?<><�¥e919�^@¥ � ^@�;<>4ADO*1H1BChO�8ELDO= X 7sf:<�ELj1*14q,/0SD:*12 X 0C,/. �2�h;NPNP<A,/=�h²,/.U<P917:=?0C,+h²0S2J*UD:,uH1<A,?<>=]NT03*1<>H 7:*1H�,?.mjU2o,?.1< X 7sfO<±ELj1*14q,/03DO*£0S2l*1DF,�jU*87:N-Z103MOj1DOjU22]0S*14A<e03,k4>7:*Y4>D:*12?032],©D:Eª2?jU9w<A=?9[DO2?0C,/0SD:*12 X 0C,/.T*1<>MQ7b,/03f:<e7F*1Hd9[DO2?0C,/0CfO<V987:=?0C,+hO^���0S*87:B3B3h:�:,/.1<nH1<>4>7sh4ADO*12],/7:*Q,/2PD:Ee7:BSBk,/.1<�Z[<>*1H103*1M£<qp;4>0C,67F,?0SDO*U2±7:=?<xD:En2?03NT03Bv7:=oNT7:MO*10C,/j1H1<Y7:*1H!,/.1<�NT7:*Qh�2�,67F,?<>2
,?.87F,uDO*1< X DOjUBSH£.87sfO<t,/Dx03*14>B3j1H1<-03*¶,/.U< �1, X D:j1BSH�Z[<t0S*1HU0S2],?0S*1M:j10S2].87:Z1B3<�DO*²,?.1<tZ87:2]0S2JD:Ea,?.1<2�,67F,?0S2],?0S4A2n7sfF7:03Bv7:Z1B3<e03*Y,/.1<u2?.UDO=],#,/03NT<e0S*Q,/<A=]fF7:BªD:E¨,/.1<uZ[<>*1HU0S*1M±NPD;H1<JHU<>4s7sh:^
�8DO=#,/.1<oZ1=]<s7F,?.10S*1MT4>DmDO=?HU0S*87F,?<  � ,/.U<�2]03,/j17F,/03DO*�032#H10��w<>=]<>*Q,s^#¥e2VH1<ANTDO*U2],/=?7F,/<AH�7:Z[DgfO<d�§¥e9U9_^¥ � 0S* ,/.1032�4AD;D:=?H103*87F,/<t,?.1<d03*103,?0v7:B5¦i03*1<A,?0S4P<>*1<A=?M:h�D:E\,?.1<d*ij14ABS<>0k91BS7ghm2�7�*1<AMOBS03MO0SZ1B3<-=?D:BS<T7:*1H4ADO*12?<A³ij1<>*Q,/BChK,/.1<x2]0SN-j1BS7F,/03DO*�ELD:=-,/.1<Yfm0SZU=/7F,?0SDO*87FBcMO=]DOj1*1HK2],/7F,/<x9U=/7:4q,/0S4>7:BSBCh 4>DO03*14>03H1<>2 X 0C,/.,?.1<JNT<>7:2?jU=?<>NP<>*Q,\ELD:=cBSD:*1M-2],?DO=/7FMO<e,/03NT<A2J�§�R0SM1^5«;^�� � ^a�8j1=�,/.1<A=?NPDO=?<V,/.1<J987F=?03,+hPD:E¨2�,67F,?<>2 X 0C,/.
