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■ SLAC Data (Fermi corr.)

♦ SLAC Data (offshell corr.)

▲
SLAC data (PLC
suppression correction)

x
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2n
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Naive SU(6) Quark Model
d/u = 1/2

Helicity
conservation
      d/u = 1/5

1-gluon exchange
d/u = 0

§ hp} o AI6Z1 �Z¶ 6 o NPAIHBU NPHµJ
A>HBNPHKU#<>NPA o C9N o AI6 @ o U
C9NIhiHKU AI?,NPhpH
j�6 w NPAI?BC9NI6={Q@©AIHBf k|V�0]\ J
A>HBNPHKU ?,U
{
{
6 o NP69AIHKUÝ{�?�NE? � g!�[jO?B<>< o fÎhiU
}R{
hpST6=A>6=UbN�J�AI6=<>C=A>hiJ�NIhiHKU
< @©HKA�NID
6¨U o C9Mi6@?,AgC=HBAIAI69C9NIhiHKU
<9jO?B<�{
6=<>C=A>hiXL6={
hiUÊNID
67NP6 w N d k.6 ² 69AP?BM¯NID
6=HKA>69NIhiC@?,MOJ
AI69{
hiC�NPhpHKU
< @©HKA³NID
6	Z�% 1ÄMphifÎhpNP<�?BAI67hpU
{
hpC@?,NI6={�X � ?BAIA>H"`;< d

hi<ÎhiMpM o <�NPAI?,NP69{ hpU § hp} d 1KjT`;D
hiCED <>D
H"`;<6u IK ~Eu +K 6 w NPAP?,C9NP69{n@©AIHKf NID
6É<P?BfÎ6Gk|V�0]\ {
?,NE?eHKU#NPD�6
J
A>HBNPHKUr?,U
{r{
6 o NI6=A>HKUZ<�NPA o C9N o AI6 @ o U
C�NPhpHKU
< � g!�[jX`;hpNPDGNID
6ÃU o C=Mp6@?BA7C9HKAIA>6=C�NPhiHBU
<76=<�NPhifR?,NI6={ÝHKUÝNPD�6
X�?B<>hi<'HE@ § 6=A>fRh�fÎHBNPhpHKURHBU
M � Ys<%9 o ?BAI69<Ea�j�NE?Bv�hpU
}nU o C9Mi6=HBUÌHBS�tu<ID�6=MiML69ST6=C�NP<³hpUbNPH¨?,C=C=H o UbN � [ j'r!�!Y©{
h�?�t
fÎHKU
{
<Pa�j�?BU�{�?$fÎH.{
6=M�?B<I< o fRhpU
}Ã< o J
J
AI69<I<>hiHKUÉHE@�JTHBhiUbN>t�Mihiv,6�C9HKU K�} o AP?,NIhiHKU�<ÇY[FöV�\�a�hiUÌNPD�67XTH o U
{
U o C=Mp6=HKU � r �³Y�NPA>h�?BU
}BMi6=<Pa d³� D�6nU o C=Mp6@?BA]fÎH|{
69M¯{
6=JL6=U�{
6=U
C96¨hi<�?B<]M�?BA>}K6ÄHKA]M�?BA>}K6=A�NPD
?BU NID
6�<>J
AI6=?B{
hiUÝNID
6RfÎH.{
6=M*J�AI6={�hiC9NIhiHKU�<a@©HBAÄNID
6 Z % 1ÎXT69D�? ² hpHKA=jI`;D
hpCED ?BA>6$hiU
{
hpC@?,NI6={eX � NPD
6Î?BA>AIH"`;< dR� D
6
NE?,}K}K6={Ý<�NPA o C9N o AI6U@ o U�C9NPhpHKUÝfÎ69NPD�H|{ @©HKAgfR6=?B< o A>hiU
}�uHIK J
AIHKJLHK<>6={ÝD
69AI6 ² hiA�N o ?BMpM � 6=MphifÎhiU�?�NP6=<;NPD�6
o U
C96=A�NE?BhpU�NIhi69</@©A>HKf U o C9Mi6=?BA;fRH.{
6=Mp< d

E #?> � ���%	�/³) @ � ) 	��'� + ��� ' .��87 ����	 ��������������	����
c 6=?B< o A>6=fÎ6=UbNP< � 1x`�jO1K1���?,NgQB69ST6=A><IHKU V�?BX�HE@ÂNID
6 o U
JLHKM�?,AIh*)96={Ê<�NPA o C9N o AI6a@ o U
C9NIhiHKU�<�HKU D � {
A>HK}K6=U�j
{
6 o NP69AIh o f ?BU
{ÊU o C9Mi69h�hiUÌNID
6�A>6=<IHBU�?BU
C967AI6=}BhiHKUÊD�? ² 676=<>NP?BX
Mphi<ID�6={ÌNPHÃD�hi}KDÊ?,C=C o AP?BC � NPD�67AI6=fR?BA>vbt
?BX
Mp6�J�D
6=U
HBfR69U
HKUGHE@ l MiH.HKfÃt�57hiMifR?BUR{ o ?BMphpN � {
H"`;UWNIH � K �21�YÅ57698�C,Cxa K HKA]6 ² 69UÝMiH"`'6=A d 0gMp<IH
j
~gy : cWy kZD�?B<ÇHKX
<>6=A ² 6={µ{ o ?BMihªN � hiUrNPD�6RJ
A>HBNPHBUZ<>J
hiU ?B< � fÎfR6�NPA ��� e � 143 �[j!?,U
{µQKV�?BXZ{�?,NE?É?BA>6XL6=hiU�}7?BU�?BM � )=6={�NPHgNI6=<>N*{ o ?BMphpN � hiUnXTHBNIDnNPD�6³<IJ
hpU|tu{�6=JL6=U
{
69UbNöJ
AIHBNIHKU�� + e ?BU�{¨U
6 o NPAIHBU���Ie <>NIA o C�N o A>6@ o U
C�NPhpHKU
< d!� D
6�A>6=C96=UbNPM � ?BJ
J
A>H ² 6={ c Æ ¶gy : ² 0_6 w JL6=AIhpfR69UbN�?�N § 69AIfÎhiM�?,XG`;hiMpM
hiU ² 69<>NIhi}b?,NI6;{ o ?BMphpN �
hiU�U
6 o NPA>hiU
H$<>C@?,N>NP6=A>hiU
}Î?B<s`'6=MpM d

\ o ?BAIvKt�D�?B{
A>HKUÝ{ o ?BMphpN � D
6=A>6ÃAI6 @©6=AI<�NIHÌNPD
6ÃHBX
<I69A ² ?,NPhpHKUWNID�?,N�NID
6Ã<>NIA o C�N o A>6 @ o U
C9NIhiHKU
<ghiUGNPD�6
AI69<IHKU
?BU
C=6;A>6=}KhpHKUÃ?,N%MpH"` " ?BU
{ � K <ID
H"`#?�<>NIAIhiv�hpU
}7<IhpfRhpM�?BA>hpN � j"`;D
69UÎ? ² 6=AI?B}K6={ÎH ² 69A%AI6=<>HKU�?BU�C=6=<9j
NPHÎNPD
6�<IC=?BMihpU
}q<�NPA o C9N o AI6R@ o U
C9NIhiHKU
<�fR6=?B< o AI6={WhiU NID
6n{�6=6=JÝhpU
6=Mi?B<>NIhiCÄAI69}KhiHBUW?,NgD
hi}BD " ?BU
{ � K d

]



� D
hp<�J
D
69U
HKfÎ6=U
HBUÌhi<�6 ² 6=U�fRHBAI6;AI69fq?BA>v�?BX
Mi6]}Kh ² 6=URNPD�?,N�NPD�6gAI69<IHKU
?BU
C=6 �.<IC=?BMihpU
}¨{ o ?BMihªN � ?BJ
JL6@?BA><
NPHrD
HBMi{ hiU 6@?,CED HE@]NPD�6ÉJ�AIHKfÎhiU
69UbN$AI6=<>HKU�?BU�C=6�AI69}KhiHKU�<Ã<I6=J
?BAP?,NI6=M � j�hpU
{
hpC@?,NIhiU
}WNID
6�J
AI69<I69U
C=6ÉHE@
{ o ?,MihpN � HBUÊ?nAP?�NPD
69A�MiH.C@?,MLMp6 ² 6=M d � D
hiMp6g?n}BMiHKX�?,M ² 6=A><IhiHBUÌHE@�{ o ?,MihpN � j�`;hªNPDRhiUbNP69}KAP?,NIhiHKURH ² 6=A�fq?BU �
AI69<IHKU
?BU
C=69<=j¯C=?BUÝXT6�9 o ?BMihªNE?,NIh ² 69M � o U�{
6=A><>NPH.H.{ÝhiU NID
6¨C9HKUbNP6 w NÄHE@%NID
6nN `;hp<>N76 w J
?BU
<IhpHKUÝhiU \Ç\ z j
?,NÇJ
A>6=<I69UbN�NID
6$HKAIhp}KhiUÝHE@�MiH.C@?BMÂ{ o ?BMphpN � hi< o U
C9Mi6@?,AÄ?BU
{rNPD
6Î< o X2q>6=C9N�HE@�C=HKU
<>hi{
69AP?BX�Mi6¨NPD�6=HKA>69NPhpC@?BM
hiUbNI6=AI69<>N � 1x^�jO1 > j¯1 ^ � d
� D
6Ê?BJ�JT6=?BAP?BU�C=6qH�@�{ o ?BMphpN � hpU \Ä\ z hi< o < o ?BMiM � NE?Bv,6=U�NIHWhiU�{
hiC=?,NP6$NPD�?�N�NID
6q<>h*)=6RHE@�D
hp}KD
69A

N `;hi<�N]C=HKUbNPA>hiX o NPhiHBU
<³NPH$<>NIA o C�N o A>6 @ o U
C9NIhiHKU
<9j
hiU ² HKM ² hiU�}ÎMpHKU
},t�AP?BU�}K6�C=HBAIAI69M�?,NIhiHKU�<³XT6�N `�696=U�9 o ?,AIv�<
?BU
{Ý}BM o HKU�<=j�hp<g<>fq?BMpM � 1"g � d 0�<�{
hi<>C o <><I69{eX � \�MiHK<>6Ã?BU
{GÆu<>} o A � 1 > �[j�NID
6¨D
hp}KD
6=A]N `;hi<�N769ST6=C�NP<Ä?BA>6
AI69<IJLHKU
<>hiX
Mp6L@©HKA7NID
6q{
hªS�69AI69U
C=6RXT6�N `�696=U�NPD�6R<>C@?BMphiU
}É<>NIA o C�N o A>6o@ o U
C�NPhiHBUZ6 w J�AI6=<><I69{ hpUeNI6=A>fR<ÇHE@
?BU�hiU�C=HKD
69AI69U�N�< o f HE@�NPD
6Ä< 9 o ?,AI6=<]HE@ 9 o ?BAIvÌCED
?BAI}K69<=j

u K YOZTa y Z � � 
 K� �
YOZTa � Y[^Ka

?BU
{�NPD
?,N;}Kh ² 6=UÉhiUÊNP69AIfÎ<�HE@Â< 9 o ?BA>6=<]HE@8@©HBAIf @s?BC�NPHKA><=j
u e y � K���� ����� K < � � d � K
	�� Y " K ��� K
�� a ?BU
{ Y > a
u K y Yº1 <�� K ~�� K a dfe � � ��������� K < 3 ������� K < � � d � K 	�� Y " K ��� K
�� a � Y ^ a

hiU ² HBM ² hiU
}Î?ÃC=HBD
6=A>6=UbNg< o f H ² 69A�hpU
{
h ² hp{ o ?BM 9 o ?BAIv ��? ² HKA><=j

� ����� K y �����
�	� 
 � ��� ���� �����

K
� Y�gKa

~ 69AI6�NID
6ÄD
6=MphiC9hpN � ?BfÎJ
MphpN o {
6=< ��� Y � y"!Ã1 � `ba�?BA>6�{
6 K�U
69{WhiU�NP69AIfÎ<�H�@$# % #Ww�NIAP?BU�<IhpNIhiHKU
fR?,NPA>h w 6=Mi69fR69UbNP< �

��� % & # w �(' ? y)� � 1"~K3 ��*,+�.-0/ + Y[`ba � # �(' y 1#~B321 � Y [ a
`;hpNID ' Y ' ? a�NPD�6ÇD�6=MihpC=hªN � HE@�NPD�6ÇhpU
hpNIh�?BM!Y K
U�?BM�a�<>NE?�NP6Bj * +� NPD
6ÄJ
D�HBNPHKUÉJLHKM�?BA>h*)=?,NPhpHKU ² 6=C9NIHKA=j�?,U
{ / +NPD�6Ç69Mi69C9NPA>HKfR?B}KU
6�NPhiCgC o A>AI6=UbN d
ÆuUÉNID
6#��? ² HKAºtu< � fÎfÎ69NPA>hiCÄMihpfRhªN@jbNPD�6Ç{�hpST6=AI69U
C=6ÄXL69N `'6=69UWNPD
69<I6Ç{ o ?BM¯{�6=<IC9AIhpJ�NPhpHKU
<=j `;D�hiCEDÉAI6=J.t

AI69<I69U�NI< ² hiHKMi?,NPhpHKU
<]HE@ l MiH.HKfÃt�57hiMpfq?BUR{ o ?BMphpN � jThp<gJ
A>6=C=hp<I69M � { o 6nNIHqNPD
6nJ
AI69<I6=U�C=6$HE@öD
hp}KD
6=A]N `;hi<�N
69ST6=C�NP< d%z h�?B}BAP?BfÎfq?�NPhiC=?BMiM � NID
6=<>6'C=?BUÇXT6%A>6=J
A>6=<I69UbNP6={$?,<¯HBSLt�{
h�?,}KHKU�?BM 9 o ?BAIv�NPAP?,U
<IhªNPhiHBU
<=j4hiU�`;D�hiCED
NPD�6ÇJ�D
HBNPHBUÉ<>C@?,N>NP69AI<s@©AIHKf NPD
6ÄU o C9Mi6=HBU `;hªNPD�<>NIAI69U
}BNPDÉJ
A>HKJTHBA>NPhpHKU�?BMLNPH43 �(56 �87 
 � 
 �87 d%� D
6Ä6 w JT69AIhÏtfÎ6=UbNE?BM ² 6=A>h K�C=?,NPhpHKUÃHE@ l MiH.HKfÃt�57hiMpfq?BU7{ o ?BMihªN � @©HBA!NPD
6;J
A>HBNPHBU � 1 [ ��hifÎJ
Mihp6=<�NPD�?�N%NPD
6;<IhpU
}KMp6�t?9 o ?,AIv
<IC=?,NINI6=A>hiU
}$fÎ6=CED�?BU�hi<If {
HKfÎhiU�?,NI6=<³NID
6ÄhiUbNP69AP?BC�NPhiHBU�?BXTH ² 6 � K � `�� ^ YÅ57698�C,Cxa K d

:�U NID
6�HBNPD
69AÃD�?BU
{�j�hpN¨D�?B<$XT696=U HKX
<>6=A ² 6={#NID�?,N @©HKA¨NID
6�<IJL6=C9h K�C�C@?,<I6ÉHE@�NID
6�J
AIH,NPHKUOjöNPD�6
< o f H ² 6=A%NPD�6�HBS�tu{�h�?B}KHBU�?BM.C=HKUbNPA>hiX o NPhiHBU
<�3 �(56 � 7 
 � +

�� 
 � + �� 7 y_`Ä<IhifÎJ
M � XL6=C=? o <I6]HE@TNPD
6 9 o ?BA>v¨CED�?BA>}K6
?B<><Ihi}BU
fR69UbNP<ghpUÉNID
6nJ�AIHBNIHKU � 1 > � d;� D
hi<�Mi6@? ² 6=<gHBJT69UWNPD
6�JTHB<I<IhpX
hiMphpN � NPD�?,N�{ o ?,MihpN � @©HKA]NID
6nJ�AIHBNIHKU
fR? � U
HBNÄU
69C=69<I<P?,AIhiM � XL6R?,UehpU
{
hpC@?,NIhiHKUGH�@�< o J
J
A>6=<I<>hiHKUeHE@'D
hi}BD
6=A�N `;hp<>NÄ69ST6=C�NP<9jÂX o N�fÎ6=A>6=M � NPD�6
AI69< o MªNÉHE@Ã? @©HKA>N o hpNIH o <ÊC=?BU
C=69MiMi?,NPhpHKU HE@ÇNPD
69hiA�C=H.69ÍÎC=hp6=UbNP< d § HKAÊNPD�6eU�6 o NIAIHKUOj7D�H#`'6 ² 6=A9jÄNID
6=A>6
hi<$U
He< o CED C@?BU�C=6=MpM�?,NIhiHKU�j%<IhiU�C=693 �(56 � 7 
 � I

�� 
 � I �� 7;:y ` d#§ o A�NPD
69AIfÎHKAI6,jT`;hªNPD
hpU ?r<IhpfRJ�Mi6ÌD�?,AIfÎHKU
hiC
HK<>C=hiMpM�?,NIHKA 9 o ?BA>v$fRH.{
6=M[j.\�MiHK<>6g?,U
{qÆu<>} o A � 1 > � K�U�{RNPD
?,N'NID
6]U
6 o NIAIHKUq<>NPA o C9N o AI6 @ o U
C�NPhiHBU
<'<>D
H o Mp{
6 w D
hpX
hpN³< � <>NI6=fR?,NPhpC7{
6 ² h�?�NPhiHBU
<�@©AIHBf MiH.C@?,MT{ o ?BMihªN � j
?,U
{ÊNPD�?,N;{ o ?BMihªN � <>D
H o Mp{ÊH|C9C o A]?,N³D
hi}KD�6=A,"

r



@©HKA³NID
67U
6 o NPAIHBUÉNID�?BU6@©HKA�NID
6ÄJ
AIHBNIHKU d%� D
69<I6�?BAI} o fR69UbNP<�C@?,U XL6�@ o A>NID
6=A�A>6:K�U�6={WX � C9HKU
<>hi{
69AIhiU�}
fÎHKAI6�<IHKJ�D
hi<�NPhiC=?,NP69{�9 o ?BA>vÇfÎH.{
6=Mp<=jBhpU
C=M o {
hpU
} ² ?BA>hiH o <ÂfÎ6=CED�?,U
hi<>fR<�HE@Lk';nY�gba�< � fÎfR6�NPA � X
A>6@?Bv�hpU
}
� 1 ] � dg� D
6nNIA o 6nHKAIhp}KhiU
<;HE@ l MiH.HKf$tº5ÄhpMifR?BUq{ o ?BMihªN � hiUWNID
6nU o C9Mi69HKUÝC@?BUWXT6¨{�69NP69AIfÎhiU
69{=`;hpNIDWNPD�6
² 69AIh K�C@?,NIhiHKU�HE@�NPD�hi<�J
D
69U
HKfÎ6=U
HBU hpU�NID
6ÄU
6 o NPAIHBU d
ÆuUÊNPD
676=?BAIMphi6=A l : ¶ ;gkÊ6 w JT69AIhifÎ6=UbN]?,N ^.d ^$57698nj|NPD�6Ç<�NPA o C9N o AI6�@ o U�C9NPhpHKU�HE@�NPD
67U�6 o NIAIHKU6`�?B<

fÎ6@?B< o AI69{ hiUrNPD�6RU o C9Mi6=HBU AI69<IHKU
?BU
C=6RAI69}KhiHKU�j!?,N " � 3 57698nj�H ² 6=A�? AP?,U
}K6$HE@ Z ?,U
{ � K dÌ� H
NP69<>Ng{ o ?BMphpN � j�HBU
6�A>6�9 o hpAI6=<�{�?,NP?q?,N]NPD
6Ç<P?,fR6aZÝX o N�?,N]D
hi}BD
6=A � K j�hpUÉNID
6n{
696=J|t�hiU
69M�?B<�NPhpCÇA>6=}KhpHKUOj
" $ 3n57698 d�� D
hp<'6 w JT69AIhifÎ6=UbNT`;hiMiM
NID
6=A>6�@©HKA>6�J�AIH ² hi{
6]NPD
6 ² hpNE?,MLfÎhi<><IhpU
}�hpU'@©HKA>fq?,NIhiHKUU`;D�hiCED�`;hpMiM
6=U
?BX
Mi6ÎNPD
6L`�HBAIv�hiU
}B<nHE@�{ o ?BMihªN � @©HKAÄNPD
6RU
6 o NIAIHKUZNPHWXL6RNI6=<�NP6={�@©HBAÇNID
6!K�A><>N�NPhifÎ6R?,N�NID
6q<I?BfÎ6
Mi6 ² 69M�?B<s@©HKA³NPD
6ÄJ
A>HBNPHBU d