� � 2�h;NPNP<A,/=�hO�kBS03¦:<Y<F^�M1^�,?.1<xMO=]DOj1*1H 2],/7F,/<�7:*UH¡7:B3Bc91jU=?<xZ1=]<s7F,?.10S*1M£<�pU4A03,?<>H BS<Af:<>B32>�k0S2-<qfO<>*
7:*UHK,?.ij12-,/.1<x=]D:,67b,/0SD:*1BS<A2?2 X 7sfO<�ELj1*14q,/0SD:*�0S2 X <>B3BC�·H1<A,?<>=?NP0S*U<>H_^£¥eB32?D²,?.1<Y*ij1N-Z[<>=tD:EV2�,67F,?<>2032JNd7:*17:MO<s7FZ1BS<F��2?03*14><tEL=]DON&,?.1<t4>D:*12?03H1<>=?7F,/03DO*�D:Ek,/.1<±In�²�²D:Ea,/.1<  � H1032],?=?0SZUjU,/03DO*�7:Z[DgfO<:��0C,2]<><>NP2Y7FH1<>³ij87F,?<�,?D�0S*U4>BSjUH1<�DO*1B3h!,?.1<>2]<¶2�,67F,?<>2dDFE  � �²7:*UH���0S*¤7:H1H10C,/0SD:* ,?D  � ��ELDO=
 � 	O�5NP2>^
G+*�DO=]H1<>=n,/DY=?7:0S2]<o,?.1<-2?<A*12?0C,/0Cf;0C,+h�ELDO=e2]Nd7:B3B�4>DO*Q,/=]0SZ1j;,/0SD:*12>�w03,V,/j1=]*1<>H�DOj;,e,/DdZw<-*U<>4><A2?2?7:=]h�,/D
=]<>91BS7:4><o,/.1<�2?0SN�j1Bv7F,?<>HyMO=?D:j1*1H¶2�,67F,?<�H1032],?=?0SZUjU,/03DO*�ZQh�7T2]NTDmD:,?.�ELj1*14q,/03DO* �1,],/<AH¶,/DP,/.1< �]4>DOB3H
H87b,67��1�m2?03*14><#,/.U<e2?03N-j1BS7F,/03DO*tH10S2]91Bv7shm2k2?NT7:BSB8H1<qfm0v7F,?0SDO*12�EL=]DON ,/.1<V<qp;9[<>=]0SNP<>*Q,©,?.87F,c7:=?<V.87:=]H1B3h
fm0S2]0SZ1B3<J0S*y�R03M1^k«;^��PZ1j;,n2�,/03BSB�HU0S2],?j1=?Z�,/.U<��1,#ELDO=@<�p;4>03,?<>Hy2],/7F,/<uEL=/7:4q,/03DO*12@0S*�2]DONT<u4A=?03,?0S4>7:Bw,?0SNP<
Z103*12>^¯G+*�7:H1HU03,/03DO*K,/.1<�9wDO9Uj1Bv7F,?0SDO* D:El,?.1<²2]<>4>D:*1H�Z1=?<>7F,/.U0S*1M�NTDmH1< X 7:2Y7:=],?0��84A0v7:B3B3h�2]<A,T,/D�A<>=?DYELD:=n, �V�O�:�5NT2#,/DY2]j19191=]<>2]2Jj1*191.Qhm2?034s7:B 	8j14A,?j87F,?0SDO*12A^ 	nDF,/<�,?.87F,e0S*¶4ADO*Q,/=?7:2],l,?Dd,/.U< �8=]2],
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v=0

t=50-80 ms
P(1,il)=13.4%
P(2,il)=2.1%

t=200-300 ms
P(1,il)=7.2%
P(2,il)=0.03%

t=900-1000 ms
P(1,il)=1.1%
P(2,il)=0%

t=2200-2500 ms
P(1,il)=0.04%
P(2,il)=0%
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�EY��rCPA,SH9PR�1 d�143�\B7�3 I V|A`\`1 ��_ G 3�98_bV3�_bV d`1TST5 L �y3W9PR�1B[�SY5�9J=@7XZ�98_bS41�� G [ 9�ADC�9PR�1&O,7{deS G 9P7!AD3 G ? I S4A`_b3�\25�9 G 9�1 G ?!AD3�1t7�5�=@?!AB9u9�1�\2CXA,SKZ4ADVU= G ST7�5TAD3 L