E #FE "$�%	�&'��(%)�� �%	��
�'� + .34.��	 .��7���5.º��� �7�7��
��6.º����4
F!?,A>NPHBU {�hi<>NIAIhpX o NPhpHKU�@ o U
C�NPhpHKU
<ÉY[F z7§ <Pan}Kh ² 6ÌNPD
6�J
A>HKX�?BX�hiMihªN � NPH�K�U
{ J�?BA�NPHKU
<ÃhpU ?rD
?B{
AIHBU ?,<
?�@ o U
C�NPhpHKU HE@ÄNPD
6 @©AI?BC9NIhiHKU Z_HE@ÄNPD�6eU o C9Mi69HKU	�¡<ÊfRHKfÎ6=UbN o f C=?BAIA>hi69{ X � NPD
6ÝJ�?,A>NPHBU d FÂ?BA>NIHKU
{
hp<>NPA>hiX o NPhiHBU
<*?BA>6³{
6�NP6=A>fRhpU
6={U@©A>HKf�6 w JT69AIhpfR69U�NP?BM
A>6=< o MpNP<!}K6=U
69AP?BMpM � HKUÃ<ID�HKA>Nö{
hp<>NP?BU
C=6�<IC@?�NINP69AIhpU
}
HE@TNPD
6]J�?BA�NPHKU
<9jbN � J�hiC@?,MiM � @©AIHKfÑ}KMiHKX
?BM K
NI<�NIHn?	`;hi{
6;AI?BU
}K6;HE@�J
AIH.C=69<I<I69<�?BU
{Î{�?,NP?7tÂ< o CEDÌ?B<�{
696=J
hiU�6=M�?,<>NPhpCn<>C@?,N>NP6=A>hiU
} d F%A>6=C=hp<I6$v�U
H"`;Mi69{
}K6ÃHE@öNPD�6ÃU o C=Mi69HKU	�¡< ��? ² HKA7<�NPA o C9N o AI6Î?BU
{ÝJ�AI6=C9hi<>hiHKUGNI6=<>NI<
HKUÊNPD�6Ç6 ² HKM o NPhpHKUÊHE@ÂMi6=?B{
hiU�}nN `;hi<�N;J�?BA>NIHKU�{
6=U�<IhpNIhi69<�?,<�J
AI69{
hiC�NP6={ÉX � \Ä\ z ?,AI67vB6 � 9 o 6=<�NPhpHKU
<;HE@
J
A>6=<I69UbN;{�? � <>N o {
hp6=<³HE@�<�NPA o C9N o AI6�@ o U�C9NPhpHKU
< d k o CED ��? ² HKA�{
6=C9HKfRJLHK<>hpNPhpHKUqA>6�9 o hpAI6=<�K�AI<�N@j
D
H"`'6 ² 6=A
Y[?Ka7<>6=J�?,AP?,NIhiHKUZHE@�NID
6 ��? ² HKAÇU
HKU|t�<IhiU�}KMi6�Nn?,U
{ <>hiU
}KMp69NÄ6 ² HKM o NPhpHKU � ?,U
{ Y©X�aÄJ�AI6=C9hi<>hiHKUev�U
H"`;Mi6={�}K6
HE@,&��R?BU
{ (��ÎhiUZNPD
6R6=UbNPhpAI6oZ
t�AP?BU
}B6Ît7h @�JLHK<I<>hiX
Mp6�`;hpNID NPD�6Ì<P?BfÎ6Ì?,C=C o AP?BC �Kd :�U
6ÌHE@�NID
6ÌfÎHK<>N
@ o U
{
?BfR69UbNE?BMLJ
AIHBJT69A>NPhp6=<'HE@ONPD�6gU o C=Mp6=HKUqhi<'NID
6g<�NPA o C9N o AI6�h @¯hpNI< ² ?BMp6=U
C96 9 o ?BA>vR{�hi<>NIAIhpX o NPhpHKU
<9j|?,U
{
NPD�6Ç{�H#`;U ² ?BMi69U
C=6 9 o ?BA>v�<�C=?BU XL6ÄXT69<>N]fÎ6@?B< o AI69{ HBSGU
6 o NIAIHKU�< d
0gMªNPD
H o }KD�NPD
6�F z7§ <$?,AI6Ì}K69U
6=AI?BMiM � `'6=MpM�{
6�NP69AIfÎhiU
69{ hpU�NPD
6Ê<>fq?,MiM'?BU
{ fR69{
h o f Z
t�AP?BU�}K6=<9j

hpNÄD
?B<ÄXT696=U <>D
H"`;UZNID�?,N7NPD�6=hiA o U�C=6=A�NE?BhpUbN � }KAIH"`;<ÇAP?BJ�hi{
M � @©HKA	Z $Ñ`��p1 d ÆuUrNPD
6$J�?,<>Na@©6�` � 6@?BA><
NPD�6=AI6�D�?B<�XT696=UÌC9HKU
<>hi{
69AP?BX
Mp6�J�AIHK}KA>6=<><'NPH"`�?BAI{�< o U
{�6=AI<�NE?BU�{
hiU
}n<IHKfÎ6�H�@�NPD�6 o U
C96=A�NE?BhpU�NIhi69<'hpURNPD�6
hiU�{
h ² hi{ o ?BMBfÎ6@?,< o A>6=fÎ6=UbNP<�NPD�?�N�C=HKUbNPA>hiX o NP6%NPH;H o A�v�U
H"`;Mi69{
}K6öHE@.NPD
6öMi?BAI}K6vZnJ�?BA�NPHKUÄ{
hp<>NPA>hiX o NPhiHBU
<=j
X o NghiUÉ<IHKfÎ6ÇC@?B<>6=<gNID
hi<]D�?B<�Mi6={ÉNPHq?BUWhpU
C=A>6@?B<>6nhiUÉNPD
6 o U
C96=A>NP?BhiUbN � HE@*NID
6nMi?BAI}B6aZeF z7§ <]AP?�NPD
69A
NPD
?BU ? A>6={ o C9NPhpHKU �?^ � d § hi} d 3 <ID�H#`;<�NPD�6 o U
C=69A>NE?,hiUbNPhp6=<ÊhiU NID
6Z\ �;y \ag o J ?BU
{ {
H"`;U 9 o ?BAIv
{
hp<>NPA>hiX o NPhiHBU
< d�� D
6Ç< o X
<�NE?BUbNIh�?BM o U
C96=A�NE?BhpU�N � HBUÉNID
6�{�H#`;U 9 o ?BAIv�{
hp<>NIAIhiX o NPhpHKU�?,N]M�?BA>}K6	ZGhp<]{ o 6
M�?,AI}K69M � NIH]NID
6�M�?BCEv7HE@
? ² ?,hiM�?,X
Mi6*{
?,NE?�j,?BU
{ÄNPD�6'< o X
<>NP?BUbNPhi?BM o U
C=69A>NP?BhiUbNPhp6=<Â?B<I<>H|C9h�?,NI6={a`;hpNID�U
6 o NPA>HKU
{�?,NP?Ã6 w NPAI?BJTHBM�?,NI6={6@©AIHKf {
6 o NI6=A>HKU fÎ6@?,< o A>6=fÎ6=UbNP< d
� D
6 l : ¶ ;�k U
6 o NPA>HKUÝ<>NIA o C�N o A>6G@ o U
C�NPhpHKUW{�?�NE?Ì?,N�M�?,AI}K6aZ `;hiMpM¯XT6�hiU
C9M o {
69{GhiU }KMiHBX�?BM�F z7§

K
N>NPhiU�}R6�S�HKA�NP<9jL< o CEDG?,<�\ �;y \¨jLNIHRA>6={ o C=6�NID
6=<>6 o U
C=69A>NE?,hiUbN � X�?BU
{
< d \ �;y \Ñhi<;C o AIAI69UbNPM � hpU ² 6=<ºt
NPhp}b?,NIhiU
}Ã?Ã{ o ?BMihªN � t�X�?B<>6={É?BJ
J
A>Hb?BCED�NPH o NPhpMih )=6�NID
6 ^|d ^q57698 l : ¶ ;�kÊ{�?,NE? d
� 6qfR69U�NIhiHKU�j*?B{
{�hpNPhpHKU�?BMpM � jONPD�?,NnAI69Mih�?,X
Mi6$v�U
H"`;Mi69{
}K6ÌHE@³J�?BA>NIHKU�{
hp<>NIAIhiX o NPhpHKU
<�?,NnMi?BAI}B6LZ hp<

C=A o C=hi?BM³NPHefR?BU � <I6=?BAICED
69<�@©HKA$U
6 ` J
D � <IhpC=<q<>hi}KU
?BMi<ÃXL6 � HKU
{ NID
6É<>NE?,U
{�?BA>{ fÎH|{�6=M�hiUµNID
6 U�6 w N
}K69U
6=AI?,NPhpHKU�HE@!C9HKMiMphi{
69A�6 w JL6=A>hifÎ6=UbNP< �?^ � d

E #�� �������
	��'�	� ' ��4.�6.�
��]
¯�!�.�
��	 .���&
� D
6e6=Mi?B<>NIhiC @©HKA>f @s?BC9NIHKAI<�HE@ÇNPD�6ZU o C9Mi6=HBUÖ?BA>6ÝNPD
6efRHB<>N�X�?B<>hiCrHKX
<>6=A ² ?,X
Mi69<<`;D
hpCED_A>6���69C9N hpNI<
C=HBfRJLHK<IhªNP6RU�?,N o AI6 d 0g<U`;hªNPD�NPD�6Ê{
6=69J hpU
6=Mi?B<>NIhiCq<�NPA o C9N o AI66@ o U
C�NPhpHKU
<=jö?ÝC9HKU
<Ihp{
6=AI?BX
Mp6ÌXTH.{ � HE@
{�?,NP? U
H"`26 w hp<>NI<nHKUeNPD
6R6=M�?,<>NPhpC$6=Mi69C9NIAIhiCÎ?BU�{�fq?,}KU
69NIhiC @©HKA>f @s?BC9NIHKAI<ÇHE@³NID
6RJ�AIHBNIHKUOj8`;D�hiMi6$NPD�6

1x`



§ hp} o AI6%3 � ;�U
C96=A�NE?BhpU�N � X�?BU
{
<D@©HKAONID
6 o ?BU
{Ç{ 9 o ?BAIv�{�hi<>NIAIhpX o NPhpHKUj@ o U�C9NPhpHKU
<�?,N � K y 1x`;57698 K ~!� K d
� D
6Ç<IHKMphi{ÊMphiU
6�hp<]\ �;y \ ^Bc 1¨?BU�{�NID
6Ä{
HBN>NP6={Éhi< c :gk � 3,`K`�1 d

?BU�?,MiHK}KH o <�@©HKA>f @s?,C9NPHBAI<ÌHE@7NID
6ÝU
6 o NPA>HKU ?BAI6Wv.U�H#`;U f o CED Mp6=<><Ê?BC=C o AP?�NP6=M � ?BU�{ H ² 6=A�?�fÎHKAI6
MihpfRhªNP69{ÌAP?BU�}K67HE@Âv.hpU
6=fR?,NIhiC=< d
� D
6öfq?,}KU
69NIhiC�@©HKAIf @s?BC9NIHKAOHE@�NPD�6�J�AIHBNIHKU7hi<OA>6@?B<>HKU�?BX�M � `'6=MpMK{
6�NP6=A>fRhpU
6={7NIH,� K yÖ^K`ÄY[5Ä6�8 C��9a K d

0gC9C o AI?,NP6nfR6=?B< o A>6=fÎ6=UbNP<gHE@*NPD�6¨U
6 o NPAIHBUGfq?,}KU
69NIhiCa@©HKAIf @s?BC�NPHKA9j � I � Y � K a�jTC o AIA>6=UbNPM � 6 w NI6=U
{GNIH
� K � ^ YÅ57698�C��9a K Y y r > tº`�1 [ � 1"r.j¯3B` ��a�jf`;hpNIDÝJ
M�?,U
<�NIHÊfR6=?B< o A>6 � I �ÊY � K a;NIH�� K � 1 > YÅ57698�C��=a K
`;hpNIDWNPD�6 o J
}BAP?B{
69{e\³V¯07kT143Î{
69NI6=C9NIHKA7?,N�? 143q5Ä6�82\ yöl 0 § � 1"r � d�� D
6=<>6Ã6 w JT69AIhpfR69U�NI<�hiU ² HKM ² 6
9 o ?B<>hªtu69M�?B<�NPhpCÇ<>C@?,N>NP69AIhiU�}o@©AIHKf NID
6n{�6 o NI6=AIHBUOjf`;hªNPDWfÎ6@?,< o A>6=fÎ6=UbN�HE@%NID
6nAI?,NPhpHRH�@%<IC=?,NINI6=AI69{ÝU
6 o t
NPA>HKUWNIHÌJ
AIH,NPHKUG6 ² 69U�NI<7NPHÌ{
6�NP69AIfÎhiU
6 � I �U~ � + � d ;�U'@©HBA>N o U�?,NP69M � j 9 o ?B<>hªt�6=M�?,<>NPhpC�fÎ6@?,< o A>6=fÎ6=UbNP<7?�N
D
hp}KD � K A>6�9 o hiA>6ÊfRHBAI6Ì69M�?BXLHKAP?�NP6RNIAI6=?,NPfÎ6=UbNP<ÃH�@�U o C9Mi6=?BAÃC=HKA>AI69C9NPhpHKU
<9j�hpU
C=M o {
hpU
}WNPD�6Ê69ST6=C9NI<ÃHE@
AI69M�?,NIh ² hpN � j K�U
?BM¯<>NP?,NP6ÄhiUbNI6=AP?,C9NPhpHKU
<9j�?BU
{�JLHK<I<>hiX
Mp67U
HKU|t�U o C=Mi69HKU
hpC7{
6=}KA>6=69<�HE@8@©AI696={
HKf d
� D
6¨A>6=C=69UbNÄ6 w JT69AIhpfR69U�NI<7?,N c 0 c ÆEj l ?,NI6=<7?BU�{rQKV�?BXGfÎ6@?B< o AIhpU
}q{
H o X
Mi6�<IJ
hpUr?B< � fÎfR6�NPA>hi6=<

hiU 9 o ?B<>h �.69M�?B<�NPhiCÃ<>C@?,N>NP69AIhiU�} HBS {�6 o NI6=AIHBUµ?BU
{ c ~ 6$NE?BA>}K69NI<Ç?BMiMpH#`Ñ?�U
6@?BA>M � fÎH|{�6=M ��hiU
{
69JT69U
{
69U�N
6 w NIAP?BC�NPhiHBUqHE@ONID
6��������
	 � I � ~ � I �Rj o JRNPH'� K HE@�?,XTH o Ng1 d_^ Y[5Ä6�8 C��9a K d ÆuU�@ o N o AI6�6 w JT69AIhpfR69U�NI<=j.NPD
hp<
fÎ69NPD�H|{U`;hpMiM.XT6�6 w NI6=U
{�6={$NPHÄ6 ² 6=UÎD
hi}KD�6=A � K d%~ H#`'6 ² 6=A9j.NIH76 w NPAI?BC9N�?BX�<IHKM o NP6 ² ?BM o 6=<*H�@T69hpNID
6=A � I �
HKA � I � j
HBU
67U
6=69{
<�NPH$fÎ6@?B< o AI67C9AIHK<><]<>6=C�NPhiHBU
< d%� D
6Ç? ² ?BhiMi?BX
hpMihpN � HE@Â?¨U
6@?BA>M � @©AI6=67U�6 o NIAIHKUÊNE?,AI}K6�N
@©HKA'C=AIHB<I<³<>6=C9NIhiHKUÊfÎ6@?,< o A>6=fÎ6=UbNP<�`;hpMiM�6=U
?BX
Mi6�HKU
6gNIH¨fÎ6@?B< o AI6�{�hpST6=AI69UbN³C=HBf¨X
hiU
?,NPhpHKU
<�HE@ � I � ?,U
{� I � ?,N o U
J
AI69C=69{
6=UbNP69{ÊD
hi}BD � K j�6=<><I6=UbNIh�?BMpM � @©A>6=6s@©AIHBf o U
C96=A>NP?BhiUbNIhi6=<�@©A>HKf�U o C=Mp6@?BAö6�S�69C9NP<'?B<�`'6=MiM
?B<;U
6 o NPA>HKU {�69NP69C9NIhiHKUÉ69ÍÎC=hp6=U
C9hi69< d
y�w JL6=A>hifÎ6=UbN y r > tu`�1 [ 6 w NPAI?BC9NI6={ NPD�6Gfq?,}KU
69NIhiC @©HKAIf @s?BC�NPHKARHE@7NPD�6GU
6 o NPAIHBUOj � I �qj @©A>HKf ?

fÎ6@?B< o AI69fR69U�NÄH�@'NID
6$C=AIHB<I<Ä<I69C9NPhpHKUrAP?,NIhiH
jdx
�³j¯HE@�9 o ?B<IhÏtu69M�?B<�NPhiC�6=Mp6=C9NIAIHKU.tuU
6 o NPA>HKUe?BU
{r6=Mp6=C9NIAIHKU.t
J
A>HBNPHKUq<IC@?�NINP69AIhpU
}ÃHKUÊ?n{�6 o NI6=AIh o f2NE?BA>}K69N=jm`;D
hpCEDÊhi<�U�6@?BA>M � 6�9 o ?BMLNPH¨NID
6j@©AI696gU o C9Mi6=HBUÊ6�tuUÌNIH¨6�t�J
C=A>HK<I<]<I69C9NIhiHKU�AP?�NPhiH

x
��y��LY � K a
������ � � ��� ������ �

�
e ��� < 3���Y � I � a K NE?,U K Y
�a~K3Ba

����� � � � ��� ����� � �
�

e ��� < 3���Y � + � a K NE?,U K Y
�a~K3Ba �
`;hpNID���y  �! � � dÊz 69NP?BhiMp<7C@?BUZXT6 @©H o U�{ hiU � 3B` � dÌ� D
hp<�AI?,NPhpH fÎ69NID
H|{Z?BMp<IHÉAI6�9 o hpAI69<�hpU'@©HKAIfR?,NIhiHKUHKUÊNPD�67J
AIHBNIHKU�6=Mi?B<>NIhiC�<>C@?,N>NP6=A>hiU
}$C9AIHK<><]<>6=C�NPhiHBU ?,U
{ � I � dö� D
67NIHBNE?BMTJ
AIH,NPHKU�6=Mi?B<>NIhiC�C9AIHK<><;<I6=C�NPhpHKU
D�?B<�XL6=69U6`�69MiM�fÎ6@?,< o A>6={É?BU
{Oj�`;D
hiMp6gNPD�6 o U
C96=A>NP?BhiUbNIhi6=<�HBU � I � ?BA>6�M�?,AI}K6,j � I � hp<�<>fq?BMpMTC9HKfÎJ�?BAI69{

1K1



§ hp} o AI6Ä^ ��� D
6Çfq?,}KU
69NIhiC�@©HKA>f @s?BC9NIHKA;HE@!NID
6ÇU
6 o NIAIHKU U
HKA>fq?BMph*)96={ÊX � NPD
6Ç{
hiJLHKMp6j@©HKAIf @s?,C9NPHBA�?,<
?U@ o U
C�NPhiHBUÉH�@ � K @©A>HKf 6 w JL6=A>hifÎ6=UbN y r > tº`|1 [ � 3,`!� d

NPHGNID
6ÌHBNID
6=AR@©HKAIf @s?BC9NIHKAI<9jö?BU
{µhªNP<nC9HKUbNPA>hiX o NIhiHKUZNPHGNPD�6 ² ?BM o 6qHE@�NPD
6qAP?,NIhiHG{
hpfRhpU
hi<>D
6=<�?B<'� K
XL6=C=HBfR69<]Mi?BAI}B6=A d!� D
6�A>6=< o MpNs@©A>HKf 6 w JL6=A>hifÎ6=UbN y r > tº`|1 [ hi<�<ID�H#`;U hiU § hp} d ^ d
� D
6ÊU
6 o NPA>HKU @©HKAIf @s?BC�NPHKA � I � fÎ6@?B< o AI69fR69UbNP<U`;hiMpM'XL6Ì6 w NI6=U
{�6={ o J�NPH � K y 1 > 5Ä6�8 K ~�� K

`;hpNIDr?Ê{
6={
hpC@?,NI6={Z\³V¯07kT1x3Ê6 w JT69AIhifÎ6=UbN d : o A7J
A>HKJTHB<P?BMÂC@?BUrC=A>HK<I<ºtuCED
69CEvÝNPD
HK<>6ÃAI69< o MªNP<	`;hpNIDr?BU
hiU�{
6=JL6={
69UbNgfÎ6@?B< o AI69fR69UbN]NID�?,N;{
H.6=<;U
H,N;AI6=M � HKU�U
6 o NPA>HKU {�69NP69C9NIhiHKUÉ69ÍÎC=hp6=U
C �Kd

E #�� & ������	 � � 7
46.º
 4 �R��A�.�
 4�� 
¯
¯� 4 4 . � ' ��� .��
� + & � 0��
� D
6 @©HKMiMpH"`;hiU
}GJ�D � <>hiC=<$NPHBJ
hiC9<R?,AI6�?BMp<IHrHE@�D�hi}KD C o AIAI69UbNRhpUbNP6=A>6=<�N@j³?,U
{+`;hpMiM³XL6=C9HKfÎ6�?BC=C96=<I<>hiX
Mp6
`;hpNIDGNPD
6Ã<I?BfÎ6¨AI69C=HKhpMÂ{
6�NP69C9NPhpHKUÝNP69CED
U
HKMpHK} � o <I69{ @©HKA l : ¶ ;gk d¯~ H"`'6 ² 6=A=j�?,N�J
AI69<I6=UbNÇU
HBN7?BMiM�HE@
NPD�6nU
69C=6=<><P?BA � 6:9 o hiJ
fÎ6=UbN�HBA�C=?BMiC o M�?,NIhiHKU�<�?,AI6ÇhiUWD
?BU
{OjT<IHÌ?L@ o MiM¯6 w JLHK<>hpNPhpHKU�`;hpMiM¯D�? ² 6nNPHq?"`�?BhªN
<I69J�?BAI?,NP6Ä{
69{
hiC=?,NP69{ J
A>HKJLHK<P?BMp< d

9�� F��$� cX��k��
	 B����%��7�0J�ONf��KM��01(*�n�R�#(DC�78�E!"�$(*�
F%AIH.{ o C�NPhiHBU H�@gfÎ6=<>HKU
<ÃhiUµNID
6�C o A>AI6=UbN @©AP?,}KfR69UbNE?,NIhiHKU�A>6=}KhpHKU HE@]<I69fRhÏtuhiU�C=M o <Ih ² 6Ì{
696=J|t�hiU
69M�?B<�NPhiC
<IC=?,NINI6=A>hiU
} @©AIHKf U o C=Mp6=HKU
<Îhi<Î?BU hifÎJLHKA>NP?BUbNÃfR6�NPD
H.{ HE@�hp<IHKMi?,NPhpU
}G{
hªS�69AI69U�N ��? ² HKAI<ÎHE@�J
?BA>NIHKU
< d
z 69NI6=C�NPhiU�}RJLHK<IhªNPh ² 6=M � HKA;U
69}b?,NIh ² 69M � CED�?,AI}K69{WJ
hpHKU
<=j @©HBA]hpU
<>NP?BU
C96Bj�HBSÝNPD�6�J
A>HBNPHBUG?,N]M�?,AI}K6�Zr?,U
{
M�?,AI}K6��Ry�
��%~ � J
A>6�@©69AI6=UbNIh�?BMpM � <I6=Mp6=C�NP<,&W?,U
{ (=9 o ?BAIv�<9j�AI6=<>JT69C9NIh ² 69M �Bd � D
hpMi6�<>6=fÎhªt�hiU
C9M o <>h ² 6 z Æ�k
{�?,NP?Ý?BAI6qAP?BJ
hp{
M � ?BC9C o f o M�?,NIhiU
} hiU�69Mi69C9NPA>HKU <IC=?,NINI6=AIhpU
}=@©A>HKf J�AIHBNIHKU
<=jöU
HÝ<>6=fÎhªt�hiU
C9M o <>h ² 6Î{�?,NP?
6 w hp<>N/@©HKA�U
6 o NPA>HKUÉNP?BAI}B69NP< d
0 U
?,N o AI?BM76 w NI6=U
<>hiHKU_HE@�NID
6 l : ¶ ;�k NP69CED
U
h 9 o 6ehiU hiU�C=M o <Ih ² 6 z Æ�k H,S�NPD
6eU
6 o NPAIHBUÖhi<ÌNIH

C=HBU
<Ihp{
6=A�� ��� ��� ����������� ��� � z Æ�k @©AIHKf ?ÄU
6=?BAIM � t @©AI696]U�6 o NIAIHKURhiU$NPD
6]{
6 o NP6=A>HKU d 0 ² ?,hiM�?,X
hiMphpN � HE@�<I6=fÎhªt
hiU�C=M o <Ih ² 6RU�6 o NIAIHKUZ{�?,NE? `;hiMpM%}KAI6=?,NPM � C=HKfÎJ
Mp6=fÎ6=UbNÇH o A�?BX
hiMphpN � NPHWJL6=A @©HKAIf ��? ² HKAn<>6=J�?,AP?,NIhiHKUeHE@

143



J�?BA�NPHKU {�hi<>NIAIhpX o NPhpHKUP@ o U
C9NIhiHKU
< d ÆuU ?B{
{
hªNPhiHBU NPH J
hiHKU�<=j;HKX
<>6=A ² ?,NIhiHKU H�@Ç?��
� ?B<qNPD�6ÝMi6@?,{
hiU
}

fÎ6=<IHBUÊJ
AIH.{ o C96={�hiUÌNID
6�C o AIAI69UbN @©AI?B}KfÎ6=UbNE?�NPhiHBUqAI69}KhiHBUo`�H o Mi{ÊhpfRJ
M � <IC@?�NINP69AIhpU
}U@©AIHKf 6=hªNPD
69A�? &
HKA �� 9 o ?,AIv d k.hiU
C96Îhp<IHK<>J
hiUr< � fÎfÎ69NPA � hifÎJ
Mphi6=<]NPD�?�N �� + y �� IeYs?BU
{�& + y (�Iba�j�X � {�69NP69C9NIhiU
}�� �
fÎ6=<IHBU
<�H,SµNPD
6$J
A>HBNPHKUeHKAÄU
6 o NPA>HKUOj!HBU
6 `�H o Mi{eXT6Î<I69U
<IhªNPh ² 6ÎNIHÉNID
6 &�HKA ( 9 o ?BA>vÝ{
hi<�NPA>hiX o NIhiHKU
hiU�NID
6ÊJ
A>HBNPHKU�j'A>6=<IJL6=C�NPh ² 6=M �Kd :gNID
6=AÃ6 w ?,fRJ
Mp6=<ÃHE@;NID
6�XT69U
6:K
NI<$HE@]D�? ² hpU
}rU
6 o NPAIHBU NP?BAI}B69NP<U@©HBA
<I69fRhÏtuhpU
C=M o <Ih ² 6 z Æ�k hiU�C=M o {
6n?,C=C=69<I<gNIH ��? ² HBA�?B< � fÎfÎ69NPA>hi69<�HE@%NID
6nJ�AIHBNIHKUW<>6@?�j �( � �&¯j�?B< `'6=MpM!?,<
JLHK<I<>hiX
Mp6�NP6=<�NP<]HE@Âhi<IHB<IJ
hpUÉ< � fRfÎ69NIA � X�AI6@?,v.hpU
}ÎhpNP<>6=M @ÂhpU�J�?BA>NIHKU�{
hi<�NPA>hiX o NIhiHKU�< d

9�� F�� A K �2��017��3�$��W�!"��� KM��01(*���G�$(*7�C
ÆuUrNPD
6Î6@?BA>M � 1Jr [ `B<9j!k o MiMph ² ?BU � 3|1��öJLHKhiUbNI6={eH o NÄNPD�?�N�69Mi69C9NPA>HKU z 6=6=JeÆuU
69M�?B<�NPhiCRk|C=?,NINI6=A>hiU
}ZY z Æ�k�a
HBS ?ÊJ
A>HBNPHBUrNP?BAI}B69NÄhiU�C=M o {
6=<Ä?ÊC=HBU�NIAIhpX o NPhpHKUÝHKA>hi}KhpU�?,NPhpU
}�@©A>HKf <>C@?,N>NP69AIhiU�}ÉH,S�NPD
6$fÎ6=<>HKUrC=MiH o {
HE@ONID
6gU o C9Mi69HKUOj
?,<�<ID�H#`;UÊhpU § hp} d%>
d*� D�hi<�<>H,tuC=?BMiMp6={qk o MpMih ² ?BUÎJ
A>H|C96=<I<T`³?B<'<ID
H"`;UÌNIH¨JT69AI<>hi<>N'6 ² 6=U
?,N�M�?BA>}K6 � K <IC@?,Mi6=< d 0gU hpfRfÎ6={�h�?,NI6¨C=HKU�<I6�9 o 69U
C=6�HE@'NPD
6Ìk o MpMih ² ?BUrJ
A>H|C96=<><nhi<ÄNPD
?,N�NID
6qU o C9Mi69HKU
J�?BA�NPHKU�{
hi<�NPA>hiX o NIhiHKU�<�C9HKUbNE?BhpUÃ?�C9HKfÎJTHKU�6=UbN�`;D
hpCED¨C@?,UnXL6³?,N>NPAIhpX o NI6={�NIHgNPD�6�fÎ6=<IHBUnC=MpH o { d ÆuUnNPD�6
6@?,AIM � 1"r ] `B<=j � D�HKfq?,< � 3K3 �%J
A>6={
hpC9NP69{r<I6 ² 6=AI?BM%hifÎJ
MihpC@?,NIhiHKU�<]H�@�NID
6Îk o MpMih ² ?,UGJ
AIH.C=69<I<	@©HKA�U o C9Mi69HKU
J�?BA�NPHKUÎ{
hp<>NPA>hiX o NPhiHBU
< o <IhpU
}�?ÇC9MiH o { � t�X�?B}ÇfRH.{
69M'@©HKAö{
6=<>C=A>hiX
hpU
}ÇNID
6]fR69<IHKUÎC=MpH o { d ÆuURJ�?BA�NPhiC o M�?,A=j
hpNs`�?B<]J
AI69{
hiC�NP69{ NPD
?,N�NPD
6ÇU o C=Mp6=HKUÉ<I6=?R<>D
H o Mp{ D�? ² 6n?BU o J C�{
H"`;UW<I6=?�t?9 o ?,AIv ��? ² HBAg?B< � fRfÎ69NIA � j
?B< `�69MiM�?B<�?,U � ~ �� ?B< � fÎfÎ69NPA � @©HKA;NPD
6�<>NPAI?BU
}K6 9 o ?BAIv�<>6@? d k o J�JTHKA�Nj@©HKA]?BU o J C,{
H"`;UG<>6@?�tF9 o ?BAIv

e

e’

N N

π

X

§ hp} o A>6 > �%� D
6nk o MpMih ² ?BUqJ
AIH.C=69<I< d
��? ² HBA ?,< � fRfÎ69NIA � `³?,<ÉhpU
hpNIh�?BMpM � J�AIH ² hi{
69{ hpU NPD
6Ý6=?BAIM � 1"rErK`��¡<ÊX � NPD
6 ¶gc \ C9HKMiMi?BXTHBAP?,NIhiHKU	�¡<
fÎ6@?B< o AI69fR69U�N � 3B^ �!H�@ ² hpHKM�?�NPhiHBUÉH�@%NPD
6nNID
6Ã57HBN>N @©AIhp6={Gk o f : o Mp6 d ÆuU
{
69JT69U
{
6=UbNÇC=HBU K�AIfR?,NIhiHKUÉHE@
NPD�6 �(�~ �& ��? ² HKA�?,< � fRfÎ69NIA � `�?B<gMi?,NP69A;J
AIH ² hi{
69{WX � z AI69MiMªt��'?BUÊ6 w JL6=A>hifÎ6=UbNP< � 3 ^ jT3Eg�jT3 [ jT3 ] �!?,U
{
NPD�6Ç<>6=fÎhªt�hiU
C9M o <>h ² 6 z Æ�kÊfÎ6@?,< o A>6=fÎ6=UbNP<�?,N ~gy : cWy k � 3Er � d
� D
6n< o C=C96=<><�HE@!NID
6nfÎ6=<>HKU|t�C=MiH o {�fRH.{
6=M�hpUÉ6 w J
M�?BhpU
hiU�}$NID
6 �( � �&Ý?B< � fÎfR6�NPA � < o }K}B6=<>NI<�NID�?,N�?{
hpAI6=C�N�fR6=?B< o A>6=fÎ6=UbN�HE@LNPD
6]fR69<IHKU$C9MiH o {ÎhiU z Æ�kÃ<ID
H o Mi{$XL6/@©6=?B<IhpX
Mi6 d 0³N�NPD
6 ~�y :;0 6�t�JRC9HKMiMphi{
69A=j

fÎ6=<IHBUÉ<�NPA o C9N o AI6�@ o U�C9NPhpHKU
< `'6=A>6ÇfÎ6@?,< o A>6={�hiU�?¨D�?,AI{�{
hpSTAP?,C9NPh ² 6�J�AIH.C=6=<><=j `;D
69AI6	@©HKA `³?BA>{|tu}BHKhiU
}
U
6 o NPA>HKU
<]HKA�J
AIH,NPHKU
<s`'6=A>6ÇNP?B}K}K69{ÉhpU�C=HKhpU
C=hp{
6=U
C96	`;hpNPDÊNID
6 z Æ�kÊ6 ² 69U�NI< � ^K^!� d
c 6@?,< o A>6=fÎ6=UbNP<7HE@*fR69<IHKUG<�NPA o C9N o AI6G@ o U
C9NIhiHKU
<�C=H o Mi{WXL6n{�HKU
6G`;hªNPD NID
6 l : ¶ ;�kÉNP?BAI}B69N7?,U
{

{
6�NP6=C�NPHKA7< � <>NP69f o <IhpU
}ÌNPD�6ÃAI6@?,C9NPhpHKU
<	��Y 
 � 
 ? �La�
 ?BU
{ (LY 
 � 
 ? ����a�
 dÇ� D
6=<>6$J
AIH.C=69<I<I69<�C9H o Mp{r?BMi<>HC=HBU�NIAIhpX o NP6g?�X�?,CEv.}BAIH o U�{ÌNPH�NID
6#(LY 
 � 
 ? �La

 fÎ6@?B< o AI69fR69U�N�HE@ONID
6gU
6 o NPA>HKUÊ<>NIA o C�N o A>6j@ o U
C�NPhpHKUqhpUl : ¶ ;gkTj¯h @öNID
6Ã{
69NI6=C�NP6={ZJ
AIH,NPHKU `�?B<7NPD
6$AI69< o MªNÄHE@�NPD
6Rk o MpMih ² ?,UGJ
AIH.C=69<I<ÄhiU�<>NP6=?B{rHE@'XT69hiU
}ÊNPD�6
<IJL6=C�NE?,NIHKA d
� HÎfR?BvB6ÄfÎ6@?B< o AI69fR69U�NI<;HE@ÂNID
6ÄJ
hiHBUÉ<�NPA o C9N o AI6a@ o U
C�NPhiHBU o <IhiU�}$NID
6�k o MpMih ² ?BUÊJ�AIH.C=6=<><�NPHÎJ
AIH,t

² hi{
6Ç?$J
hiHBUÉNP?BAI}K6�N;hiU�NPD
6Ä<>6=fÎhªtuhpU
C=M o <Ih ² 67A>6@?BC�NPhiHBU (LY 
 � 
 ? ����a�
µj�NPD�6Ç<>JT69C9NP?,NPHKA]J
A>HBNPHKU `'H o Mi{ÉXL6{
6�NP6=C�NP69{ÝhiU l : ¶ ;�k A>6=C9HKhiM�{
6�NP6=C�NPHKAg?BU
{WNID
6nJ�AIHBNIHKUWA>6=< o MpNPhpU
}�@©A>HKf NPD�6nJ
hpHKUW6 w CED
?BU
}K6¨fÎhi}BD�N

1x^



XL6Ã{
69NI6=C9NI6={ehiU l : ¶ ;�kG{
69NI6=C�NPHKA7HKAghiUGNPD�6Î\³V�0�kT143q{
6�NP69C9NPHBA d F%AI69MihpfRhpU�?BA � <>hif o M�?,NIhiHKU
<]hiU�{
hªt
C@?�NP6ÄNPD�?,N]NPD�6nJ
A>HBNPHKU�<�A>6=< o MpNPhpU
} @©AIHKf J
hpHKUW6 w CED�?BU
}K6n?BAI6�{
HKfÎhiU�?,U�NIM � @©HKA `�?BAI{.tu}KHKhpU
}Î?BU
{GD
? ² 6
<IHBfR6 `;D�?,N]D
hi}BD
6=A�fÎHKfÎ6=UbNE?nNID�?BU�NPD
6Ä<IJL6=C�NE?,NIHKAI< d
c 6@?,< o A>6=fÎ6=UbNP<�HE@¯NID
6g<>6=fÎhªt�hiU
C9M o <>h ² 6;A>6@?BC�NPhiHBU
< ��Y 
 � 
3? ��a�
 ?BU�{ (LY 
 � 
3? ���La�
 hiU l : ¶ ;�k�`'6=A>6

hiUbNIAIH.{ o C=69{ÊhiUÊ?�Mi69N>NP69A�HE@�hiUbNI6=UbN³< o X
fÎhpNINI6={ÌNIHÃFT0]\�3 [ � ^ > �[jm`;D�hiCEDÊC@?,MiMi69{o@©HKA�?nfq? w hpf o f2XL6@?Bf
6=U�6=AI} � HE@vgR57698 d�� D�6ÇA>6 ² hi6 `�69AI<�6 w J
AI69<I<>6={ÝC=HBU
C=69AIU�NPD�?,N�?,N gÎ57698�hpN;hp<�U
HBN]JTHB<I<IhpX
Mi6�@©HBA�XTHBNID� � NIH¨XL6�M�?BA>}K6�?,U
{������	�gNIHÃXT6�<>fq?,MiMÅj%`;hªNPD��öNPD
6g{
hpST6=A>6=U
C967XT6�N `�696=U�NPD
6�hpU
hpNIh�?BML?BU�{ K�U�?BM*@©H o A�tfÎHKfR69UbN o f H�@ÂNID
6�69Mi69C9NPA>HKU d�� D
6=A>6 `�?B<�?BMi<>H$C=HKU
C96=A>U NPD
?,N;NPD
6ÄfÎ6@?B< o AI69fR69U�N `'H o Mi{ÉXL6 o U�?BX
Mp6
NPHÇAI69M�?,NI6�NPH�NID
6]J
hiHKUÎ<>NIA o C�N o A>6 @ o U�C9NPhpHKU `;hpNPD�H o N�{ o ?BMphpN � ?,AI} o fÎ6=UbNI<=j.HKA%NPD�?,NöNID
6gfÎ6@?B< o AI69fR69UbN
`'H o Mi{#XT6�NPH.Hl@s?BA @©AIHBf NPD
6 J
hiHKU JTHBMi6 @©HKAq?,C=C=69J�NE?,X
Mi6 6 w NPAI?BJTHBM�?,NIhiHKU d § o A>NPD�6=Aq<>hif o M�?,NIhiHKUµhp<
AI6:9 o hiA>6={�NPH$6 ² ?BM o ?,NP6�NID
6	@©6@?B<>hiX
hpMihªN � HE@�NPD�6ÇfÎ6@?,< o A>6=fÎ6=UbN/`;hpNPDÉ?ÃXL6@?Bf 69U
6=A>} � HE@'1K1�5Ä6�8 d
c 6@?,< o A>6=fÎ6=UbNP<Î?,NÃQB69ST6=AI<>HKU V�?BX�C9H o Mi{ XT6Ê? U
hiC96qC=HBfRJ
Mp6=fÎ6=UbNnNIHWNPD�HK<I6Ê?,MiAI6=?B{ � NE?,vB6=U ?�N

~gy :;0 d�� D
6GMpH#`'6=ARXT6=?Bf 6=U
69AI} � ?BMpMiH"`;<q?,C=C=69<I<ÌNIH�? D
hp}KD
69ALZ A>6=}KhpHKU#hpU NPD�6GJ
hiHBU#<>NIA o C�N o A>6
@ o U
C�NPhpHKU
<¨?�N$QKV�?BXµC=HBfRJ�?,AI6={ZNPH ~�y :;0 d�� D
6ÊMi?BAI}K6R?BU
} o M�?BA�?BU
{ v.hpU
6=fR?,NIhiCÎC=H ² 69AP?B}K6�@©HBA�NPD�6
AI69C=HKhpMihpU
} J�AIHBNIHKU YsHBAnJ
A>HBNPHKUµJ
?BhiAPa o <>hiU
} NPD
6�\³V¯0�kT143G?BU
{ l : ¶ ;�k {�69NP69C9NIHKAI<U`'H o Mp{µ?BMiMpH"`2?
{
6�NE?BhpMi6={n<>N o { � HE@�NID
6]k o MpMih ² ?BU�J
AIH.C=69<I<ö?B<ö?j@ o U
C9NIhiHKUÃHE@ ² ?BA>h�?BX�Mi6=<ÂhiU
C9M o {�hiU
}gNID
6³A>6=C=HBhiMihpU
}gJ�AIHBNIHKU
fÎHKfR69UbN o f ?BU�{�?BU
}BMi6=< d 0gMp<IH
j�NPD
6Ì\³V¯07kT143É?BU
{ l : ¶ ;�kr{
69NI6=C9NIHKAI<nC=H o Mp{ ?,MiMiH"`�? {
6�NP6=C�NPhpHKU
HE@%NID
6�
 % �
�]dr{
69C@? � j¯fR?Bv�hiU
}q?qfÎ6@?B< o AI69fR69U�N�HE@%NPD
6 ��% �

� 
Öv�?BHBUÝC=MiH o {GhiU NPD
6¨U o C9Mi69HKU
JLHBNP69U�NIh�?BMpM � @©6@?,<IhiX�Mi6 d%� D�hi<;C=H o Mi{�Mi6=?B{ÊNPHÎ?ÃfR6=?B< o A>6=fÎ6=UbN]HE@Âv,?,HKU <�NPA o C9N o AI6a@ o U
C�NPhiHBU
< d

9�� F�� 9 � !#�I����
�� �#W-�2!�KM�'!"�2�3�)����0
Æ�NÇD�?B<ÄXL6=6=Ue< o }K}K6=<�NP69{ NPD�?�N7NPD
6$AP?�NPhiH�HE@�NPD�6ÎfÎhiA>AIHKAgU o C=Mi69h)c ~ 6Î?BU�{ c ~ fR? � XT6$fÎ6@?B< o AI69{eNIH
J
A>6=C=hp<I69M � HBX�NE?BhpU¨NPD
6�U5C,JÃC=A>HK<I<ö<I69C9NIhiHKU$AP?�NPhiH�?,N%M�?,AI}K6�Z � ^ ^ � d*� D
6 l : ¶ ;gknNE?BA>}K69N%C9H o Mp{ÃXT6 K�MpMi69{
`;hpNIDÉNID
6=<>6n}b?,<I6=<9jL?BU
{G?$<IhpfRJ�Mi67hiU�C=M o <Ih ² 6ÄfR6=?B< o A>6=fÎ6=UbN�HE@!NID
hi<;AP?�NPhiH `'H o Mp{ NE?,vB6Ç< o X
<�NE?BUbNIh�?BMpM �
Mi69<I<³NIhifÎ6ghiUÉ\³V¯0�kÊNID�?BUÌNPD�6Ç{�hiAI69C9N�U�6 o NIAIHKU�fÎ6@?B< o AI69fR69U�N;6 w JT69AIhifÎ6=UbN;D
69AI6ÄJ
A>HKJTHB<I6={�<>hiU
C967U
H
<IJL6=C�NE?,NIHKA¯NE?B}B}KhiU
} `'H o Mp{ÄXT6öAI6:9 o hiA>6={ d*c HKAI69H ² 6=A9j�@©HKA¯A>6={ o C=6={ÇNPD
69HKAI6�NPhpC@?BM o U
C=69A>NE?,hiUbN � j,<IJL6=C9NP?,NPHBA
{
6 o NP69AIHKU
< @©AIHKf NPD�6nUOj¡JGNE?BA>}K69NI<ghpU NPD�6nfÎhiAIA>HKA;U o C=Mp6=h!C9H o Mp{WXL6¨fR6=?B< o AI6={WhiU NID
6 l : ¶ ;�k A�NPJLC
{
6�NP6=C�NPHKAvq o <�Ng?,<;NID
6ÇJ
AIHBNIHKU
<]?BA>6ÇC o AIA>6=UbNPM �Kd'� D
hi<;6 w JL6=A>hifÎ6=UbN/`�H o Mi{ÉD�? ² 6n{�hpST6=AIhpU
}¨NPD�6=HKA>69NPhpC@?BM
o U
C96=A�NE?BhpU�NIhi69<=jL?BU
{<`�H o Mi{ÉJ
AIH ² hi{
6�?$U
hiC96ÇC9HKfÎJ
Mi69fR69U�N;NIHÎNID
6 l : ¶ ;�k�AI6=< o MpN d³~ H#`'6 ² 6=A9j�hi<>< o 69<
?B<><IH.C=h�?�NP6={6`;hªNPD ? c ~ NP?BAI}B69N;<>NIhiMpM�U
696={ NIH$XT6ÄhiU ² 6=<>NIhi}b?�NP6={ d