Z1=?<>7F,/.U0S*1MP<qp;4>0C,67F,?0SDO*��¸,?.1< �1,?,?<>H²9[DO91j1BS7F,/03DO*�D:E5,?.1<�2]<>4>D:*1H²Z1=]<s7F,?.10S*1MTNTDmH1<u4s7F*¶ELDO=#2?.1D:=],/<A=
,/03NT<A2eZ[<-0S*
	1j1<>*14A<>H£ZQh²<qfO<>*£.103MO.1<A=��+BChm0S*1MT<qp;4>0C,67F,?0SDO*12l7:*1H�Z[<>*1H103*1MY<�pU4A03,?<>H£BS<qfO<>B32e,/.17F,u7:=]<
91=?<A2?<A*i,e0S*�,/.1<o2/7FNT<J,/03NT<u03*i,?<>=�f:7FB�^kG+*²�R03M1^\«m^3�O�uELDOj1=V<qp;<ANT91BS7:=]h �1,/2n7:=?<oH1<A910S4q,/<>H���7:*UH�,/.U<
,/03NT<��+0S*Q,?<>=]fF7:B32c7F2 X <>B3B�7:2@,/.1<u9[DO91j1BS7F,/03DO*12\DFE�,?.1<��8=?2�,V, X DPZ1=?<>7F,/.103*1M±NTDmH1<A2#7:=?<uMO0CfO<>*�^
`@.1<�,?0SNP<q�+HU<>9[<>*1H1<A*Q,l9[DO91j1BS7F,/03DO*12@ELDO=n,?.1<�, X DxZ1=]<s7F,?.10S*1MdNTDmH1<>2VH1<A=?03f:<>H�ZQhy,/.1032e91=]D;4A<>H1j1=]<7:=?<x9UBSD:,],/<>HK03*¤��0SM1^K«m^3� �m^!�8DO=-,/.1< �8=]2],d�:�5NP2-,/.1<�03*i,?<>=�EL<>=?<A*14><yD:En*1DO*;�·Z1=?<>7F,/.U0S*1M�<�pU4A03,?<>H
2],/7F,/<A2 X 7:2t,/DmD�.103MO.!ELDO=t7�=?<ABS0v7FZ1BS< �1,±,/D£Zw<x9[<>=�ELDO=?NP<>H��k.U<>*14A<y,?.1< �8=?2�,t,/0SNP<YZ103*Kj12?<AH¤032�:�b� :�5NT2A^
`@.1<tH87:2].1<>H BS03*1<>2e=?<>9U=?<>2]<>*Q,�<qp;9wD:*1<>*Q,/0S7:B5ELj1*14q,/03DO*12 X 03,?.�H1<>4>7sh�4>DO*U2],67F*i,?2�7F4>4>D:=?H103*1MY,/Dx,/.U<
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=]D:,67F,?0SDO*UBS<>2]2#4s7:B34>j1BS7F,/03DO*12@D:Ea�l03*1<>B3BS0 ��
 ������� �l03*8´Q�
��7:*UH²7T4ADO*12�,67:*Q,VE§7:4A,?DO= �U,?,/<AH�,?DT,/.U<�H87b,67
ELDO=@B3DO*1MO<A=©,?0SNP<>2u� , ��F�O�5NT2©ELDO=c,/.U< �8=?2�,#Z1=?<>7F,/.103*1MtNPD;H1<F�U, �r«:�5NP2cELDO=c,?.1<J2?<A4>DO*1HyZ1=]<s7F,?.;�
03*1M-NPD;H1< � ^5`@.U<JH10S2]4>=?<A987:*14qhYZ[<A, X <><A*�<�pU9[<>=]0SNP<>*Q,#7:*UHY,/.1<ADO=]hT0S2\<qfm0SH1<A*i,>�10S*dZwD:,?.Y4s7F2?<>2@,?.1<4>7:BS4Aj1Bv7F,?<>Ht,/03NT<c4>DO*12�,67:*Q,?2c7:=]<@BSDO*UMO<>=5,?.87:*±,/.1<@H1<A4s7sh±D:E[,/.1<#<�pU9[<>=]0SNP<>*Q,67FBSB3h�H1<A=?03f:<>HT9wDO9Uj1Bv7b�
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C¢_ �8�(a "4$ ] $I$ ap_*e���_ " X(_*e qsh ���o_'\bX�a	] �(h $ h�� = \bZ�k !QZ $ �oh $ �j]'\ba	c�f�\^_*e�_*\ !�$ �(a�Z¬f�e�\^k $ qsX�hB_'e $�� h`]`_
" h $ �j_'e�\ba	c ! X�Z $ � = X = d�k��j_*\^X�a-X(q �	} 1 � ]`_*\^kbk $-? \^]`_'] �jq _ $ h T ]on�_'e $ ] $ ��X(a�Z " h $ �j_*e	\ba�c ! X�Z $ e!�(]
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�(h $ kbX�f $ ht_*e��jaM_*e $q!�$ �(]`d�h $ Z = X = d�k_�j_'\bX�a	] �j_ ]`e�X�hC_ _*\ !�$ ]on \^a�Z�\ �8�j_*\^a�c�_'e��j_m�¬e�\^c�e $ ht\ba�\u_*\��(k
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qsX�h �ja \ba�\u_*\_�jk 
°X�k^_�� ! �(a�a Z�\b]C_*h'\ " d	_'\bX�a X(q �	} T $7� \b] = h����o_*\"�7�(k^k"! \^a�Z�\b]C_*\^a�c�d�\^]'e�� " k $ qsh'X ! _*e $
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h $ �(k8e $ �j_*\^a�c < \^c�e�_ "p$ q �(]C_ $ h�}
:�ku_*e�X�d	c�e _*e $ h $ ]`d�k^_']pZ $ < X�a�]C_*h���_ $ _*e �j_ �(a�!wZ�\^]`_'d�h " �ja0� $ ] XjqUx � $7?B=4$ h'\ < $ a�_*]¬qsh'X < \bX(a
c#�(d�c $ ] �ja�Z X(_'e $ h�]`X�d�h � $ ] Xjq®]`_'h��9! k^\bc�e�_ �(h $ h��j_'e $ hUd�a�kb\ � $ k"!�n=qsX�h < $ �j]'d�h $ < $ a�_*] ��_�kbX(a�c $ h
]`_'X�h��(c $ _*\ < $ ]�\^_�]'e�X(d�kbZ "4$ � $ = _©\ba < \ba	Z _*e"��_t_*e $ ] $q$ 4 $ �o_*] < �9! $-? \^]`_�} �;?B=4$ h'\ < $ a�_ �(k=l $ h A
\ � �!�j_*\^X�ai_'X $-? �okbd�Z $ _'e $ \ba���d $ a0� $ X(qte�Xj_ � k(� < $ a�_ \^X�a c#�(d�c $ ]QX�a _*e $ < $ �(]`d�h $ Z x � h��j_ $
��X $�� ��\ $ a�_r\b]5qsX�h $ ] $7$ a }
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W®e $ ] $ �oX�a�Z = �(hC_®X(q/_*e	\b]B_'e $ ]`\b]5Z $ < X�a�]`_'h��j_ $ Zp_*e �j_�� �� \b]°h $ k^d0�o_��(a�_5_*XE�oX�X(k²l�\(�U] = X(a_��(a $ X�d�]
$ < \^]']'\^X�a8} W®e $ kb\^q $ _*\ < $ ]�X(q�h`X(_ ��_*\bX(a"�(k $7? ��\u_ �j_'\bX�a	] �(h $ X�h'Z $ h']pXjq < �(c(a�\^_'d�Z $ k^X�a�c $ h�_'e"�(a
]C_*X�h��(c $ _'\ < $ ]Q_*e"�j_ �,�(a "4$ ���?e	\ $ l $ Z \ba ]`_'X�h��(c $ h'\^a�c $-?@=4$ h`\ < $ a�_*]on®f�e�\bk $ _*e $ l�\ " h��j_*\^X�a"�(k
$-? �o\^_��j_*\^X�a�] Z $ �,�9! f�\^_*e	\ba _gfBX ] $ ��X�a	Z�]�} � X�a	] $ #d $ a�_*k"!(n _'e $ = d " kb\^]'e $ Z l��(kbd $ ] qsX�hQ_*e $ � ��x � h��j_ $ ��X $�� ��\ $ a�_ �j_ T ����� Z $ h'\^l $ Z qsh'X < ]C_*X�h��(c $ h'\^a�c < $ �j]'d�h $ < $ a�_*]on �(h $ kb\ � $ k"!i_'X "4$