� � 	 � � �#� ��� �� ��/�  �� � �  ���/� �1�L� 


��#%" ��An��
��
�!����	_�Î�%&'&�.���&
� D
6ÊfÎ6@?B< o AI69fR69UbNÃHE@;NE?B}B}K6={�<�NPA o C9N o AI66@ o U
C�NPhpHKU
<nhpUµ<I69fRhÏtuhiU�C=M o <Ih ² 6R{�6=6=J hpU
6=Mi?B<>NIhiCÎ<IC@?�NINP69AIhpU
}
Y z Æ�k�a @©AIHKf NPD
6Ê{�6 o NI6=AIHBU `;hªNPD ?Ý<IMpH"` A>6=C9HKhiM³J�AIHBNIHKUµ{
69NI6=C�NP6={ hiU�NID
6ÊX�?BCEv%`�?BAI{ D
69fRhp<IJ
D
69AI6,j
 <�� % 
 < � < 
µj�?BMpMiH"`;<�NPD
6ÃA>6=<>HKM o NIhiHKUrHE@�NPD�6R?,f¨X
hi} o hpNIhi6=<�hiUbNPA>H|{ o C=69{eX � U o C9Mi6@?,AÇfÎH.{
6=M
{
69JT69U
{
6=U�C=6 @©HKAg{�6=6=J.tuhiU�6=M�?,<>NPhpCBj�?B<j`'6=MiM!?B<$Y 9 o ?B<IhÏt�a�69M�?B<�NPhpCBjL<IC@?�NINP69AIhpU
} � ^Eg|jO^ [ j�^ ] � d � hªNPD
hpUWNPD�6
U o C=Mp6@?BAÎhifÎJ o Mp<I6�?BJ�J
AIH w hifR?,NPhpHKUOj�hiU `;D
hiCED NPD
6ÉhiU�6=M�?,<>NPhpC�<IC@?�NINP69AIhpU
}eNP?BvB69<qJ
Mi?BC=6ÉhiU�C=HKD
69AI69U�NIM �
@©AIHBf hiU
{�h ² hi{ o ?BM�U o C9Mi6=HBU
<=j�NID
6É{
hpST6=A>6=UbNPhi?BM³<I69fRhÏtuhpU
C=M o <Ih ² 6ÊC=A>HK<I<Î<I69C9NIhiHKU C@?BU XL6<`;A>hpNINI6=U ?B<Î?
J
A>H|{ o C9N$HE@]NPD
6Ê{�6 o NI6=AIHBU <>JT69C9NPAI?BM @ o U
C�NPhpHKUOj��gj�?BU
{ ?BU 69ST6=C�NPh ² 6ZYsXLH o U
{�anU
6 o NIAIHKU <>NIA o C�N o A>6

1 >



@ o U
C�NPhpHKUOj�u I �������
�

K � ^ ] � �
(%{

(�Z (�" K ( � ( K �'� � 3 � K� � Y�1 � � ~ 
na
� ! � �7Y � � �'��a u I �������

�
K Y " K � � K � � K a#� Y ] a

Y § HKAÊNID
6 @ o MiM76 w J
A>6=<><IhiHBU @©HKAÊNPD
6e{
hªS�69AI6=UbNIh�?BM7C9AIHK<>< <>6=C9NIhiHKU_hiU NP69AIfÎ< HE@�NPD
6rNPAI?BU
< ² 6=A><I6µ?,U
{
MiHBU
}KhpN o {
hpU�?BM*<�NPA o C9N o AI6�@ o U
C�NPhpHKU
<n<>6=6Ê:;6�@ d � ^ ] � d a ~ 6=A>6�" K y Y ��� < � � � A a K hi<�NID
6qhpU ² ?,AIh�?,U�N
fR?B<I<ö< 9 o ?,AI6={RHE@LNPD
6 o U
HBX
<I69A ² 69{ÌD�?B{�AIHKU
hpC K�U�?BM�<�NE?,NI6Bj%`;hpNID � A NPD
6;fÎHKfR69UbN o f HE@TNID
6]<IJL6=C9NP?,NPHBA
J
A>HBNPHKU�j ����NID
6�fÎHKfR69UbN o f�HE@LNPD
6�hpU
hpNIh�?BM�<>NP?,NP6�{�6 o NI6=AIHBUOj.?BU
{ �oy ��� � � A NPD
6�fÎHKfÎ6=UbN o f HE@LNPD�6
<>NIA o CEvÊU�6 o NIAIHKU d%� D�6 ² ?BA>h�?BX�Mi6�� y Y 
 A ����� A a ~ � hi<'NPD
6ÄMihp}KDbN>t�C=HKU
6�fRHBfR69U�N o f @©AI?BC9NIhiHKUqC@?BA>AIhi69{
X � NID
67<IJL6=C�NE?,NIHKA³J
A>HBNPHKU�j�?BU
{ �'� hªNP<�NIAP?BU
< ² 69AI<I6ÄfÎHKfÎ6=UbN o f C=HBfRJLHKU
69U�NÄYsJL6=AIJL6=U�{
hiC o M�?BA'NPH¨NPD�6
{
hpAI6=C�NPhpHKUÌHE@
	�Ba�j'`;hªNPD 
 A y�� � K < 	� KA NPD
6�<>JT69C9NP?,NPHKA�J�AIHBNIHKUÌ6=U�6=AI} � j�?BU
{ � hªNP<�fR?B<>< d%� D
6 o <>6
HE@TNPD
6;Mihp}KDbN>t�C=HKU
6 ² ?BA>h�?BX�Mi6 �Ý6=fÎJ
D�?,<Ih*)96=<öNPD
6]v�hiU
69fq?�NPhiC=?BM�{�6=JL6=U
{
69U
C=6gHE@TNID
6]<>NPA o C9N o AI6/@ o U
C�NPhpHKU
?,N;D
hp}KD�� K j�<>hiU
C96 u I �
�����

�
K Y " K � � K � � K a��zu I �
�����

�
K Y)Zf~
Y[3 � �*a � �'� � � K a d ÆuU ?B{
{
hªNPhpHKUOj
?,<]{�hi<IC o <I<>6={hiUWk|69C9NPhpHKU >
d 3 d ^ÎXL6=MpH"`ÄjLNID
6�{�6=JL6=U
{
69U
C=6ÃHBU � hi<]U
HBNg?,S�69C9NI6={GX � K�U�?BM�<>NP?,NP6ÇhiUbNI6=AP?,C9NPhpHKU
< d�� D
6

J
A>6�t @s?,C9NPHBA � hpU y 9 d Y ] aöhi<�A>6=Mi?,NP69{ÌNPHnNID
67<IH,t�C@?BMpMi69{ � � o w t @s?BC9NIHKA � � ^�r � d%� D
67{�6=}KA>6=6�NPHR`;D
hiCEDÊNPD�6
<>NIA o CEvÊU�6 o NIAIHKUÉhi<�HBS�tu<>D
6=MpMOhi<�}Bh ² 69U X �

� K � � K � 3�	� KA < 32� � *�� � Y�rKa
`;D
69AI6 * hi<7NID
6R{�6 o NI6=AIHBU X
hpU
{
hiU�}É69U
6=A>} �Kd ÆuUZNPD�6ÎMphifÎhpN � K % � K Ys?BU
{ ��% 14a�j¯NPD
6Î69ST6=C�NPh ² 6
U
6 o NPA>HKU <>NIA o C�N o A>6=@ o U
C�NPhiHBUQu I �
�����

�
K Y " K � � K � � K a�% uHIK Y " K � � K � � K a�� uOIK YOZ � � K a�j³NPD�6=@©AI696

U
6 o NPA>HKUR<�NPA o C9N o AI6/@ o U
C�NPhiHBU d*� D
6 � K {
6=JL6=U�{
6=U
C96gHE@Xu I �
�����
�

K {
6=JL6=U
{�<'<>HKfR6 `;D�?,N�HKU$NPD
6�NID
6=HKA>69N�t
hiC=?BM¯?B<>< o fÎJ�NIhiHKU
<�fR?B{
6Ç?BXLH o N�NID
6ÄHBS�tu<ID�6=MiM�XT69D�? ² hpHKA�HE@�NPD
6ÄJ
D�HBNPHKU �.XTH o U
{ÉU o C=Mi69HKUÉ<IC@?�NINP69AIhpU
}
?BfÎJ
MihªN o {�6 d�� H�? ² HKhp{ÎNID
6=<>6 o U
C96=A�NE?BhpU�NIhi69<�HBU
6�NPD
69AI6�@©HBAI6]U
6=69{
<'NIHÇfÎhiU�hifÎh*)=6�NPD
6]{
69}KAI696]NIHa`;D�hiCED
NPD�6�<�NPA o CEv U
6 o NPA>HKUWhp<;HBSLt�<ID
69MiM[j�X � A>6=<>NIAIhpC9NPhpU
}ÎHKU
6=<>6=M @*NPHÎ<IfR?BMiM ² ?BM o 6=<;HE@!NPD
6Ç<IJL6=C�NE?,NIHKA�J�AIHBNIHKU
fÎHKfR69UbN o fÉj � A d 0³N�NPD
6;MiH"`#fRHKfÎ6=UbNP?ÄJ�AIHKJLHK<I69{qhpU$NID
hi<ö6 w JL6=A>hifÎ6=UbNöNPD
6 o U
C96=A�NE?BhpU�N � ?,<I<IH.C=hi?,NP69{
`;hpNIDGNPD
6ÃCED�HKhiC96¨HE@�{
6 o NP6=A>HKU `³? ² 6 @ o U
C9NIhiHKU Y©HKAgNPD�6¨<IJL6=C�NPAP?,M�@ o U
C�NPhiHBUOj �³aghi<7?BMp<IHÌ6 w JT69C9NP69{eNIH
XL6 9 o hªNP67<>fq?BMpM d
� D
67C@?,MiC o M�?,NIhiHKUÎHE@¯NPD�6�v�hiU
69fq?,NIhiC ² ?,AIh�?,X
Mi69<�@©HKA�NPD
6g6 w JT69AIhpfR69U�N�`;hiMiM�XL6�{
HKU�6�hiUÊ?¨C9H ² ?,AIh�?,U�N

`�? � j
NE?Bv�hpU
}ÃhiUbNPH¨?BC=C9H o UbN;NPD
6�@©H o A�tufÎHKfÎ6=UbN o f ² 6=C�NPHKA�HE@�NID
67HKU|t�<ID
69MiM�<>JT69C9NP?,NPHKA�J�AIHBNIHKU6@©HKA�NPD�6
C@?,MiC o M�?,NIhiHKUGH�@�NPD�6Î69Mi69C9NPA>HKU|t�U
6 o NIAIHKUr<>C@?,N>NP6=A>hiU
} dÎ� D�6 l q>HBAIvB69UZ<>C@?BMphiU
} ² ?BA>h�?BX
Mp6GZ�y  �K ��� NPD�6=UXL6=C=HBfR69<

Z��/y � K
3 � + � + y � K

3]Y>Y8��� � 
 A a � < 	� - 	� A a Y�1x`ba

`;D
69AI6 � + y�Y � � 	�Baöhp<%NPD
6�fRHKfÎ6=UbN o fÑNPAI?BU
< @©6=A > t ² 69C9NIHKA=j � + y�Y ��� � 
 A � ��	� A a%hi<öNPD
6]fÎHKfR69UbN o f> t ² 6=C�NPHKA%H�@TNID
6�HBS�tu<ID�6=MiM|U
6 o NPAIHBUOj.?BU
{4����hp<!NPD�6]fR?B<><%HE@�NPD
6�{
6 o NP69AIh o f�U o C=Mp6 o < d ÆuUÎ?ÄC9H ² ?,AIh�?,U�N
{
69<IC=A>hiJ�NIhiHKU�NPD�6�<�NPA o CEvÊU o C=Mi69HKUWhp<;HKU hªNP<;6=U�6=AI} � <ID
69MiMÅj�X o NgH,SÝhpNI<]fR?B<><]<>D
6=MpM d�� D
6Çfq?B<><�H�@!NPD�6
@©AI696ÄU o C=Mi69HKU9� hp<³NPD
69AI6�@©HBAI6ÄAI69J
M�?BC96={ `;hpNID�NID
6ÄHBS�tu<ID�6=MiM�fq?B<><;HE@ÂNID
6ÄXTH o U
{ÉU o C=Mi69HKU �

� � K yÑY8����� 
 A a K ��	� KA � Y�1K14a
� D
6ÄhiU ² ?BA>h�?BUbN�fR?B<I<�H�@ÂNID
6�K�U�?BM¯D�?,{
AIHKU�hiC�<�NE?,NI6ÇhpU�(TY 
 � 
3? � A a

 <IC@?�NINP69AIhpU
}$C@?BUÉXT6Ä6 w J�AI6=<><I69{Ý?B< �

" w K y�Y � + < � + a K yÑY8����� 
 A <�� a K � Y�	� ��	� A a K � Y�143Ka

1 ^



��#?> + �%
L/;&�	����7� ) 4
� D
6ÇCED
HKhpC=6ÄHE@*X
?BCEv%`³?BA>{Gv�hiU
69fq?�NPhiC9< @©HKA³NPD�6�<>JT69C9NE?�NPHKA;J
A>HBNPHKUÉ<I69A ² 6=<�NIHRfÎhiU�hifÎh*)=6�69ST6=C�NP</@©AIHKf
K�U�?,M�<>NP?,NP6ghiUbNP69AP?BC�NPhiHBU
<=j�?B<�`'6=MiM�?B<³hpU
{
6=JL6=U�{
6=UbN�NE?,AI}K6�N�@©AP?,}KfR69UbNE?,NIhiHKUOj%`;D
hpMi6]NPD
6�A>6=<�NPAIhpC9NIhiHKUqNIH
<IfR?BMpM�J�AIHBNIHKUµfRHBfR69U�NP? fÎHK<>NIM � 6=MphifÎhiU�?�NP6=< o U
C96=A�NE?BhpU�NIhi69<¨?B<><IH.C=h�?�NP6={�`;hªNPD NID
6Ì{
6 o NP69AIHKU `�? ² 6
@ o U
C�NPhpHKUW?,U
{ HBU|tu<>D
6=MpM¯6 w NPAI?BJTHBM�?,NIhiHKU d ÆuU�NPD�hi<;<I69C9NPhpHKU `�6ÇC=HKU�<Ihi{�6=A]6@?BCED HE@!NID
6=<>6�C9HKAIA>6=C9NIhiHKU�<;NIH
NPD�6¨hifÎJ o Mp<I6�?BJ
J
A>H w hpfq?,NIhiHKUÉhiU y 9 d Y ] a]6 w J
MihpC=hpNIM �Bd \�HKA>AI69C9NPhpHKU
<gNIHqNPD�6¨hifÎJ o Mp<I6�?BJ
J
A>H w hpfq?,NIhiHKU
@©AIHBf NPD�6ÇX�AI6@?,v.hpU
}$HE@�NPD
6	@s?BC�NPHKA>h*)@?�NPhiHBUÌhiU y 9 d Y ] aT`'6=A>6n?BU
?BM � )=69{�hiUÉ:]6 @ d � > ` �D@©HKA³NID
67hiU
C9M o <>h ² 6
{
6 o NP69AIHKU <>NIA o C�N o A>6�@ o U
C�NPhiHBUOj%?BU
{�@©H o U
{�NPHÝXL6 9 o hªNP6Ì<>fq?BMpM�Y�� 1 ; a @©HKAÇNPD
6qv.hpU
6=fR?,NIhiC=<�C=HKU.t
<Ihp{
6=A>6={ D
6=A>6 d³� D
6ÇNPHBNP?BMO69<>NPhpfq?�NP6={É6=A>AIHKA><]NIHouOIK AI69< o MªNPhpU
}L@©A>HKf NID
6=<>6nC=HBAIAI69C9NIhiHKU
<�?BA>6Ç}Bh ² 69UWhpU
k|69C9NPhpHKU<g d

b � A��$� 
�� �#W-�2!�eD�#� W*k����f!"�'!"�$(*�

� D
6;J
A>H|{ o C9NPhpHKU$HE@TMiH"`#fÎHKfÎ6=UbN o f J
A>HBNPHBU
<öHKAIhp}KhiU�?�NPhiU�} @©AIHBf NPD�6]D
?B{
AIHBU
hiC³{�6=X
A>hi<öHE@LNPD
6�<�NPA o CEv
U
6 o NPA>HKU�hi<ÇfÎhiU
hpfRh )=6={ÝX � 6=Um@©HKAIC9hiU
}W? M�?,AI}K6$AP?,J
hi{
hªN � }b?BJZXT6�N `�696=U�NPD�6qAI69C=HKhpMöJ
AIHBNIHKU�?,U
{ NPD�6
AI69<>N�HE@�NID
6gD�?,{
AIHKU�hiC;{
6=X�AIhi< � ^ [ j > 1�� d � D
hpMi6;hiU$NPD
6/@©HKA `³?BA>{qD
69fRhp<IJ
D�6=AI6¨YsC o AIA>6=UbN�@©AI?B}KfÎ6=UbNE?,NIhiHKU
AI69}KhiHBU�a�NPD
69AI6Î?BA>6ÎJLHBNI6=UbNPhi?BMiM � Mi?BAI}K6nC=HKUbNPA>hiX o NPhiHBU
<	@©AIHKf {
hiA>6=C9N 9 o ?BA>v�%#J
AIHBNIHKU @©AP?B}KfÎ6=UbNP?,NPhpHKUOj
6=<>JT69C=hi?BMiM � ?�N%MiH"` Z�jbhiUnNID
6�X�?BCEv%`�?BAI{ÎD
69fRhp<IJ
D
69AI6ÄY�NE?BA>}K69N�@©AP?B}KfÎ6=UbNP?,NPhpHKU�aONPD
69<I6s`;hiMpM|XL6³<>NIAIHKU�}KM �
< o J
J
AI69<I<>6={ dö� D
6;{
hpAI6=C�N�@©AP?B}BfR69U�NP?,NPhpHKU¨C9HKUbNPAIhpX o NIhiHKUÃhp<ö?BMi<>H76 w JT69C9NI6={RNIHÄ{
6=C9AI6@?,<I6s`;hpNIDÎ{�6=C=A>6@?B<ºt
hiU�}Î<>JT69C9NP?,NPHKA;J
A>HBNPHBUÉfÎHKfÎ6=UbN o f d
¶ HKU.tu<IJL6=C�NE?,NIHKA7J
A>HBNPHKU�<�C@?BUrXL6¨J
A>H|{ o C=6={rhpUÝC=HKhpU
C=hp{
6=U
C96G`;hpNID z Æ�kW6=Mp6=C9NIAIHKU�<�NPD
A>H o }KDÝ<>6 ² t

6=AI?BM*J
A>H|C96=<><I6=<9jÂU�HKU
6ÃHE@ `;D
hpCEDeC9HKUbNPA>hiX o NI6=<7<>hi}KU
h K�C@?,U�NIM � NPHÌNID
6Ã<IJL6=C�NPA o f HE@�� � ����� ���	� ��� 	 � ��� �
J
A>HBNPHKU�< d;§ hpAI<>N]HE@%?BMiM[j
J
AIH,NPHKU
<]hiUÉNPD
6ÇC o AIAI69UbN�9 o ?BA>v @©AI?B}KfÎ6=UbNE?�NPhiHBUÉA>6=}KhpHKU `;hiMiM¯XL6Ç6 w C=696={
hpU
}KM �
AP?,AI6�hpUÌH o A'v.hpU
6=fR?,NIhiC=<�YsXL6=C=? o <I67H�@�NID
6�D
hp}KD�" U
696={
69{ÉNIH¨J
AIH.{ o C96Ä?nX�?BA � HKU.tº?BUbNPhpX�?BA � HKUÊJ�?,hiAEa
?BU
{�`;hiMiM�XL6n}KHBhiU
} @©HKA `�?BA>{=`;hpNIDWAI69<IJL6=C�N7NPH 	� d k|6=C9HKU
{
M � j�J�AIHBNIHKU
<gC9H o Mp{GC=HKfÎ6a@©AIHKf NPD�6�NE?,AI}K6�N
@©AP?,}KfR69UbNE?,NIhiHKU�`;D
69U 69hpNID
6=A]?ÃU
6 o NPAIHBU HKA;?$J
A>HBNPHKU�hp<�<>NPA o CEvÊX � NPD
6 ² hiA�N o ?,MOJ
D
HBNIHKU d
� D
6�k o MpMih ² ?BURJ
AIH.C=69<I<;{
69<IC=A>hiXL6={É6@?BA>Mihp6=A�C=?BU�XT67C9HKU
<>hi{
69AI6={É?B<�J
?BA>N�H�@ÂNID
hi<³<>hi}KU
?BM d%~ H"`�6 ² 6=A9j