=4$ hCqsX�h < $ ZpX�a�l�\ " h���_*\bX(a"�(kbk ! h $ k(� ?x$ Zp\bX�a�]on�f�e�\^k $ _*e $ < $ �ja¬h'X(_��j_*\^X�a"�(k $ a $ h`c�! �!�(a "p$ �(]5e�\^c�e
�(]�] $ l $ h��(k¦_*e	X�d�]��ja�Z � $ k^l�\ba8n�Z $D=4$ a	Z�\ba�c-X�a[_*e $ \^X�ap]'X�d	h � $ _*e �j_®f+�j] d�] $ Z8}
�rX�a $ _'e $ k $ ]`]:qsX�hY\^a�_ $ h`]`_ $ kbk)�(h ��k^X�d�Z�]=_*e $ x � h��j_ $ ��X $�� ��\ $ a�_:Xjq�_*e $ kbX�f $ ]`_ h'X�l�\ " h��j_*\^X�a"�(k�]C_ �j_ $ ]
\^]©_'e $ < X�]C_3\ < = X�hC_ �(a�_Nn "4$ �!�(d�] $ _*e $ Z $ a�]'\u_ ! Xjq°qsh $I$�$ k $ ��_*h`X�a�]©\b] < d0�?e kbX�f $ h©_'e"�(am_*e $ � /Z $ a�]'\u_ !�n �(a�Z[_*ed�] ���� f�\^kbk d	a�Z $ h`c�X < �(a�!¬_'e $ h < �jkb\ �o\ba�c ��X�k^kb\^]'\bX(a�] "4$ qsX�h $ \^_ �,�ja h $ �oX < " \^a $ }
: a \^X�ap]`_'X�h��jc $ h'\^a�cUf�\^_'ep\^_']5d�k^_'h���e�\^c�e¬l�����d	d < \^] " d�\^k^_°_'XQX 4 $ h � ��X�k^kb\^]'\bX(a-qsh $7$ h $ c�\bX(a �(a�Z
e $ a0� $ \u_®\b]Ba�X(_®_*e $ � =0= h`X = h`\(�j_ $O$ a�l�\bh`X�a < $ a�_5_*X �oX�X(k Z�X�f�a ���� }�W®e $ \^Z $ �U_'e"�j_®\^] = h $ ] $ a�_ $ Z
\^a3_*e	\b] k)�(]`_ = �jh`_:Xjq�_*e $ _*e $ ]'\^] \b]¦_*X�c�X�X�a $ ]`_ $D= qsd	h`_*e $ hY_'X�f+�(h`Z�] _'e $ �oh $ ��_*\bX(aUX(q �ja�\ba�_ $ h']C_ $ k^k(�(h
�(a �(kbX�c(d $ \ba�_'e $ k(� " X�h���_*X�h !�}=WYX©Z�X�]'X�nX�a $ fBX�d�k^ZQe"�Nl $ _*X�k $ _:_*e $ � �� \^X�a�]�d�a�Z $ h'c(X �oX�kbk^\b]'\^X�a�]
f�\u_*e¬a $ d	_*h��(k � / c#�j]1�j_B\ba�_ $ h']C_ $ kbk(�jh _ $ < =p$ h��j_'d�h $ ] = h`\bX�h _*X©_*e $ ]`_'X�h��(c $ h`\ba�cUx � $-?B=p$ h'\ < $ a�_�}
4�!m_*e	\b] < $ �(a�]�nYX�a $ f°X�d	kbZ "4$ � " k $ _*X < $ �(]'d�h $ h $ kb\)� " k $ h��j_ $ ��X $�� �o\ $ a�_']�n�]'\^a0� $ X�a $ ��X�d	kbZ
= h`X�Z	d0� $ _*e $ ]�� < $ ] $ #d $ a0� $ XB� ��d�h`h'\ba	c-\^ap_*e $ \ba�_ $ h']C_ $ kbk(�jh < $ Z�\bd < }
W®e $ h $ �(h $ _gf°X = h'\^a0��\ = �(k�� =0= h'X*���?e $ ]©qsX�h���X�k^kb\^]'\bX(a"�(k ��X�X�kb\^a�c�n � h`]`_©_*e $ d�] $ X(q+�(a $-?B= �(a�]`\bX�a
\^X�a ]`X�d�h � $�3 ] $ �oX�a�Z d	_'\bk^\ ��\^a�c " d�4 $ h©c#�(]��oX�X�k^\ba�c[\^a0� ��h !�X�c $ a�\ �-\bX(am_'h�� = }-. $ qsX�kbk^X�f $ Zm_'e $
k)�j_'_ $ h = �j_'e qsX(h®\^_ = h`X�l�\^Z $ ] "4$ _'_ $ h ��X(a_'h'X�k X�l $ h�_*e $ \^a_ $ h`a"�(k $-? �o\^_��j_*\^X�a�]�}
� X�a � a $ < $ a�_ Xjq \bX�a�]r\ba ] < �(kbk/] �,�(k $ Z $ l�\ � $ ]te"�(]���k^X�a�c e	\b]`_'X�h !(n < \bk $ ]C_*X�a $ ]rf $ h $ _*e $ Z $ l $ k�A
X = < $ a_tX(q�_*e $ ]'X�A��,�(k^k $ Z ��$ a	a�\ba�c¬_'h�� = f�\^_*e \^_*] h'X�X(_*]��(kbh $ �(Z@! \^a _*e $ _*e�\^h`_*\ $ ]��(a�ZM_'e $ � �jd�k
_'h�� = _'e"�j_�X(h'\bc(\ba"�j_ $ Zmqsh'X < _*e $ < �j]'] � ku_ $ h'\ba	c Z $ l�\"� $ ]�_*e"�j_3f $ h $ \^al $ a�_ $ Z \bai_'e $ � q _'\ $ ]on��
h $ l�\ $ f �,�(a "p$ qsX�d�a�Z \baiv�� X�]*z ��|�},4°X(_*e8��X�a@� $D= _*]<�!�(aMa�Xj_�h $ k"!¬X�a $ k $ ��_*h`X�]`_��j_*\"� ��$ kbZ	]��(k^X�a $ n
]`\ba0� $� �(h`a�]'e"�Nf �³]B_'e $ X�h $ < qsX�h " \bZ	] _'e $ ��h $ �j_'\bX�a-X(q � = X(_ $ a�_*\(�jk < \^a�\ < d < ]`X�k $ k"!�f�\u_*e $ k $ �o_'h'\"�
�o$ kbZ�]o}MW®e $ �a$ a�a	\ba�cM_'h�� = X�l $ h �oX < $ ]�_*e	\b]©k(�Nf " ! �oX < " \^a�\ba�c $ k $ �o_'h'\"� �(a	Z < �(c(a $ _'\ � �o$ k^Z�]
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�(a�Zi_'e $
� �(d�k�_*h�� = d�] $ ]�_*\ < $ A¢l��(h !�\^a�c �o$ k^Z�] �j_3h��jZ�\bX qsh $ #d $ a0��\ $ ] $ � ~ '�_*X8��h $ �j_ $�$ 4 $ ��_*\^l $
= Xj_ $ a�_'\(�(k�f $ kbkb]o}
: a�X�l $ k � =@= h'X#���?e-f1�(]�\ba�_*h`X�Z�d@� $ Z-h $ � $ a_'k"! " !-x�}�� �#"Cq < �(a v�� �#"'z�{�|�n�f�e�X3Z $ < X�a�]`_'h��j_ $ ZQ_*e"��_
\bX�a	]
	��� "4$ _'h�� =@=p$ Z " !i]C_ �j_'\ � $ k $ �o_'h'\"� �o$ kbZ�]on��(]3kbX�a�c �(]©_*e $ \bX�a�]©_*e $ < ] $ kul $ ] �(h $ < X�l�\ba	c
f�\^_'e�� $�� $ a $ h'c(\ $ ]o}
� X�f $ l $ h�n¦_*X �oX�X�k Z�X�f�a0�¬k)�(h'c $ ht]�� < = k $ X(q < X�k $ ��d�k)�(h�\^X�a�]�_'X \^a�_ $ h`]`_ $ kbk)�(h _ $ < =p$ h��j_'d�h $ ] X(q
� ��� n �j_ � h']C_�c(k(�(a0� $ �(kbk _'e�h $I$ � =0= h'X*���?e $ ] Z�X-a�X(_�� =0=4$ �(h®_*X "4$ f $ k^k=]`d�\^_ $ Z8}BWYX-_*h�� = ]`\ba�c(k"!