HKU
6nC@?BUÝJ
A>H ² 6ÃAIhp}KHKA>H o <IM � NPD�?�N�U
HÊ< o CEDrJ
AIHBNIHKUGC=?BUÝXT6nfRH ² hiU
}RX�?BCEv%`�?BAI{r6=hªNPD
69A�hiU NPD
6¨Mi?BXWHBA
AI69M�?,NIh ² 6'NPH�	��h @�NPD
6'hiU
hªNPh�?,Mb<>NPA o CEvnU o C9Mi69HKUU`³?,<ö?,N*A>6=<>N d%§ HKA�hiU
<�NE?BU
C96Bj�?gJ�AI6=MphifÎhiU�?,A � <>hif o Mi?,NPhpHKUÄHE@
NPD�6;k o MpMih ² ?BUÇJ
A>H|C96=<I<%<>C@?,N>NP69AIhiU�}7hiUnNID
6 l : ¶ ;gknv�hiU
69fq?,NIhiC9<ÂhpU
{
hiC=?,NP69<!NPD
?,N!NID
6³J
A>HBNPHKU�<*AI69< o MªNPhiU�}
@©AIHBf NPD
6ÝN `'H#J
A>H|C96=<><I6=<9j 
�
 % 
 ? ��
 Y)`;D
69AI6�
 % � d ��a�?,U
{ 
 � % 
 ? � 
 YO`;D
6=A>6
� % � �

�La�j�<>D
H o Mp{ XT6ÊJL6@?Bv,6={ hiU�NID
6�@©HKA `�?BA>{ <>C@?,N>NP69AIhiU�}Ý{
hiA>6=C9NIhiHKU ?,U
{ ?,N$D
hp}KD
6=AnfRHKfÎ6=UbNP?
NPD
?BUZNID
6R<>JT69C9NP?,NPHKA�J
AIH,NPHKU dÌ§ HBAÇJ�AIHBNIHKU
<ÇHKA�U�6 o NIAIHKU
<�fRH ² hiU�}ÉhpU
hpNIh�?BMpM � X�?BCEv%`�?BAI{�<¨hiU
<>hi{
6$NPD�6
{
6 o NP69AIHKUÇNE?BA>}K69N=j,?�NE?,AI}K6�N�@©AI?B}KfÎ6=UbN�fÎH ² hpU
};X�?BCEv%`³?,AI{
<ÂhiU7NPD
6�K�U�?,Mb<>NE?�NP6öhi<�JLHK<I<>hiX
Mp6%X o N�AI6:9 o hiAI69<
M�?,AI}K6�hiU
hªNPhi?BMbX�?BCEv%`�?BAI{$fÎHKfR69UbN o fÉj�`;D
hpCEDÃhi<ÂD
hi}KD�M � < o J�J
AI69<I<I69{RX � NPD
6�{
6 o NI6=A>HKU `³? ² 6 @ o U
C9NIhiHKU d
� D
6=<>6�@©6@?,N o AI69<¨?BA>6q6 ² hp{
6=UbNU@©A>HKf § hp} d�^ j�`;D
69AI6qNID
6qAI?,NPhpH H�@³NPD
6RJ
M�?,U
6�`�? ² 6ÌhpfRJ o Mi<I6R?BJ|t

J
A>H w hpfq?,NIhiHKUGY[F*� Æu07a�j�C=HKA>AI69C9NP69{<@©HBA�NE?BA>}K69N�@©AP?B}KfÎ6=UbNP?,NPhpHKUOj�NPH¨NPD�67J o AI6ÄF*� Æu0�C=HBU�NIAIhpX o NPhpHKUÌhp<
<ID�H#`;UZ?B<7?o@ o U
C9NIhiHKUÝHE@öNID
6ÃAI69C=HKhpM*?BU
}BMi6Bj�
 +

� j¯HE@%NID
6ÃJ
AIH,NPHKUÝA>6=M�?�NPh ² 6nNPHÌNID
6ÃJ
D
H,NPHKUÝ{
hpAI69C9NPhpHKU d
\�Mi6=?BAIM � j�NPD
6g69ST6=C9NI<³HE@¯NP?BAI}K6�N�@©AI?B}KfÎ6=UbNE?,NIhiHKUq?BAI6�AI69Mi6 ² ?BUbN�HBU
M � hiUÎNPD
6 @©HKA `�?BAI{ÊD�6=fÎhi<IJ�D
6=A>6Bj
?,U
{
@©HKA�
 +

� $nrK`���?BA>6�NPHBNP?BMiM � U�6=}KMphi}KhpX
Mi6,j|6 ² 6=U<@©HKA�M�?,AI}K6	� A d

b � A�� A ��� 	�cX�I�m�$� �R(-�3�#���E!#�)(*�80
� H fÎhiU�hifÎh*)=6ÊNID
6=HKA>69NIhiC@?,M o U
C96=A�NE?BhpU�NIhi69<�?B<I<>H|C9h�?,NI6={n`;hpNID 6 w NPAI?BJLHKM�?,NIhiHKU#HE@ÄNPD
6Ý<>6=fÎhªtuhpU
C=M o <Ih ² 6
C=A>HK<I<R<I69C9NPhpHKU#NIHZNPD�6WU o C=Mp6=HKU JTHBMi6Bj�hpNÎhi<ÎhifÎJTHBA>NE?,U�N$NID�?,NÎNPD
6ÉNE?B}K}B6={#<�NPA o C9N o AI6<@ o U
C9NIhiHKU�<qXL6

1"g



0.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

0 40 80 120 160

p = 0.3

p = 0.4
p = 0.5

(P
W

IA
 +

 T
.F

.)
 /

 P
W

IA

θ
pq

   (degrees)

Q 2  = 4 (GeV/c) 2

x = 0.6

0.9

1.0

1.1

1.2

1.3

1.4

1.5

1.6

1.7

1.8

0 40 80 120 160

x=0.6

x=0.3

(P
W

IA
 +

 T
.F

.)
 /

 P
W

IA

θ
pq

   (degrees)

Q 2  = 1 (GeV/c) 2

p = 0.3 GeV/c

§ hp} o AI6 ^�� y S�69C9NqHE@gNP?BAI}K6�N�@©AI?B}KfÎ6=UbNE?�NPhiHBU Y �;§ aÃHKU NID
6ÉJ
M�?BU�6 `�? ² 6GhpfRJ o Mi<>6�?BJ
J
A>H w hpfq?,NIhiHKU
Y[F*� Æu0�a�C@?BMpC o Mi?,NPhpHKUÉHE@ö<I69fRhÏtuhiU�C=M o <Ih ² 6 z Æ�k @©AIHKf NPD�6¨{
6 o NP6=A>HKU � ^ [ �[jO?B<g?o@ o U
C9NIhiHKU HE@%NPD�6¨C d f d
?BU
}BMi6Bj 
 +

� j
XL69N `'6=6=U NPD
6Ä<IJL6=C�NE?,NIHKA;J
AIH,NPHKUÉ?BU
{�NPD�6 ² hpA>N o ?BMOJ
D
H,NPHKU d

1 [



0 100 200 300 400
0.8

0.85

0.9

0.95

1

1.05

|p| (MeV)

x=0.3

x=0.6

R
n

0.4

0.5

§ hp} o AI6Tg � :]?,NPhpHjx I �zu I �������
�

K Y " K � � K � � K a ~EuOIK Y " K � � K a�H�@
NPD
6'XTH o U
{nNIHj@©AI696�U
6 o NPA>HKU¨<>NIA o C�N o A>6@ o U
C�NPhpHKU
<=jö?,<¨?=@ o U
C�NPhpHKU�HE@�NID
6Ì<IJL6=C�NE?,NIHKAnJ�AIHBNIHKUµfRHBfR69U�N o fÉj!hiUZNPD
6ÌfÎH.{
6=MöHE@]:;6�@ d � > ` �Åj%?�N
� K y ^ Y[5Ä6�8 C��9a K d

fÎ6@?B< o AI69{<@©HKA�v�hpU
6=fR?,NPhpC=< `;D
69AI6ÄNPD
6Ä{
hªS�69AI69U
C=6 � K ��� K hp<;?B<;<IfR?BMiMO?B<;JTHK<><IhpX
Mi6 d%� HR?B<I<>6=<><�NPD�6
JLHBNP69U�NIh�?BM.fÎH|{
69M�{
69JT69U
{
69U
C=6]HE@�NPD�6�6 w NPAI?BC9NI6={$U
6 o NPAIHBUÎ<�NPA o C9N o AI6s@ o U
C�NPhpHKU¨HKU¨NID
6�6 w NPAI?BJLHKM�?,NIhiHKU
J
A>H|C96={ o A>6 `'6ÄC=HKU�<Ihi{�6=A;<I6 ² 6=AI?BM�fRH.{
69Mi<�X�?B<>6={ÉHKUÉAP?,NID
6=A�{
hªS�69AI69U�N]{ � U�?,fRhpC@?BM¯?,<I< o fRJ�NIhiHKU�< d
ÆuU$C=HKU ² HBM o NIhiHKUÃfÎH|{�6=Mi<ÂHBS�tu<ID�6=MiM.C=HBAIAI69C9NIhiHKU
<ö?,J
JT6=?BAIhpU
}7?,N*Mi6@?,{
hiU
}�N `;hi<>N*HKAIhp}KhiU�?�NP6�XTHBNIDÃv�hiU
6�t

fR?,NPhpC@?BMpM � j�?B<�?RC=HBU
<I6:9 o 6=U
C96ÃHE@*NPD�6�U o C9Mi6=HBU	�½<]NPAI?BU
< ² 6=A><I6¨fÎHBNPhpHKU�hiU�NPD
6�U o C=Mp6 o <9j�?BU�{W{ � U�?BfÎhªt
C@?,MiM � jE@©AIHBf�fRH.{
h K�C@?,NIhiHKU�<*HE@LNPD
6;XLH o U
{ÎU o C=Mp6=HKUR<>NPA o C9N o AI6 dö� hiU
69fq?,NIhiC=?BM|H,SLt�<ID
69MiM�69ST6=C�NP<�C@?BUÎXL6
C@?,MiC o M�?,NI6={ `;hpNID ² 6=A � MphpN>NPMi6�fRH.{
6=M�{
6=JL6=U
{�6=U
C96Bj�?B<ö{
hp<IC o <I<>6={ÌhpUR:;6�@ d � > 3 �[j%@©HKAöhiU
<�NE?BU�C=6 d*zg� U
?Bf$t
hiC=?BM�HBS�tu<ID�6=MiM�6�S�69C9NP<9j�HKU NPD
6�HBNPD
69AgD�?,U
{OjL{
6=JL6=U
{ÝHBUG{
6=<>C=A>hiJ�NIhiHKU
<]HE@%NID
6nhpU�NIAIhpU
<IhpCÇ{�6�@©HKA>fq?,NIhiHKU
HE@�NPD
6ÄXLH o U
{ÉU o C=Mp6=HKUÉ<>NIA o C�N o A>6BjL?BU
{É?BA>67NPD
69AI6�@©HBAI6ÄfRHBAI67fÎH|{
69Mªt�{
6=JL6=U
{�6=UbN d
ÆuU�NID
6'C9H ² ?,AIh�?,U�N�<>JT69C9NE?�NPHKA�fRH.{
69MbHE@�:;6�@ d�� > `!�[j�NID
6 z Æ�k	@©AIHKf ?]XLH o U
{�U o C=Mp6=HKU�hi<�{
6=<>C=A>hiXL6={¨hpU

NP69AIfÎ<*HE@LAI69M�?,NIh ² hi<�NPhpC ² 6=A>NI6 w @ o U�C9NPhpHKU
<�`;D�hiCED$J�?BAI?BfR6�NP69AIh*)96�NPD�6�U o C=Mi69HKU�� 9 o ?,AIv�� �>{
h 9 o ?BAIv �ÄhiUbNI6=A�t
?BC�NPhiHBUGYO`;D
6=A>6 �>{
h 9 o ?BAIv ��D
6=A>6gAI6 @©6=A><'NPH�?�< � <>NP69f H�@�?ÇU o C9Mi69HKUo`;hpNIDqHKU�6�9 o ?BA>v$AI6=fÎH ² 69{Oj�`;D�hiCED
D�?B<¯NID
6�9 o ?,U�N o f�U o f¨XL6=A><�H�@�?�{
h 9 o ?,AIv|a dÂ� D
6'{�6=JL6=U
{
69U
C=6'HE@.NPD
6 ² 69A>NP6 w @ o U
C�NPhiHBU
<�HKUÇNID
6�9 o ?BAIv
fÎHKfR69UbN o f ?BU
{ NID
6 �>{
h 9 o ?BAIv �$6=U
69AI} � hp<;C=HKU
<�NPAI?BhiU
69{ X � K
N>NPhpU
}ÃNPHÃNPD
6ÇHKU|t�<ID
69MiMOU o C9Mi69HKUµY©J
AIH,t
NPHBU�a*<>NPA o C9N o AI6/@ o U
C�NPhpHKU${�?,NE? d*� D
6�?B{
{
hªNPhiHBU�?BM�{�6=JL6=U
{
69U
C=6�HE@�NID
6 ² 69A>NP6 w @ o U
C9NIhiHKUÎHKUÃNPD�6 ² hiA�N o t
?BMphpN � HE@LNPD
6�HBS�tu<>D
6=MpM�U
6 o NPA>HKUÎhi< K w 69{RX � C9HKfRJ
?BAIhpU
}gNPD�6]C=?BMiC o M�?�NP6={Ã{�6 o NI6=AIHBUÎ<�NPA o C9N o AI6s@ o U
C�NPhpHKU
`;hpNIDRNID
6�hiU�C=M o <Ih ² 6ju �K {�?,NP? d*� D
6gAI6=< o MpNIhiU
}�AP?,NIhiHRx I �zu I �������

�
K Y " K � � K � � K a ~�u IK Y " K � � K aöHE@¯NPD�6XLH o U
{qNIHG@©AI696�U
6 o NPA>HKUÌ<>NIA o C�N o A>6�@ o U
C�NPhiHBU
<�hp<�<ID�H#`;UÊhpU § hp} d g¨?B<�?a@ o U
C�NPhiHBUÌHE@¯NPD�6gfÎHKfR69UbN o f

HE@�NID
6q<>JT69C9NE?�NPHKA¨J�AIHBNIHKUOj � 	� A � y � 	� � j�@©HKAn<>6 ² 6=AP?,M ² ?BM o 6=<nH�@sZ dG¶ H,N¨< o AIJ
A>hi<IhpU
}KM � jÂNID
6q6�S�69C9N$?�N
MiH"` � 	� A � hi< ² 69A � <IfR?BMpMÅj�`;hpNID NID
6 {�6 ² h�?,NIhiHKU @©A>HKf o U
hªN � hiU
C9AI6=?B<IhpU
} ?�NRD�hi}KD
69A$fRHKfÎ6=UbNP? d#§ HKA� 	� � �Ñ1x`B` c 698�C,CÇNID
6Ä69ST6=C�N�hp< ��1 ; @©HBA Z yÖ`�� g�j'`;D�6=AI6ÄNPD�6 y'c \_69ST6=C�N�hp<�fRHBAI67J
A>HKU
H o U�C=6={�j
?BU
{É6=<><I69U�NIh�?BMpM � )=6=A>HL@©HBA Z y_`��»^ d
0 <IhpfRhpM�?BA]fRH.{
69M*hiU `;D
hpCEDÝNPD
6$<IC=?,NINI6=A>hiU
}6@©AIHBf ?BUÝHBS�tu<>D
6=MpM*U o C=Mp6=HKUrhp<7{
6=<>C=AIhpXT69{ZhpUGNP69AIfÎ<

HE@]?ÉAI6=Mi?,NPh ² hi<>NIhiC�9 o ?BA>vZ<>JT69C9NPAI?BMT@ o U
C9NIhiHKU `³?B<nhiUbNPA>H|{ o C=6={ hiU�:;6�@ d � > 3 � d ÆuU NID
hi<n?BJ
J
A>Hb?BCED�NPD�6
XLH o U
{ÉU o C=Mp6=HKUÉ<>NIA o C�N o A>6 @ o U�C9NPhpHKU�hi<�6 ² ?,M o ?,NI6={ @©AIHKf NPD
6	@©A>6=6ÇU o C=Mi69HKUÉ<>NPA o C9N o AI6a@ o U
C�NPhpHKUÉ?,N]?

1 ]



p (MeV/c)

R
n

§ hp} o AI6 [�� :�?�NPhiH<x I HE@'NPD
6ÎXLH o U
{eNPH�@©A>6=6ÎU
6 o NPAIHBU�<>NIA o C�N o A>6�@ o U
C�NPhpHKU
<=jÂ?B<�?<@ o U�C9NPhpHKUeHE@³NPD�6
<IJL6=C�NE?,NIHKA;J
AIH,NPHKU�fÎHKfR69UbN o fÉj
hiUÌNID
6ÄfRH.{
69MOHE@!:]6 @ d � > 3 � d

<ID�h @�NP69{ ² ?BM o 6gHE@�NPD
6�9 o ?BA>vqMphi}KDbN>t�C=HKU�6�fÎHKfÎ6=UbN o f @©AP?,C9NPhpHKUOj�`;D
hiCED�{
69JT69U
{
<;HKUÌNPD�6�fq?,<I<�HE@�NPD�6
<IJL6=C�NE?,NIHKA��>{
h 9 o ?BAIv �Ý< � <�NP69f jöNPD
6�XLH o U
{µU o C9Mi69HKU fÎHKfÎ6=UbN o f j%?,U
{µNPD
6ÊX
hpU
{
hpU
}G6=U�6=AI} � � > 3 � d
� D
6ÇAI69< o MªNPhiU�}ÃAP?,NIhiH x I HE@�NPD�6ÇXLH o U�{ÉNIH @©A>6=6ÄU
6 o NPA>HKU <�NPA o C9N o AI6a@ o U
C�NPhiHBU
<�hi<;<ID�H#`;UÉhiU § hp} d�[.d� D
6�{
6 ² h�?,NIhiHKUL@©AIHKf o U
hªN � hp<�?,}b?BhiUR<IfR?BMiML?,N�MiH"` <IJL6=C�NE?,NIHKA�J�AIHBNIHKUÌfÎHKfR69UbNE?�j|?BfÎH o UbNPhpU
}ÇNIH
� 3 ; @©HKA � 	� A � � 1x`K` c 698�C,CBj%hpU
C=A>6@?B<>hiU
}�NPHG?BAIH o U
{ ^8; @©HKA � 	� A � y 3B`K` c 698�C�� dÉ� D
6ÌA>6=< o MpNI<
<ID�H#`;Uq?BAI6s@©HKA � K y�1x`ÎYÅ57698 C!�=a K j.?BMpNID
H o }KDÃNID
6 � K {�6=JL6=U
{
69U
C=6�hi<�`'6@?Bv d ÆuUÎC=HKUbNPAI?B<>N�NPH § hp} d g�j
D
H"`'6 ² 69A=j�NPD
6Ã6�S�69C9NÇhiUÝNPD�hi<7fÎH|{
69M!hp<7HKU
M � `�6=?Bv�M � {�6=JL6=U
{
69UbNnHKU Z d k|hpfRhpM�?BA;XL6=D�? ² hiHBA�NPHÊNPD�?�N
hiU § hp}K< d gÉ?BU
{ [ hi<Ç?BMp<IHÉHKX
<>6=A ² 6={µhpUeNID
6RfÎH.{
6=M%HE@�:]6 @ d � > ^ �Åj�`;D
6=A>6RNPD�6q?B<>< o fÎJ�NIhiHKUeHE@ `'6@?Bv
X
hpU
{
hiU�}ÃhiUÌNPD�6Ç{�6 o NI6=AIHBUW?BMpMiH"`;<³HKU�6ÄNIHÃC@?BMpC o Mi?,NP6�NPD
6ÄHBS�tu<>D
6=MpMO{
6=JL6=U�{
6=U
C96 o JÉNIHÎHBAI{
69A � K ~ � K d
0gUÃhpfRJLHKA�NE?BUbN�C=HKU�<>NPAI?BhiUbN!HKUnNPD�6³<Ih )=6�H�@�NPD
6³U o C9Mi69HKU	�¡<*{
6�@©HBAIfR?,NPhpHKUnhpU�NPD�hi<*?,J
J
AIHK?BCEDÃhi<�J
AIH ² hi{�6={
X � NPD�6ÇC9HKU
<>6=A ² ?,NIhiHKUÉHE@�NPD
6ÄU o f¨XL6=A;HE@ ² ?BMi69U
C=6 9 o ?BA>v�<�hpU�NID
6ÄXTH o U
{�U o C=Mp6=HKUOj

(
( � K

� e� (�Z�� ������� ������ YOZ � � K � � K a yÖ` � Y�1x^ba

`;D
69AI6 � �
����� ������ hp<ÎNID
6 ² ?BMp6=U
C96 9 o ?BA>v {
hp<>NIAIhiX o NPhpHKU hiU NID
6W6�S�69C9NIh ² 6WU o C=Mi69HKU <�NPA o C9N o AI6�@ o U
C9NIhiHKUOj
u 
 ������� �K d l'� hifÎJTHB<IhiU�}�NID
hi<ÇC=HBU
<>NIAP?BhpU�N=j*HKU
6ÎHKX�NP?BhiU�<¨?BUZH ² 6=AI?BMiM�AI69{ o C9NIhiHKUZHE@³NID
6Ìv�hiU
69fq?�NPhiC=?BM
HBS�tu<>D
6=MpM�69ST6=C�NP< `;D
HB<I67<>NIAI69U
}BNPD�C=?BU�XT6�MpH|C=?,NP69{Ê6=hªNPD
69A�?,N�hpU�NI6=A>fR69{
h�?,NI6 ² ?BM o 6=<³H�@DZ�j'Z � `�� > j
?,<
hiUÊNID
6ÄfRH.{
6=Mp<³HE@!:]6 @©< d � > `�j > ^ �Åj�HBA;?,N;MiH"` ² ?,M o 69<]H�@8Z � `��p1 ^ j�?B<;< o }K}K6=<�NP69{WhiUÉ:;6�@ d � >�> � d