�?e"�(h`c $ Z = �(hC_*\"��k $ ] \ba � ��$ a�a�\^a�cI_*h�� = l $ h ! ]`_*h`X�a�c < �(c�a $ _*\ � �o$ k^Z�]3�(h $ h $ #d�\^h $ Z �(a	Z ]`\ba0� $
_*e $ \bX�a�]+�(h $ < X�l�\ba�c�X(a ��\bh ��d�k)�(hB_'h��#" $ �o_'X�h'\ $ ] �(k^k�_'e $ _*\ < $ n " d�4 $ h®c#�(] �oX�X(kb\ba	c©_'X � ���SfBX�d�k^Z
= h'X " � " k ! "4$ Z	\ � ��d�ku_�\^q=a�X(_r\ < = X�]']`\ " k $ }:W®e $ � �#"Cq < �(a¬_'h�� = \b]®X�d�_�X(q _'e $ h���� $ \ <�< $ Z	\(�j_ $ k"!(n
]'\^a0� $ _*e $ \bX(a�]��jh $^" X�d	a0��\^a�c " ����� �(a�Z qsX�hC_*e �j_ � $�� l $ kbX ��\^_'\ $ ]�}�� $ a0� $ _*e $�� �jd�k/_*h�� = \b]�_*e $
"p$ ]`_)�,�(a�Z	\bZ"�j_ $ n�qsX�h�\^_��,�(a $ �(]`\bk ! _*h�� = ]'\^a�c�k ! �?e"�(h'c $ Z < X�k $ ��d�k)�(h�\bX(a�]�qsX(hBk^X�a�c�_*\ < $ ]�f�\u_*e�X�d�_
_*e $ a $ � $ ]']'\u_ !Q_*X©] $ a	Z�_*e $ < X�a = �(hC_*\ �od�k(�jh _*h��#" $ ��_*X�h`\ $ ]�f�e�\"�?e \^]��(k^f1�9!�]��(Z	l $ h`] $ _'X���X�k^kb\b]`\bX�a �(k
��X�X�kb\^a�c�}mW®e $�= h'X " k $ < �(h'\^]'\^a�cMqsh'X < �I]`_ �ja�Z"�(h`Z � �(d�k5_*h�� = #d"�(Z�h`d = X(k $ Z $ ]'\bc(a \^]�_*e $ �r~
e $ ��_*\ba	c�}:W®e $ _'h�� =@= \ba�c = X(_ $ a�_*\)�(k�X(q �E#d"�(Z�h`d = X(k $ _'h�� = \b]°_'e"�j_5Xjq ��e"�(h < X�a�\"� = X(_ $ a�_*\)�(k �ja�Z
_*e $ h $ qsX�h $ _*e $ \bX�a	]��(h $ �oX�a�]C_ �(a�_*k ! = d�]'e $ ZI\ba�_'X�_*e $ \^a�a $ h h $ c�\bX�a X(q:_'e $ _'h�� = d�a�k $ ]']r_*e $ ! Z�X
a�X(_ e � =0=4$ a _*XIZ	f $ k^k5\ba _'e $V$7? ����_ = Xj_ $ a�_'\(�(k < \^a�\ < d < }I~�X�h < �(a�! \bX�a	]�\ba _'e $ _*h�� = _*e"��_
< $ �(a�]5_'e"�j_�_*e $ !pf�\bk^k²qsh $ #d $ a�_*k ![d�a�Z $ h'c�X ��X(kbkb\^]'\^X�a�]Bf�\u_*e[_*e $ a $ d	_*h��(k " d�4 $ h�c#�j]�f�e	\bk $ _'e $ !
�(h $�"4$ \ba	c ��� � $ k $ h��j_ $ Z��(a�Zi_'ed�] $ a $ h`c�! < �9! "p$ �,�(h`h'\ $ Zi\^a�_*X _'e $ ] !�]`_ $ < \^a�]`_ $ �(ZiX(q "4$ \ba	c
Z�\b]`]'\ = �j_ $ Z8}
W®e $ h $ < $ Z@! \b]:_'e"�j_�_'e $ _*h�� =0= \ba	c©Xjq �?e"�jh'c $ Z = �jh`_*\"��k $ ]�\baQ\^a�e�X < X�c $ a $ X�d	]�� ~ �o$ kbZ�] Z�X $ ] a�Xj_
Z $D=4$ a	Z d = X�a _*e $ #d"�(Z	h'd = X�k $ c $ X < $ _*h !(n�\baiq ���o_ � � = �(a	X�l0�(a�Z�� \bkbk $ h©h $ �(kb\ � $ Z $ �(h`k"! _*e"��_
� W®e $ h $ �(h $ �(a d�a�k^\ < \^_ $ Zma�d < "p$ h�X(q = X�]']`\ " \^kb\^_'\ $ ]�qsX(hE��h $ �j_'\ba�c = X(_ $ a�_*\)�(k�f $ k^kb]�� $���'�} W®e $
]'\ < = k $ ]C_®X(q=_*e $ ] $ �(h $ h $ �(k^\ � $ Z[\ba #d"�(]'\�A $ k $ ��_*h`X�]`_��j_*\"� < d�ku_*\ = X�k $ �o$ kbZ�]�}u}^}�� v � � = ��2�|�}
W®e $ ] $ = X�]`]'\ " \bk^\^_*\ $ ]�f $ h $�$7?B= k^X�\^_ $ ZI\baM_'e $ k(�(]C_ Z $ �,�(Z $ ] " ! x�} � $ h'k^\ �?e �(a�Z �oX�fBX�h�� $ h`]�n=f�e�X
��X�d	kbZM]`e�X�f _'e"�j_ \^a�e�X < X�c $ a $ X�d	] �r~ �o$ k^Z�] �(h $ � =p$ h`q $ �o_t_'X�X�k=qsX�h _'e $ ]`_'d�Z@! X(q kbX�f $ a $ h'c�!
��X�k^kb\^]'\bX(a�] v � $ h*z�,�|�}�. $ e ��l $ �jZ�X = _ $ Z X�a $ X(q � $ h`kb\"�?e ��] < X�]C_�]'d0� � $ ]`]`qsd�kYZ $ ]`\bc�a	]�n�_*e $ ,�,+A = X�k $
\bX�a _*h�� = f�e�\ �?e X�l $ h ��X < $ ]�_'e $ �r~ e $ ��_*\ba	c = h'X " k $ < " ! _'e $ qsX�h < �j_'\bX�a X(q��¬k(�(h`c $3�o$ kbZBA�qsh $I$
h $ c�\bX�ap\^ap_*e $ < \bZ�Z�k $ X(q=_*e $ _'h�� = } ~�d�hC_*e $ h�Z $ _��(\bk^]°f�\bk^k "4$ c(\^l $ a \^ap_*e $ a $-? _ �?e"� = _ $ h']�}
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�������������"���� $�� �� $O$ 4 $ ���� � $ �"!� $ �#��(��$ ����� � !&%'� < �(�� !)�+*,� $�$ "4$.-�$�� � � $�- ��� - �� $0/�$ $ - � � !)� $��21
�� $ �3!�45$�� � $ � � <76 $ �� �8!�$ $ � � �,$9- � ��� 6 ��� $�-;:=< � $ ��� $ ���)��$ �(����$�� �,�(���!)�>!�45�� $@? 6 � -�� 6 �"!)$ $�A�$ ! < $  �CB
� $�� �D� � A ����� < ����� / $  $�� ��� -�$ �C� � � "4$�-�"�� � $ � B)E �� $ < ! �:$>A�$ � $�� �($/� - �(� " �F����G�  B � � � ����� ��$ $ ���H��� 1
 � ! - 6 � $G- ��� - �� $ 4 6 �������!��"��$;� � !)� $�� �� $ �H!(4I�� $KJ)JL1 �"!)$ $ ��!)�� � ��� � �,$Q$ %'��$(�(��� $G-;:
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< � $k-�$G� �l� �F���!��m!�4n�� $#$ 4 $ ���� � $ �8!( $ �o��(��$I���m������.� $ �����!��U4p!)$�$ !L*,�H�� $�$ %�� < ��$ $7A � � $ �f���U�� $
 $ %D " !'!�qW!�4.r
��� - � 6 ��� - rs�l4p�����l�tvuwr
���yx�z({Z*,�������|� �`���W�� $ �C��� � � k!�4 � ������t!�eu5� ���y}D~�{ : 
��
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