1"r



0.90

0.95

1.00

1.05

0 40 80 120 160

p = 0.10

p = 0.15

p = 0.20

P
W

IA
(q

) 
/ P

W
IA

θ
pq

   (degrees)

Q
2
 = 1 (GeV/c)

2

x = 0.6

§ hp} o AI6 ]�� :]?,NPhpHÎH�@*XLH o U
{ÉNPH @©AI6=6ÇU o C=Mp6=HKU <>NIA o C�N o A>6R@ o U
C�NPhpHKU
<=j�C=?BMiC o M�?,NI6={ o <>hiU
}$NPD
6ÇfÎH|{
69M¯HE@
:;6�@ d � >2^ � dö� D
6Ä<IJL6=C9NP?,NPHBA]J�AIHBNIHKU fÎHKfÎ6=UbN o f �Éhi<�hpU o U
hpNI<]H�@%57698�C�� d

¶ 69}KMi69C9NPhpU
};NPD
6�C=HKUbNIAIhiX o NPhpHKU
<�HE@ # �# J�?,hiAI<¯NIH�NPD�6'{
6 o NP69AIHKU `³? ² 6�@ o U
C�NPhiHBUOjB?,U
HBNPD�6=A�6=<>NIhifR?,NP6
HE@'NPD
6ÎAIHKMp6$HE@³U o C9Mi6=HBU�HBS�tu<ID�6=MiMpU
6=<><ÄC@?BUZXT6Îfq?,{
6$<IhifÎJ
M � HKUrNPD
6RX�?B<Ihp<ÄHE@³v�hiU�6=fR?,NPhpC=< d ÆuU NPD�6
hiU�<>NE?,U�N�@©HKAIf ?BJ
J
A>Hb?BCED�{
hp<IC o <I<I69{ hpU�:]6 @ d � >2^ �[j|NID
67U o C=Mp6@?BA³<�NPA o C9N o AI6	@ o U
C�NPhpHKUÊhi<³A>6=Mi?,NP69{ÌNPH¨NPD�6
@©AI696�U o C=Mp6=HKU$<>NIA o C�N o A>6 @ o U
C�NPhiHBUOjb6 ² ?BM o ?,NP69{$?,Nö?�<>D
h @�NI6={Ã6=U�6=AI} � NPAI?BU
< @©69A=j � % �� j�`;D
hiCED${
69JT69U
{
<
HKU$NPD
6]{
69}KAI696�NPHa`;D
hpCEDRNPD�6]U o C9Mi69HKUqhp<�XLH o U�{ÝY[?,U
{RD�6=U
C96Bj�hpUÎNID
6]hiU
<�NE?BUbN @©HKAIfÑM�?BU
} o ?B}K6,jbHBS�hpNI<
6=U�6=AI} � <>D
6=MpM�a d 0 <ID
h @�NP69{ ² ?BM o 6�HE@ � C=HKA>AI69<IJLHKU
{
<gNIHÊ?R<>D
h @�NI6={ ² ?,M o 6ÇHE@vZe?BU�{�� K ?,N `;D�hiCEDGNPD�6
U o C=Mp6=HKUZ<>NIA o C�N o A>6L@ o U�C9NPhpHKUehi<Ä6 ² ?BM o ?,NP69{ dÎ� D
6RAI?,NPhpH�HE@�NID
6R<�NPA o C9N o AI6 @ o U
C�NPhiHBU
<ÄC@?BMpC o Mi?,NP69{ZhpU
NPD�6�J
Mi?BU
6a`³? ² 6¨hifÎJ o Mp<I6Ä?BJ
J�AIH w hifR?,NPhpHKU6`;hpNPDÉNPD
6ÇfÎH|{
h K�6={ ² ?BAIhi?BX
Mp6=<ÇY��>F%� Æu0¨Y ��Ka ��a�NPHÎNPD�?�NghpU
`;D
hpCEDÎNID
6=A>6]hp<*U
HÄfÎH|{
h K�C@?�NPhiHBU¨hi<%{
hp<IJ
Mi? � 6={$hpU § hi} dE] ?B<�?	@ o U
C9NIhiHKUÃHE@�
 +

�
@©HKA � K y 1�Y[5Ä6�8 C��9a K d

:�U
C=6�?,}b?BhiU�j!HKU
6Ê<>6=69<¨NPD�?,NG@©HKAnMpH#` <>JT69C9NE?�NPHKA¨J�AIHBNIHKUµfRHBfR69U�NP?�j � 	� A � � 1x`K` c 6�8 C��4j*NPD�6ÊHBSLt
<ID�6=MiMÄfÎH|{�h K�C=?,NPhpHKU hi<�Mi69<I<�NPD�?,UÑ1 ; @©HKAÉ?BMpMÄ?BC=C96=<><IhiX�Mi6Z?BU
}KMp6=< d :7U�M � `;D
69U HKU
6e}KH.6=< ?BXLH ² 6� 	� A � ��3B`B` c 698 C!�7?BAI6�NID
6=A>6n?BU � 6�S�69C9NI<g?,N�NID
6 � ^8; Mp6 ² 69M d
� D
hiMp6ÌNPD
6�HBS�tu<>D
6=MpM�fÎH|{�h K�C=?,NPhpHKU�HE@]NPD
6�XLH o U
{ U o C=Mp6=HKU <>NIA o C�N o A>6<@ o U
C9NIhiHKUµhpU NID
6É?BXLH ² 6

fÎH|{
69Mi<�hi<R`'6@?,vLjöNPD�6ÌC=HKMpHKAn<>C=A>6=6=U�hiU
}rfÎH|{
69M�@©HBA�NPD�6Ê< o J
J�AI6=<><IhpHKU HE@;JTHBhiUbN>t�Mihiv,6RC9HKU K�} o AP?,NIhiHKU�<
hiUWXTH o U
{ÝU o C=Mp6=HKU
< � r!�ÂJ
AI69{
hiC�NP<7<>HKfR6 `;D�?,N7Mi?BAI}B6=A]{
6 ² h�?�NPhiHBU
<j@©AIHBf o U
hpN � HE@%NPD�6ÃAP?,NIhiH�x I NPD
?BUNPD
?,NÎhiU § hi}K< d g�j [ ?BU
{ ]�d ÆuU NPD�hi<$fRH.{
69M�HKU
6 ?,NINIAIhiX o NP69<ÎfÎHK<�NRHBAR?,MiM³HE@�NPD
6 y�c \ 69ST6=C�NRNIH
?�fÎ6={
h o f fÎH.{
h K�C=?,NPhpHKU HE@ÄNPD
6ÝhpU�NI6=A>U�?BMg<�NPA o C9N o AI6ÝHE@ÄNID
6ÝXTH o U
{ U o C=Mp6=HKU�j�?BU
{ MphpN>NPMi6ÉHE@ÄNPD�6
69ST6=C�NÃNPHrfÎ6=CED�?BU�hi<IfÎ<¨< o CED#?,<ÃU o C=Mi6=?BAÃX
hpU
{
hiU�} d :7UµNID
6ÊHBNPD�6=AÃD�?BU�{Ojö<IhiU�C=6ÌNPD�6Ê{
6 ² h�?�NPhiHBU�HE@
NPD�67XTH o U
{ÌNPHU@©A>6=67<>NIA o C�N o A>6	@ o U
C9NIhiHKUÊAI?,NPhpHR@©A>HKf NID
6j@©AI6967MihpfRhªN'hp<³J
A>HKJTHBA>NPhpHKU�?BM�NPHÎ3�	� KA < 32� ��*��
Y y 9 d Y$rbaIa�j
<P?BfÎJ
MphiU
}ÇNPD
67{�?�NE?Ã?B<;?G@ o U�C9NPhpHKUÊHE@ 	� KA <ID
H o Mi{ÊJ
A>H ² hp{
67<IHKfÎ6�} o hi{�?BU�C=6�@©HKA�?¨<>fRH.HBNID
6 w NIAP?BJLHKM�?�NPhiHBUWNPHÌNID
6ÃJTHBMi6 d ÆuUrJ
AP?,C9NPhpC=6,j¯C=HKU
<>hi{
69AIhpU
}�?ÌfRHBfR69U�N o f hpUbNP6=A ² ?BM!HE@ [ ` ��3B`K` c 698 C!�
`;hiMpM�?BMpMiH"`2NPD
6É{
6=JL6=U�{
6=U
C96GHKU � K NPHeXT6�C=HBU
<>NIAP?BhpU
6={ d#y�w hp<>NIhiU
}lge5Ä6�8 {�?�NE? @©AIHKf NPD
6WQKV�?BX
6 w JL6=A>hifÎ6=UbN y r > tP1x`b3#Y y gbaL`;hiMpM;hiU ?B{�{
hpNIhiHKU C=HKU
<�NPAI?BhiU#NID
6GXL6=D�? ² hiHBAÌHE@7NPD�6GXTH o U
{ <>NIA o C�N o A>6

3B`



0.7

0.75

0.8

0.85

0.9

0.95

1

1.05

1.1

1 1.1 1.2 1.3 1.4 1.5 1.6
α

SD
W

IA
/S

pT=0.0

pT=0.1

pT= 0.2

pT= 0.3

pT= 0.4

§ hp} o AI6Rr � k.JT69C9NPAI?BMI@ o U
C9NIhiHKU C@?BMpC o Mi?,NP69{�`;hªNPDG?,U
{=`;hpNID
H o N § k|Æ�6�S�69C9NI<j`;hpNID
hiU�NPD
6 z � Æu0 � ^ ] � d
� D
6�C o A ² 6=<�C=HKA>AI69<IJLHKU
{WNIHR{
hªS�69AI69U�N ² ?BM o 6=<;HE@*NID
6�<>JT69C9NP?,NPHKA]J
A>HBNPHKU�NPAI?BU
< ² 6=A><I6¨fÎHKfÎ6=UbN o f �'�
YshpU 5Ä6�8 C��9a d

@ o U
C�NPhpHKUÉ?,N;M�?BA>}K6=A � � K � YO@©HKA�<IJL6=C�NE?,NIHKA;fRHKfÎ6=UbNP?¨XT6�N `�696=U ��3 ^ `Î?,U
{ [ `K` c 698�C��9a d
: ² 6=AI?BMiM[j�`�6;6 w JL6=C�N'NID�?,N%NID
6;6 w NPAI?BJTHBM�?,NIhiHKUG@©A>HKf NID
6;fRhpU
hif o f � 	� A � � [ ` c 698�C��4j2`;D�6=AI6;NPD�6

XLH o U
{RU
6 o NIAIHKUqhi<�HKU
M � ?,AIH o U�{ [nc 698 C!�]?J`�? � @©A>HKf hpNI<'fR?B<I<ºtu<>D
6=MpMÅjb<ID�H o Mi{RXT6�AI69M�?,NIh ² 69M � @©A>6=6]HE@
?Bf¨X�hi} o hªNPhp6=< d�� D
hp<%hi<ö?BMp<IH�< o J
JLHKA>NI6={ÎX � AI69C=6=UbN ! ~ 6KY 	
 � 
 ? 	�La!JLHKM�?BA>h*)=?,NPhpHKU�NIAP?BU
< @©6=A%6 w JL6=A>hifÎ6=UbNP<ö?�Nc ?BhpU )�?,U
{�QB69ST6=A><IHKU�V�?BX � > g �f`;D
hpCEDÌhiU�{
hiC=?,NP6;NPD�?�N�NPD�6�fq?,}KU
hpN o {
6;HE@¯NID
6gHBS�tu<>D
6=MpMT{�6�@©HKA>fq?,NIhiHKU
fR? � XL6qAI?,NPD
69An<>fq?BMpM d�� D
69<I6Ê6 w JL6=A>hifÎ6=UbNP<¨fÎ6@?,< o A>6={�NPD�6qAP?�NPhiH HE@³NIAP?BU
< ² 69AI<I6ÊNIHGMiHKU�}KhpN o {
hiU
?BM
JLHKM�?BA>h*)=?,NPhpHKU�HE@.NPD
6ö6 q>6=C9NI6={¨J�AIHBNIHKU
<=j#`;D
hpCED�hp<�A>6=Mi?,NP69{ÄNIH]NID
6öfR69{
h o fÖfÎH|{
h K�C@?�NPhiHBU7HE@|NID
6�6=Mi69C9NIAIhiC
NPH$fR?B}KU
6�NPhpC76=M�?,<>NPhpCj@©HKA>f @s?BC�NPHKA;AP?�NPhiH d

;�<>hiU
}ÇfRH.{
69M
hiU
{�6=JL6=U
{
69UbN�A>6=M�?�NPhiHBU
<*{
69AIh ² 6={L@©AIHKf 9 o ?BAIvKtuD
?B{
AIHBUq{ o ?,MihpN � jKHKU
6;C=?BURA>6=Mi?,NP6�NPD�6
fÎ6={
h o f fRH.{
h K�C@?,NIhiHKU�<]hpU NID
6G@©HKA>f @s?BC9NIHKAI<]NPHÊ?qfÎH.{
h K�C=?,NPhpHKUÉ?,N�Mi?BAI}B6aZeHE@!NPD
6¨{�6=6=JÝhpU
6=Mi?B<>NIhiC
<>NIA o C�N o A>6G@ o U
C�NPhpHKU H�@*NPD
6�XTH o U
{GU o C9Mi6=HBU � >2[ �[j*`;D
hpCEDG< o }K}K6=<�NP<7?,UW69ST6=C�N�HE@ �Ö^ ; @©HBA Z�� `�� ]�d
� D
6qN � J
hpC@?BM'fRHBfR69U�N o f HE@�NID
6Ìv�U
H.CEvB6={ H o N¨J
A>HBNPHKU�<nhiUZNPD
6R6 w JT69AIhpfR69U�NI<G`�?B< � ^ ` c 698�C��4j
?BMªNPD
H o }KDÝNPD
6$AI69< o MªNP<ÇHE@�NPD
6R?BU�?BM � <Ihi<�`'6=A>6�@©H o U
{ZU�HBNÄNPH�{
6=JL6=U�{�<>NIAIHKU
}BM � HBUeNID
6RJ�AIHBNIHKUrfRH,t
fÎ6=UbN o f � >2[ � dq� D�6=<I6qC=HKU
<>hi{
69AP?,NIhiHKU�<ÇMp6@?B{ o <ÄNPH 6 w JT69C9NÇNPD�?�N�NID
6R6 w NPAP?,JTHKMi?,NPhpHKUrHE@�NID
6ÎXTH o U
{
U
6 o NPA>HKU�<>NIA o C�N o A>6�@ o U
C�NPhiHBUZNPH NPD
6RU o C=Mi69HKU�JLHKMi6Î<ID�H o Mi{ hiUbNPA>H|{ o C=6qfÎhiU�hifR?BM o U
C96=A�NE?BhpU�N � hiUbNIH
NPD�6Ç6 w NPAP?,C9NP69{W<�NPA o C9N o AI6a@ o U
C9NIhiHKU�HE@�NPD�6a@©A>6=6ÄU
6 o NPA>HKU �q<>6=6�?BMi<>HR:;6�@ d � >%] � d

3|1



b � A�� 9 es���I��� cf!"�'!"�=B1�f!J���#���E!"�$(*��0
0gU�HBNPD
69AÃJTHB<I<IhpX
Mi6q<IH o A>C=6ÊHE@ o U�C=6=A�NE?BhpUbN � ?BAIhp<I69<G@©AIHKf K�U�?BM'<>NP?,NP6ÊhpU�NI6=AI?BC9NIhiHKU Y § k|Æ�a�6�S�69C9NP<9j'HBA
AI69<IC=?,NINI6=AIhpU
}�HE@7NID
6G<>JT69C9NE?�NPHKAÌJ�AIHBNIHKU X � NID
6G{
696=J hpU
6=Mi?B<>NIhiCÉAI6=fÎU�?BUbNI<=j 
µj�HE@7NID
6G<IC=?,NINI6=A>6={
U
6 o NPA>HKU d!� D�6�CED
HKhpC=6'HE@�X�?BCEv%`�?BAI{$?,U
}KMi69<Âhp<Â{�6=<Ihp}KU
69{�NPH�fRhpU
hifÎh*)96!NPD�6=<I6�69ST6=C9NI< d*� D�6�fR?B}KU
hªN o {
6
HE@ § k|Æ]69ST6=C�NP<ÄD�?B<7XL6=69Ur6=<>NIhifR?,NP69{ÝhiUÝ<>6 ² 69AP?BMöfÎH|{�6=Mi<9jf`;hªNPD
hpUGNPD
6U@©AI?BfR6 `�HBAIvWH�@�NID
6Ã{
hp<>NPHBA>NP69{
`�? ² 6nhpfRJ o Mi<I6�?BJ
J
A>H w hpfq?,NIhiHKUeY z � Æu0�a � > r �Åj�?,U
{ hpUÉ?Î<�NPAIhpU
},t�Mihiv,6�fÎH|{
69Md`;D
hpCED 69fRJ
D
?B<Ih )=6=<;NPD�6
J
A>HKJ�?B}b?�NPhiHBU ?,U
{ D
?B{
AIHBU
h*)=?,NPhpHKU HE@gNID
6 J
?BA>NIHKU
hiCÊ{�6=X
A>hi<Î6=fR?BU�?,NIhiU
} @©AIHBf NPD
6ÉJ
D
H,NPHKU���XTH o U
{
U o C=Mp6=HKU ² 69A>NP6 w �?^ ` � d³� D�6n<>NIAIHKU�}R< o J
J
A>6=<I<>hiHKUWHE@ § k|Æu<�?,N]X�?BCEv%`�?BAI{Ý<>JT69C9NP?,NPHKA]J
A>HBNPHKU ?BU
}BMi6=<;hp<
6 ² hp{
6=UbN]hiU�XLHBNPDÉHE@�NPD
69<I6ÄC@?BMpC o Mi?,NPhpHKU
< d
0 {
hiA>6=C�NöC@?BMpC o Mi?,NPhpHKU¨HE@�NPD�6 § k|ÆÂC9HKUbNPA>hiX o NIhiHKU�NPH7NPD
6�C9AIHK<><ö<I6=C�NPhpHKU$AI6�9 o hpAI69<�v�U
H"`;Mp6={
}K6;HE@LNPD�6

@ o MpM
{ � U�?BfÎhiC9<�H�@�NPD�6�<>JT69C9NE?�NPHKAöJ
A>HBNPHKU � 
 < � <>NP69f d ÆuU$NPD�6�fÎH|{�6=M�HE@�:]6 @ d � > r ��NPD
6;69ST6=C�NP<'HE@ § k|Æu<
?BA>6]69<>NIhifR?,NP69{ÎX � C9HKfRJ
?BAIhpU
}	`;hpNPDÃNID
6�C=?BMiC o M�?�NPhiHBU¨HE@ § k|Æ!6�S�69C9NP<�hiU$NPD�6]D�hi}KD|t�6=U
69AI} � K ~ Y 
 � 
 ? �La�
X
A>6@?BvKt o JÌAI6=?BC9NIhiHKU dÂ� D
6�6�S�69C9NPh ² 6 ��� 
 hiUbNP69AP?BC�NPhiHBURC9AIHK<><�<I69C9NIhiHKUOjm{ ����� j.hi<'?BJ
J
A>H w hpfq?,NI6={ � ^ 1��LX �NPD
?,NÇ6 w NPAI?BC9NI6={�@©A>HKf <IHE@�N�U
6 o NPA>HKU J
A>H|{ o C9NIhiHKUehiUrNPD
6ÎD
hp}KD|tu69U
6=A>} �rz Æ�krHE@³f o HKU
<a@©AIHKf D�6@? ²��
U o C=Mp6=h � ^ 3 � d�� D�6Ã69ST6=C9N�HE@%NPD
6 § k|Æ;hi<]NPD
69UGNPHÌfÎH|{�h @ � NPD�6¨<IJL6=C�NPAP?,M�@ o U
C�NPhiHBU � % � ������� � > r!�Åj
`;D
69AI6

� ������� Y � � �'��� `Ka�� �7Y � � �'��� `ba �� 1 � { ����� Y � K � ZTa] � &	� K+ I 1
� 
 ��Y � � & �'� 1Ia 
 �,Y � � `ba �� Y � � �m��� `ba ~ � 
 A 
 A Y & � K� 1Pa

�
 � Y�1 > a
`;hpNID &�� K+ I 1qNID
6 ? ² 6=AP?,}K6Z<>6=J�?,AP?,NIhiHKU HE@�NPD
6rU o C=Mp6=HKU�<<`;hªNPD
hpU NID
6r{
6 o NP6=A>HKUOjÄ?BU�{�
 A Y & � K� 1Pa y
� � K < � � KA < & � K� 1¨NID
6�6=U
69AI} � 6 ² ?BM o ?�NP6={ ?,NÃNID
6É? ² 6=AI?B}K6�NPAP?,U
< ² 6=AI<>6WfÎHKfÎ6=UbN o fÉj & � K� 1�e	� K �
3B`K` �|^K`K` c 698 C!��j�NPAP?,U
< @©69AIAI69{+@©HBAnNPD
6�D�?,{
AIHKU�hiCÌ<>HE@�N$hiUbNP69AP?BC�NPhpHKU
<U`;hpNID 69ST6=C9NIh ² 6ÉC9AIHK<><$<I6=C�NPhpHKU
{ ����� d�� D
6Ý<�NP6=69J fRHKfÎ6=UbN o f {�6=JL6=U
{
69U
C=6rHE@7NID
6Ý{
6 o NP69AIHKUn`�? ² 6 @ o U
C�NPhiHBUOj � 
 �,Y � � & �m� 1Pa ���� 
 �,Y � � �'��� `Ka � jb69U
< o AI6=<'NPD�?,N § k.Æ*69ST6=C�NP<³?,AI6;< o J�J
AI69<I<I69{�hiUÃNPD
6]6 w NIAI6=fÎ6gX
?BCEv%`³?BA>{Ìv�hiU
69fq?�NPhiC9< d� D
6q6�S�69C9NI<nHE@ § k|Æu<�hpUeNID
hi<ÇfÎH|{
69Mö?BAI6ÎhiMpM o <�NPAI?,NP69{ehpU § hi} d r�jD`;D
hiCED <ID
H"`;<�NID
6qAI?,NPhpH�HE@³NPD�6
Mihp}KDbN>t�C=HKU
6�<IJL6=C�NPAP?,MX@ o U
C9NIhiHKU�hpU
C=M o {
hiU�} § k|Æö69ST6=C�NP</`;hpNID
hiUqNID
6 z � Æu0 NIHÃNPD�?,N�`;hpNPD�H o N � ^ ] � d 0³N
6 w NIAI6=fÎ6nX
?BCEv%`³?BA>{Ýv�hiU
69fq?,NIhiC9<¨Y �'� � `ba;HKU
6Ç<I6=69<�NPD�?�N § k.Æ³69ST6=C�NP<�C9HKUbNPAIhpX o NI6nMi69<I<]NPD�?BU � ^8;
NPHÌNID
6ÃH ² 69AP?BMpM o U
C96=A>NP?BhiUbN � HE@öNPD
6 (LY 
 � 
3? 
¯a

 C=A>HK<I<Ä<I69C9NIhiHKU @©HKA�� � 1�� ^|dn§ HKA �'�ly�`��ª1Î5Ä6�8 C��
NPD�6 § k|Æn6�S�69C9NP<Î?BA>6�fRhpU
hifÎh*)96={µ?,N � y 1��½^�j�?,U
{ AI6=fR?BhpU ?,N$NPD
6 � ^8; Mp6 ² 69Ms@©HKA ² ?BM o 69<ÃHE@ �
Y � y�1��»` ] a'N � J
hiC=?BMOhiUÊNID
hi<�6 w JL6=A>hifÎ6=UbN d
0 fÎHKA>6ÎfÎhiC9AIHK<>C=HKJ�hiC¨NPA>6@?,NIfR69UbN�H�@�NPD�6R6�S�69C9NPh ² 6RAI6=<>C@?,N>NP69AIhiU�} C9AIHK<><n<I69C9NIhiHKU `³?B<Ç{
6 ² 6=MpHKJL6={

AI69C=69U�NIM � hiU :;6�@ d �?^ `!� d�~ 69AI6�NID
6 § k|Æ³{ o 6ÇNIHRNPD�6�J
A>HKJ�?B}K?,NPhpHKU�HE@!NID
6�<�NPA o CEv U o C9Mi69HKUW{
69X
AIhp<g?,U
{
hpNI<gD�?,{
AIHKU�h*)@?�NPhiHBU hpUWNPD
6�U o C=Mp6@?BA�69U ² hpAIHKU�fR69U�N `³?,<7?BJ
J
Mphi69{ NPHRNPD
6 � Y 
 � 
 ? Y � �_1xaIa�
 AI6=?BC9NIhiHKUOjhiU `;D�hiCEDÝNPD
6$A>6=<Ihp{ o ?BM�Y � � 14agU o C9Mi6 o <Çhp<�{
6�NP6=C�NP69{ZhpUÝC=HKhpU
C=hp{
6=U
C96 `;hpNPDGNID
6Ã<IC=?,NINI6=A>6={eMi6=J|NPHKU d
§ HKA$?Ý{
6 o NP6=A>HKU NP?BAI}B69N@jöNPD�hi<ÃJ
A>H|C96=<I<ÎJ
A>6=C=hp<I69M � C9HKhiU
C9hi{
69<U`;hpNID NID�?,N$C=HBU
<Ihp{
6=A>6={#D�6=AI6,j�U�?,fR69M �
K ~ Y 
 � 
 ? #Wa�
 d!� D
6�6�S�69C9NIh ² 6]C=A>HK<I<�<I69C9NIhiHKUOj2{ ����� j�{
69<IC=A>hiX
hpU
}7NPD
6]hiUbNI6=AP?,C9NPhpHKU$HE@LNPD
6;{
69X
AIhp<�`;hªNPDÎ?U o C=Mp6=HKUqHE@ONPD�6ÃY � � 14a%<IJL6=C�NE?,NIHKA�< � <�NP69f hiU$NPD�hi<'?BJ
J
A>Hb?BCEDÌhp<'XLHBNPDRNPhifÎ6�Y �>aö?BU
{ � K {
69JT69U
{
69U�N d
� D
hp<ÃAI6=< o MpN `�?B<$HKX�NP?BhiU
69{µHKU NPD
6ÊX�?,<Ihi<ÃH�@�?ÝfÎH|{
69M �?^ ` �s`;D
hpCEDµNE?Bv,6=<ÎhiUbNPHr?BC9C=H o U�NRXLHBNPDµNPD�6
J
A>H|{ o C9NPhpHKUÌHE@�D
?B{
AIHBU
<�{ o 6gNIH¨NPD
6gX
AI6=?Bv�hiU
}¨H�@�NID
6�C9HKMiHKA'<>NIAIhiU�}
j�`;D�hiCED�hi<�@©HKAIfÎ6={Ê?3@�NP6=A³?�9 o ?BAIv
hi<�v.U�H|CEv,6={WH o N @©AIHBf ?ÃXLH o U
{ÊU o C9Mi6=HBUOj�?B<�`'6=MpM¯?B<³NPD�67J
AIH.{ o C�NPhiHBUÊHE@�D�?B{
A>HKU
<�HKA>hi}KhpU�?,NPhpU
}a@©AIHKf
}KM o HKU�AP?B{�h�?,NIhiHKU �?^ ^ � dö� D
6Ç}K6=U�6=AP?,M¯6 w J
AI69<I<>hiHKUÉD�?B<�NPD�6a@©HBAIf �

{ ����� Y �>a�y { 
 
����� < { � 
������� 
 � Y �>a < 
 � Y �>a�� � Y�1 ^ a

3K3



§ hp} o AI6�1x` �%� D
67{�6=X
A>hi< ��U o C=Mi69HKU�69ST6=C�NPh ² 6ÄC=AIHB<I<�<I69C9NIhiHKUOj'{ ����� j'@©AIHKf y 9 d Y�1 ^ a � ^ `!�Åj
?B<�?G@ o U
C�NPhpHKUHE@�NPD
6ÄMpHKU
}KhªN o {
hpU�?BML{
hi<�NE?BU�C=6 � d

`;D
69AI6 { 
 
����� ?BU
{ { � 
���	� ?BA>6nNPD�6nNPHBNP?BM�U o C=Mi69HKU|t�U o C=Mi69HKUe?BU
{ÝfÎ6=<>HKU|tuU o C9Mi69HKUÝ<IC=?,NINI6=AIhpU
}ÌC9AIHK<><7<I6=C�tNPhpHKU
<9j|?,U
{ 
 � Y �>aö?BU
{ 
 � Y �>aö?BA>6]NID
6�6�S�69C9NIh ² 6�U o f¨XL6=AI<'HE@OC9AI6=?,NP69{ÌfR69<IHKU�<�?BU�{qAP?,{
h�?,NI6={Î}KM o HKU
<=jAI69<IJL6=C�NPh ² 6=M �KdÇ� D
6Ã{
6=JL6=U�{
6=U
C96RH�@ { ����� HBU �ÃY©HKAg6:9 o h ² ?BMi69UbNPM � HKU ��jONID
6¨MpHKU
}KhªN o {
hpU�?BM�{
hp<>NE?,U
C=6@a?BU
{ � K HKA-" hi<�hpMiM o <>NPAI?,NP69{ÊhiU § hp} d 1x` d
:�U
C=6nNID
6n6�S�69C9NIh ² 6nC=AIHB<I<�<>6=C9NIhiHKU HE@%NPD�6nhiUbNI6=AP?,C9NPhpHKUWH�@*NPD
6 9 o ?BAIvÉ{
69X
AIhp< `;hpNID NID
6nU o C9Mi6=HBU
<

hi<;{
6 K�U
69{OjLNID
6Ç<>NE?,U
{�?BA>{ 69hivBHBU�?BM�?BJ
J
A>H w hpfq?�NPhiHBUÊC@?BU XT6 o <>6={WNIHR6 ² ?,M o ?,NI6�NPD
6ÇC=A>HK<I<�<I69C9NPhpHKUÉX �
AI69J
M�?,C=hiU�}�NID
6$<>NIA o CEvÝU o C9Mi6=HBU fÎHKfR69UbN o f {
hi<�NPAIhpX o NIhiHKU `;hªNPDÝNPD
6Î{
hp<>NPHBA>NP69{rfRHKfÎ6=UbN o f {
hp<>NPA>hªt
X o NIhiHKU �?^�> �[j

��� � ��� Y 	� A a % ����� � Y 	� A a�y 1^ 1YÅ3 ��a>^ ���� ����
� ( 	�
	 e�� � � Y 	� a � Y 	� a�
��� 6 w J�Y ��� 	� A - 	� a ����

K � Y�1"gba

`;D
69AI6ÃNPD
6nAI6=Mi?,NPh ² 6¨C9H|HBAI{
hpU�?,NP6 	� y 	� < ��	��~ � 	� � hp<�{
6 K�U
6={ehiUGNI6=A>fR<�H�@�NID
6ÃMiHBU
}KhpN o {
hpU�?BMÅj ��j�?,U
{
JL6=AIJL6=U�{
hiC o M�?BA9j 	� j�C=HKfÎJLHKU
6=UbNI<=j `;hpNIDÉNID
6 �R? w hp<;?BMiHBU
} 	� d�~ 6=AI6�
 � hp<³NPD
6Ä<>J
hiU `³? ² 6 @ o U�C9NPhpHKU�HE@NPD�6�K�U�?BMÂ<>NE?�NP6Bj�?,U
{ � Y 	� aghp<�NID
6 � tufR?,NPA>h w {
69<IC=A>hiX
hpU
}ÌNPD�6�K�U�?BMÂ<>NE?�NP6ÃhiUbNI6=AP?,C9NPhpHKUGXL69N `'6=69UZNPD�6
{
69X
AIhp<�?,U
{�<IJL6=C9NP?,NPHBA]U o C9Mi69HKUOj

� Y 	� a�y 1 � 

Y �ba { ����� Y �ba9Y�1 �����Âa> � � � 3 6 w J�Y � � K ~K3 � K� a � Y�1 [ a

`;D
69AI6��Zhp<�NPD�67AP?,NIhiHnH�@�NID
67AI6=?BM�NIHÃhifR?B}KhiU
?BA � J�?,A>NP<�H�@�NID
6�<>C@?,N>NP6=A>hiU
}Î?BfÎJ
MphpN o {
6Bj|?BU
{ÌNID
67<>NI6=J
@ o U
C�NPhpHKU 
�Y �bag?,AIhi<>6=</@©AIHKf NID
6nD
hp}KDW69U
6=A>} � ?BJ
J
A>H w hpfq?�NPhiHBU HE@!NPD
6¨5ÄMi? o XL6=A�NPD
69HKA �Bdg� D
6n?BXLH ² 6

3B^



§ hp} o AI6e1K1 �r� D
6WfRHKfÎ6=UbN o f ?BU
{ ?BU�} o M�?,AR{
69JT69U
{
69U
C=6rHE@7NID
6GAP?�NPhiH � ��� � ~ � � ����� j;?,N � K y
143Ê57698 K ~�� K ?,U
{ Z y�`�� grY o JL{�?,NI6={rC@?BMpC o Mi?,NPhpHKU
<�X � NPD
6$? o NPD
HBAI<7HE@ �?^�^ ��a d V¯6�@�NÄJ�?BU�6=M � {
69JT69U|t
{
69U
C=6ÌHBUZNPD�6q?BU�}KMi6ÎXT6�N `�696=U�NID
6R<>JT69C9NP?,NPHKA�J
AIH,NPHKU ?BU
{ZNID
6 ² hpA>N o ?BMöJ
D
HBNIHKU {
hpAI69C9NPhpHKU d :;hi}BD�N
J�?BU�6=M � {�6=JL6=U
{
69U
C=6�HKUÉ<IJL6=C9NP?,NPHBA�fRHKfÎ6=UbN o f d

6�9 o ?�NPhiHBU
<¯C@?BU�?BMp<IH�XL6 o <I69{�NPH;C=?BMiC o M�?,NI6 9 o ?B<>hªtu69M�?B<�NPhpC!<IC=?,NINI6=A>hiU
};X � AI69J
M�?,C=hiU�}³NPD
6ö{
69X
AIhp<�tuU o C9Mi69HKU
C=A>HK<I<]<I69C9NIhiHKU6`;hpNIDÊNPD
6ÄU o C=Mp6=HKU.tuU o C=Mp6=HKUÉC=A>HK<I<]<I69C9NIhiHKU d
� D
6q6�S�69C9NI<nHE@ § k|Æu<nhpUeNID
hi<ÄfÎH|{�6=Mö?BA>6RhpMiM o <>NPAI?,NP69{rhiU § hi} d 1K1KjI`;D
6=A>6RNPD�6qAP?�NPhiH�HE@�<IJL6=C�NPAP?,M

@ o U
C�NPhpHKU
<R`;hªNPDµ?,U
{�`;hpNID
H o N § k|Æ7C9HKAIA>6=C9NIhiHKU�<nhi<�<ID
H"`;U ?B<n?�@ o U
C�NPhiHBU HE@ 
 ?BU
{ � 	� A � dG§ HKAÇMiH"`
<IJL6=C�NE?,NIHKA�fÎHKfÎ6=UbNE?�j � 	� A � �Ñ1x`K` c 6�8 C��4jTNID
6¨6�S�69C9NP<�?,N�X�?,CEv2`�?BA>{Z?,U
}KMi69<ÃY 
 � 1x^K` � a]?BAI6 9 o hpNI6
<IfR?BMpMÅj � ^8;Ìd 0³N]Mi?BAI}K69A³fÎHKfR69UbNE?�j � 	� A � ��3B`K` c 6�8 C��4j § k|Æu<;hiUbNPA>H|{ o C=67<>HKfR6Ç3,` �|^K` ; 6=U
D
?BU
C=6�t
fÎ6=UbN�HE@�NID
6;<IJL6=C9NIAP?BM�@ o U�C9NPhpHKU d*� D�6�6�S�69C9NP<'HE@ § k|Æu<�XT69C=HKfÎ6;{
HKfÎhiU�?BUbN�?,N�JL6=A>JT69U
{
hiC o M�?,Aö?BU
}KMp6=<=j

 � rK`��=j8`;D
69AI6o@©HBA � 	� A � y 3B`B` c 6�8 C��ÃNPD
6 � AI6={ o C=6qNID
6qAI?,NPhpH�HE@�<IJL6=C�NPAI?BM�@ o U
C9NIhiHKU
<�X � <>HKfÎ6
[�^8;Ìd :�@�C9H o A><I6BjbNID
6³<>N o { � HE@ § k|Æ�?BU
{ÃD
?B{
AIHBU
h*)=?,NPhpHKUn6�S�69C9NP<%hp<!hpU�NI6=A>6=<>NIhiU
}7hpU¨hpNI<!H"`;UÃAIhp}KDbN@jb?,U
{
C@?,UGXT6�J o A>< o 69{ÝX � @©H.C o <>hiU
}RHKUWNPD�6nv�hiU
69fq?�NPhiC=?BM¯AI69}KhiHBUG?BA>H o U
{ 
 � rK` � d :�U NID
6¨HBNID
6=A�D�?BU
{Oj
NPD�6�A>6=< o MpNP<]HE@ÂNPD
6ÇfRH.{
69M¯C@?BMpC o Mi?,NPhpHKU
<�hiU § hp}K< d rR?BU
{Z1K1�}Bh ² 6 o <]C=HBU K�{
69U
C=6nNID�?,N;NPD�6�6�S�69C9NP<�HE@
§ k|Æu<�?,NgX
?BCEv%`³?BA>{e?BU
}KMp6=<�?,AI6¨?�NgNPD�6 � ^8; Mi6 ² 69M�@©HKA � 	� A � ��1@`K` c 6�8 C��4jO?BU�{=`;hiMpM�C9HKU
<�NPhpN o NP6n?
<IfR?BMpM�C=HBAIAI69C9NIhiHKUÊNPH$NPD�6ÇhpfRJ o Mi<>67?BJ
J
A>H w hpfq?�NPhiHBUÌhiU y 9 d Y ] a d
� D
6GC9HKf¨X
hpU
6={ 6�S�69C9NI<ÌHE@ § k.Æu<Ì?BU
{#U o C=Mi69HKU HBS�tu<>D
6=MpM�{�6�@©HKA>fq?,NIhiHKU HKU NPD
6 6 w NPAI?BC9NI6={Q@©AI696

U
6 o NPA>HKUÖ<�NPA o C9N o AI6 @ o U
C9NIhiHKU_?BA>6ZhpMiM o <>NPAI?,NP69{ hiU § hp} d 143|j `;D
6=A>6l`'6ZJ
MpHBNÊNPD�6Z6�S�69C9NPh ² 6luHIK ?�NZ y_`��»^Ä?BU�{ � K y_3$YÅ57698 C!�=a K U
HBAIfR?BMih )=6={�NPH7NPD
6s@©A>6=6 ² ?BM o 6;?,<ö?	@ o U
C9NIhiHKU$HE@LNPD
6;v�hiU�69NPhpC�6=U
69AI} �
HE@;NPD�6Ê<IJL6=C9NP?,NPHBAÃJ
AIHBNIHKUOj 
���� I dZ� D�6É{
?B<ID
69{ ?BU
{ {
HBN>NP6={ MphiU
69<nAI69J
AI69<I69U�NÎNPD�6ÊC=HKMpHKAn<>C=AI696=U
hpU
}� r!�³?,U
{�C=HBMiHKA�{
6=MpH|C=?BMih )@?,NIhiHKU �?^ g!�'fRH.{
69Mi<=jÂAI69<IJL6=C9NIh ² 6=M � jö?BU
{µC o A ² 6=<U`;hpNID NPD�6Ì< 9 o ?BA>6=<¨C9HKUbNE?BhpU
§ k|Æ;6�S�69C9NP< d¨� D
6ÃfÎ6@?B< o AI69{ÝNE?B}K}B6={ÝU
6 o NPA>HKUr<>NPA o C9N o AI6 @ o U�C9NPhpHKUÝhi<g6 w NPAI?BJTHBM�?,NI6={GNPHÌNID
6ÃAI69}KhiHBU

3 >



§ hp} o AI6e143 �Gy ST6=C�NÊHE@ § k|Æu<ÌHKU NPD
6 
���� I {
69JT69U
{
69U
C=6ÝHE@7NID
6W6 w NPAP?,JTHKMi?,NP69{#U
6 o NPA>HKU <>NIA o C�N o A>6@ o U
C�NPhpHKUOj!U�HKAIfR?BMih )=69{rNIHWNPD�6qHKU|t�<ID
69MiMö<>NIA o C�N o A>6o@ o U
C�NPhpHKUOjÂ?,N¨6 w NIAI69fR6RX�?BCEv%`³?,AI{ ?BU
}BMi6=< d�� D
6
{�?B<>D
6={Î?BU�{Î{�HBNINI6={ÃMihpU
6=<ÂAI69J
AI69<I6=UbN�NPD
6�C=HKMpHKA!<>C=AI696=U
hpU
} � r ��?BU
{ÃC9HKMiHBA!{
69MiH.C@?BMph*)@?�NPhiHBU �?^ g!��fRH.{
6=Mp<=j
AI69<IJL6=C�NPh ² 6=M �Kd

HE@�U
69}b?,NPh ² 6 ² ?BM o 6=<�H�@ 
 ��� I j
hpUÊ?BU�?,MiHK} � `;hªNPDÌNPD�6Ç\�D
6�` �|V¯H"` J�AIH.C=6={ o AI6�@©HKA�6 w NPAI?BC9NIhiU
}¨NID
67J
hiHBUC=A>HK<I<Î<I69C9NIhiHKU @©AIHKf ��Y 
 � 
3? ��a�
 {�?,NP? �?^�[ �[jT`;hªNPD NPD
6�JLHKMi6ÊH�@gNPD�6 HBS�tu<>D
6=MpM³U
6 o NPA>HKU#J
A>HKJ�?B}K?,NPHKAhiU NPD�6 F*� Æu0 ?BfRJ�MihpN o {
6ÌMpH|C=?,NP69{#?�N 
 + � � ���� I y �¨Y ��* � � ��Y � I � � + a>a ~K3 d � D
6 ² hiA�N o 6ÉHE@�< o CED?BUÉ6 w NPAI?BJLHKM�?,NIhiHKUqhi<³NPD
?,N;NPD
6Ä<IC=?,NINI6=A>hiU
}Î?BfÎJ
MihªN o {�6=<³C9HKUbNE?BhpU
hiU
} K�U
?BMO<>NP?,NP6ÇhiUbNI6=AP?,C9NPhpHKU
<�{
H$U
H,N
D�? ² 6Ç<IhpU
} o Mi?BAIhªNPhp6=<³C9HKAIA>6=<IJLHKU
{�hiU
}$NPHÎHKU|t�<ID
69MiMOU
6 o NPA>HKUW<�NE?,NI6=< d�� D o <=jLhi<>HKM�?�NPhiU�}nNPD
6Ä<>hiU
} o M�?BA>hpNPhp6=<
NPD�AIH o }BDqNPD
6g6 w NPAI?BJTHBM�?,NIhiHKUÎHE@�69ST6=C�NPh ² 6�<�NPA o C9N o AI6�@ o U
C�NPhpHKU
<�hpUbNPHnNID
6gU
69}b?,NIh ² 6g<IJL6=C9NP?,NPHBA�v�hiU
6�NPhpC
6=U�6=AI} � AI?BU
}K66`;hpMiM³< o J
J
A>6=<I<RNPD
6 § k|Æ¨6�S�69C9NI<RhpU NID
6 6 w NPAP?,C9NPhpHKU#H�@gNPD�6<@©A>6=6�uHIK � >%] � d § HKAÃNPD�6
J
A>HKJTHB<I6={_v�hiU
69fq?,NIhiC9<=jgNID
6ZAI?BU
}K6rHE@n<IJL6=C�NE?,NIHKA J�AIHBNIHKUÖfÎHKfÎ6=UbNE?�`'H o Mi{_C=HKA>AI69<IJLHKU
{_NIH�
���� IXL69N `'6=6=U#3 d_^ ?BU
{ ^Wc 698 d%§ hi} o AI6 143 {
69fRHKU�<>NPAI?,NP69<nNPD
?,NÃ< o CED ?,Uµ6 w NPAI?BJTHBM�?,NIhiHKUZC@?BUµXL6q{
HBU
6
`;hpNIDÊNPD
6ÄhiUbNIAIH.{ o C9NIhiHKUÊH�@!Mp6=<I<�NID�?BU ��3 ; < � <�NP6=fR?,NIhiC76=A>AIHKA d

� ��� �l������� �	��� 	�� �6�j�  �� 	G��� � ���/�!����� �j�����/���=�

� D
6qNP?BAI}B69NÃ?,U
{µAI69C=HKhpM�{�69NP69C9NIHKAU`�69AI6ÌX o hiMªNR@©HKAÇNPD
6 l : ¶ ;�ke6 w JT69AIhpfR69U�N y `B^�tº`�1x3 `;D
hpCED�< o C�t
C=69<I< @ o MiM � NPH.HKvZ{�?,NE?ÝhpU ~ ?BMpM l hiUµNPD�6 § ?,MiM�H�@73B`B` ^ `;hpNIDµ6=Mi69C9NIAIHKU XL6@?Bf 69U
6=A>}Khi69<ÃHE@�3 d 1Bj >�d 3|j
?BU
{ ^|d ^Ì57698 d�� D�?�Ng6 w JL6=A>hifÎ6=UbN�C=H ² 69AI6={GNID
6Çv.hpU
6=fR?,NIhiC@?,M¯AP?BU
}B6�HE@ÂNPD
6ÇU o C=Mp6=HKUWAI6=<>HKU�?BU�C=6=< o J
NPHÎNPD
6ÇAI69}KhiHBU HE@!{
6=69J|tuhpU
6=Mi?B<>NIhiCÄ<IC=?,NINI6=A>hiU
}GY z Æ�k
a d 0�U
6 `�{
69NI6=C�NPHKAg?BU
{ NP?BAI}B69N�D�?B{ NIHRXL6ÇX o hiMªN@j
`;D
hpCEDW?BMpMiH"`'6={ÌNPH${
6�NP69C9N;NPD
67A>6=C9HKhiMphiU
}¨MpH"`_fÎHKfÎ6=UbN o f <IJL6=C�NE?,NIHKA;J
AIH,NPHKU
<;?�N�X�?BCEv%`�?BAI{W?BU
}KMp6=< d

3 ^



l 69C@? o <>6�H�@ÂNID
6ÄMiH"`ÖfÎHKfÎ6=UbNE?¨H�@ÂNID
67J
AIH,NPHKU
<9j
NPD
69hiA�69U
6=A>} � MiHB<I<�hi< ² 6=A � M�?BA>}K67?BU
{�NPD�6ÇfR?,NI6=AIhi?BM
hiU�NID
6ÌJ�?�NPD HE@;NPD
6qJ
AIHBNIHKU
<ÃU
696={
69{ NIHÝXT6qfRhpU
hifÎh*)96={rNPHr? ² HKhp{µNPH.HGM�?BA>}K6qfÎHKfÎ6=UbN o f MpHK<I<¨HBA
?BX
<>HKAIJ|NPhiHBU d � HK}B69NPD�6=A `;hpNPDµNID
6 A>6�9 o hpAI6=fÎ6=UbN @©HKAÃNPD�6 ?,U
} o Mi?BAÃC=H ² 69AP?B}B6ÉNID
6 {�69NP69C9NIHKA$U
6=69{
6={
NPHÊXL6¨C9MiHK<>6nNPHqNID
6¨NE?,AI}K6�N7?BU
{GNID
6¨NE?,AI}K6�N�hpNI<I69M @öHE@�MiH"`�{
69U
<IhªN � NIH�?BMiMpH#`ÖNPD
6¨<>C@?,N>NP69AI6={eJ
A>HBNPHKU�<
NPHr69fR69AI}K66@©AIHBf hpN d 0g{�{
hpNIhiHKU�?,MiM � j%?BU ?BU
U o M o <$HE@g?BXTH o NR3GC=f AI?B{
h o <$?BAIH o U
{ NID
6�XT6=?Bf MphiU
6
U
696={
69{ NPH$XL6ÄvB6=J|N�?B<s@©A>6=6Ç?B<;JTHB<I<IhpX
Mi67H�@!fR?,NP69AIhi?BMi<�NPHÎ? ² HKhp{ hpU�NI6=AI?BC9NIhiHKUÊHE@ÂNPD
6ÄXL6@?Bf D�?BMpHR?,U
{
c�� MpMi69A'69Mi6=C�NPA>HKU
< `;hpNIDqNPD�6�NE?BA>}K69N �.{
69NI6=C�NPHKA�?,<I<I69f¨X
M �Kd%� D
6Ä?B<><I69f¨X
M � D�?B{ÌNIH¨XL67hiU
<�NE?BMpMi6={RhiU
<>hi{
6
?Z<>HKMi69U
HKhp{�?BM³fR?B}KU
6�NPhpC K
6=Mi{ NPH @©HKAIC96ÉNID
6 c�� MiMp6=AÃ6=Mp6=C�NPAIHBU
<qhpU�NIHeNIAP?#q>69C9NIHKAIhp6=<Î<IJ
hpAP?BMphiU
}ÝhpU NPD�6
@©HKA `³?BA>{R{�hiAI69C9NIhiHKUÎ?BU
{ÎNPHÄJ
A>H ² hp{
6]NID
6;<IJL6=C�NPAIHBfR6�NP6=A�fR?B}KU
6�NPhiC K
6=Mi{ @©HKA%NPD�6]fÎ6@?,< o A>6=fÎ6=UbN�H�@�NPD�6
C o A ² ?,N o AI6ÄHE@�NPD
6Ä<IC=?,NINI6=A>6={WJ�AIHBNIHKU
< d
� D
6³X o hiMpN!?BJ
J
?BAP?,N o <!C9HKU
<>hi<>NI<*HE@L?gAI?B{
hi?BMbNPhifÎ6öJ
AIH#q>6=C9NIhiHKUnCED�?Bf¨XL6=A;Ys: � F�\�a�jK3B`�C9f MpHKU
}�?,U
{

1 > C=f hpUÊ{
h�?,fR6�NP6=A9j
< o AIAIH o U
{
hpU
}q?Î3B^ÃC9f MiHKU
}¨NP?BAI}B69N;N o XL6ÄhiU�hpNI<�C=69U�NI6=A d'� D
6ÄNE?,AI}K6�N �.{
6�NP69C9NPHBA
< � <�NP6=f `³?B<%hpU
<>NP?BMiMp6={�hiU
<>hi{
6�NPD
6 ^�� 6=<>M�?�<>HKMi69U
HKhi{nfq?B}BU
69N!X o hiMªN�@©HKA�NPD
6 z 8�\�k¨6 w JL6=AIhpfR69UbN]Y y `�19t
1K1x^Ka dG§ HKAÄNPD�6ÌJ
AIHBJTHK<>6={µ6 w JL6=A>hifÎ6=UbNG`'6Ê?BA>6qJ
Mi?BU
U
hpU
} NIHGAI69J
M�?,C=6RNID
6Ì<>hiMihpC=HKU ² 69A>NI6 w {�69NP69C9NIHKA
hiU�<Ihi{�6�NPD
6�C96=UbNPAI?BM�\³V¯07kL143�AI6=}BhiHKU¨X � NID
hi<ÂNE?BA>}K69N �.{
69NI6=C�NPHKA*< � <>NP69f d%� D�hi<*hp<*<ID
H"`;UÎhiU § hp} o A>6g1x^ d
0gUÎH ² 69A ² hi6 ` HE@LNPD
6;C@?,J�?BX
hpMihpNI6=<*H�@TNID
6;U
6�` \³V�0�kT1437{
69NI6=C�NPHKAöC@?,URXL6s@©H o U
{$hiU �?^E] �[j�?Ç{�H|C o fR69UbN
J
A>6=J�?BA>6={ @©HKA;FT0]\³^B` d

� #%" + ��������	 .���- �Î�%	�&'�O�
� D
6�}b?,<ÂNE?,AI}K6�N%C=HKU�<Ihi<�NP<*H�@L? � ?,J�NPHKU�N o XL6Bj2g d 1³fÎf�hiU¨{
hi?BfÎ69NP69A*?BU�{U`;hpNPD ^ `��Of `³?,MiM�NPD
hpCEv.U�6=<I<9j
`;hpNIDG6=UbNIAP?BU
C96Ã?BU
{W6 w hpN `;hiU
{
H"`;<�MpH|C=?,NP69{WH o NP<Ihp{
6�NID
6¨Mp6=U
}BNIDWHE@%NID
6¨: � F'\ dT� D
6G`;hpU
{
H"`;<7?BA>6
fR?B{
6$HE@�1 ^ �Of NID
hiCEvr?,M o fÎhiU o f @©HKhiM dR� D
6 o J
<�NPA>6@?Bf 6=UbNIAP?BU
C96�`;hpU
{
H"` hi<Ä< o AIA>H o U
{
69{�X � ?BU
?BM o fRhpU o f <ID
A>H o {µNPHÝ<>D
hi69Mi{�NPD�6�: � F�\ @©A>HKf X�?,CEv.}BAIH o U�{ J
?BA>NIhiC=Mp6=<¨C9AI6=?,NP69{ ?�N¨NPD
hp<G`;hiU�{
H"` d
� D
6Ä<ID�AIH o { 6 w NP69U
{
< >2[ fRf hiUbNPHÃNID
6ÄhiU
<>hi{
67HE@�NPD�6Ä: � F�\Ö?BU
{�{
H.6=<;U
HBN�?,ST6=C�N�NPD
6Ç?BC9C=69J�NE?BU�C=6
@©HKA�NPD
6�MiH"` fRHBfR69U�N o f2AI69C=HKhpMTJ
A>HBNPHBU
<T`;hªNPD ² 6=A � M�?BA>}K6]X�?BCEvq<>C@?,N>NP69AIhiU�}Ã?BU
}KMp6=< d*� D
6gNP?BAI}K6�N³C96=MiM
C@?,U XL6�K�MiMp6={ o J�NPHÎ?ÎJ�AI6=<>< o A>6�H�@�r ^ J
<>h�?U`;hpNID }b?,< d�z 6 o NI6=A>h o f hi<�NPD
6ÄJ
A>hifR?BA � NE?,AI}K6�N�}K?B<=j�X o N
?BMp<IH$D � {�AIHK}K69UW?,U
{ D�6=Mih o f `;hpMiMTXT6 o <>6={�@©HBA�C@?BMphiX
AI?,NPhpHKUqJ o AIJLHK<I69< d

� #?> ��������	�� ' + �O����
�����	��]� ' �Â����. )
l HBNIDRNID
6�NP?BAI}K6�N³?,U
{qNPD�6�<>JT69C9NE?�NPHKA'J
AIHBNIHKUq{�69NP69C9NIHKAT`;hpMiM�XL6gMiH.C@?�NP6={ÎhiU�<Ihi{�6]NID
6gC96=UbNPAI?BMT{�69NP69C9NIHKA
<IHBMi6=U�HKhi{�?,M�fR?B}KU�69N d�� D
6¨MpHKU
}KhªN o {
hpU�?BMOfR?B}KU�69NPhpC K
6=Mi{�@©AIHKf NPD�hi<g<>HKMi69U
HKhp{�`;hiMpMD@©HKAIC96nNPD
6 c�� MpMi6=A
6=Mp6=C�NPAIHBU
<%hiUbNPH�NIAP?#q>69C9NIHKAIhp6=<%<IJ�hiAP?,MihiU�}ghiUbNIH�NPD
6 @©HKA `³?,AI{${
hiA>6=C�NPhiHBU$?BU
{OjbD
69U
C=6,j�< o J
J�AI6=<><�NID
hi<!X�?BCEvKt
}KA>H o U
{ÊhpU
<Ihp{
6�NID
6�AI69C=HKhpMT{�69NP69C9NIHKA d NPD�6�<IHKMp6=U
HBhi{o`;hpMiML?BMi<>H¨J
A>H ² hp{
6gNPD�67?BU�?BM � )=hiU�}¨fq?,}KU
69NIhiC K�6=Mp{
@©HKA�XL6=U
{�hiU
}ÃNPD�6ÇA>6=C9HKhiMOJ�AIHBNIHKUÉNIAP?BCEv�<]hiU
<>hi{
6�NPD
6Ç: � F�\ @©HKA³NID
6ÄfRHBfR69U�N o f fÎ6@?,< o A>6=fÎ6=UbN d

� #FE � � ) .�� ' � .%-2� �Z	��Â-|��
��6.��'� �µ����- �n��	
� D
6$C � MphiU
{
A>hiC=?BM!: � F'\�X o hpMpNj@©HBA�6 w JL6=AIhpfR69UbN y `B^�tº`�1x3qD�?B{ÝNPH�@ o M K�MiM�<I6 ² 69AP?BMöC=A>hpNI6=AIhi?�j�H�@�`;D�hiCED
NPD�6�C=HKU�<>NPAI?BhiUbN'NPH�K
N�hiU
<>hi{
6]NPD
6Ä3B3B`nfÎf XLHKA>6�HE@¯NPD�6 z 8�\�kq<>HKMi69U
HKhp{Ìhi<'U
HBN³A>6�9 o hpAI6={ÊD�6=AI6 dö� D
6
<I69U
<IhªNPh ² 6�{
AIh @�N¨A>6=}KhpHKUµHE@]NPD
6�: � F�\2hi<Ã?BU ?BU�U o M o <U`;hªNPDµNPD
6ÊhpU
U
69A¨AP?B{�h o <ÃHE@�^K`ÝfÎf ?,U
{ ?BU
H o NI6=A�AI?B{
h o <�HE@8gK`ÃfRf döc ?,NI6=A>h�?BMp<³XT6�N `�696=UÉNPD
6�NP?BAI}K6�N]?BU
{ÊNPD�6Ç<>6=U
<>hpNIh ² 67{�69NP69C9NIHKA ² HKM o fR67D
?B{
NPHWXT6RfRhpU
hifÎh*)96={GNPHWJ
AI6 ² 6=UbN$69U
6=A>} � MpHK<I<ÇHE@�NID
6q<>C@?,N>NP6=A>6={µJ
A>HBNPHBU
<¨?BU�{µ?BU
{ NIHGfÎhiU
hpfRh )=6¨NPD�6

3Eg



§ hp} o AI6W1x^ �Ì� D
hpU {
6 o NI6=A>h o f NE?BA>}K69NÎ?BU�{ AI?B{
hi?BM � F�\ @©HBAÃJ
AIHBNIHKU {
69NI6=C�NPhiHBU <>D
H"`;U hpU
<Ihp{
6ÌNPD�6
C=69UbNPAP?,M¯{
69NI6=C9NIHKA]HE@%\³V¯0�kT143 d

3 [



16°

GEMs

PADS

Window

Cathode

Field Cage
Electrodes
(Chord Wall)

Tracking
Volume

Support
Plate

High-Voltage
Circuit

Left Module Right Module

GEM-1
GEM-2

GEM-3

PADS

GEM
Voltage
Divider & Wires Window

Cathode

Support
Plates

GEM-3

Gas
Port

Field Cage Electrodes
(Inner Surface)

Field Cage Voltage Divider

to HVPSGas Port

a) b)

§ hp} o AI6Ç1 > � F%D
HBNPHB}KAP?BJ�DÌ?BU
{Êk|CED
6=fR?,NIhiC z hi?B}KAI?BfÑHE@�NPD
6 l : ¶ ;�kR: � F�\�YO@©AIHKf � gK`!��a d ?ba'\�A>HK<I<ºt
<I69C9NIhiHKU ² hp6�` NID
AIH o }KD�NPD
6ÇC=69U�NI6=A�HE@!NID
6n{
6�NP69C9NPHBAd X�a;F%D
HBNIHK}KAP?,J
D H�@!NPD�6�Mp6�@�N]fRH.{ o Mp6�`;hpNID NPD�6
AI6=?B{
H o N�J
?B{
XLHb?BAI{eAI69fRH ² 6={�?,U
{ ?ÊC9HKfRJ�Mi6=fÎ6=UbNP?BA � 6 w J
MiH.{
6={ ² hi6 `�6 w JLHK<IhpU
}�NPD
6$C=HBfRJLHKU
69U�NI<
HE@�NPD
6ÄA>hi}KDbN;fÎH|{ o Mi6 d

hiUbNI6=AP?,C9NPhpHKUÃHE@TX�?BCEv�}KA>H o U
{ÎJ�?BA�NPhiC9Mi69< d X
?BCEv�}KAIH o U
{RJ
?BA>NIhiC=Mp6=<ö?BA>6�fRHB<>NPM�Ãc�� MiMp6=A*69MiMi69C9NIAIHKU
<v@©HBAIC=69{
HKUbNPH$D
69MihpC@?BM�NIAP?#q>69C9NIHKAIhp6=<;hiUbNPH¨NID
6	@©HKA`�?BA>{ {
hpAI69C9NPhpHKUÉ?BMiHBU
}¨NPD
6ÄXL6@?Bf ? w hi< d
� D
6É?BfÎJ
Mih K�C@?,NIhiHKUeHE@;NPD�6Ê{
AIh@�NPhiU�}W6=Mp6=C�NPAIHBU
<Ãhi<Ã?,CED
hi6² 6={ X � NID
AI696ÉMi? � 6=A><ÃHE@g5Ç?,< y Mi6=C�NPA>HKU

c o MªNPhpJ
Mihp6=AgYÅ5 y'c j
<I696�:;6�@ d	� ^ r!��a @©HKhiMp<³?,N;AI?B{
hihLHE@8gK`�j gK^�j
?,U
{<g�g¨fRf d*� D
hp<�hi<³< o AIA>H o U
{�6={ÉX � ?
C � MphiU
{
A>hiC=?BM�A>6@?B{
H o N]< o A @s?BC=6	@©6@?�N o A>hiU
}$AI69C9NP?BU
} o Mi?BA�J�?B{�<�?�N]?$AI?B{
ho <;HE@vgEr$fÎf d
� D
6�A>6=< o MpNIhiU
}]{
69NI6=C�NPHKAÂC=HKU
<>hi<�NP<!H�@�N`'H�<IhpfRhpM�?BAOD
?BM @�t�C � MihpU
{
6=A o U
hpNI<�`;D
hpCED¨?BA>6'fR?,NI6={�NIHK}K6�NPD
69A

HKU 6=hªNPD
69AÉ<>hi{
6rHE@�NPD
6eC=69UbNPAP?,MÇXL6@?,f ? w hi< d 0 w hi?BM�fÎ6=CED�?BU�hiC@?,M7<>NPA o C9N o AI69< K
N `;hªNPD
hpUÖ? !$1Jg �
`'6={
}K6�?BMpHKU
}ÃNPD
6ÄNPHBJW?BU�{ XLHBNINIHKf HE@�NPD�6n?B<><I69f¨X
M� j�?B<]<ID
H"`;UWhpU § hi} d 1 >
d 0gMiM�HE@!NID
6Ä<>NPA o C9N o AP?,M
C=HBfRJLHKU
69U�NI<�`'6=A>6Gfq?,CED
hiU
69{ H o NRHE@ ;]MpNP69f��� dÖy ?BCED < o X�?B<><I69f¨X
M � Y)`;hpU
{
H"`Äj�C@?�NPD
H.{
6Bj³NID
AI696
5 y'c <=jÄ?BU
{ J�?B{�XTHb?,AI{�aÌhi<�<>6=M@�t�< o J�JTHKA�NPhpU
} d2� D
6=<>6 J�?,A>NP<�U
69<>NÉNPHK}B69NPD�6=A�NPH @©HKAIf NID
6 `;D
HKMp6
{
6�NP6=C�NPHKA%fÎH.{ o Mi6 dÂ� D�6�hiUbNP69AIhiHBA8`�?BMiMp<!HE@�NPD�6³{
AIh@�N*A>6=}KhpHKUÉY©N `'H76=U
{�C@?BJ
<�?BU�{¨N `�H ² 69A>NIhiC@?,M
< o A @s?BC=69<
@©HKA>fRhpU
}�<I69}KfÎ6=UbNP<�HE@�?ÄCED�HKAI{$NPD
A>Ho }KDÃNID
6;C � MihpU
{
6=APa*?BAI6;J
A>hiUbNP69{|tuC9hiA>Co hªN]Y[F�\�a*XTHK?BAI{
<%J
?,NINI6=AIU�6={
`;hpNID fÎ69NP?BMONPAI?BC=69< @©HBAIfÎhiU
}¨NID
6�K�6=Mp{ C=?B}K6 d'� D
6�? w h�?BM�F�\_XLHb?BA>{
<;6 w NP69U
{Ý?BXLH ² 6�?BU
{ÉXT69MiH"` NPD�6
?BC�NPh ² 6¨JLHKA>NIhiHKUGH�@�NID
6Ã{
6�NP6=C�NPHKAÄ?,U
{ÝJ
AIH² hi{�6nNPD
6ÃD�hi}KD|t ² HKMªNE?B}B6�{
h ² hi{
69A�C=hpAIC o hpNP<g?BU
{rC=HBU
U
6=C�NPhpHKU
JLHKhiUbNP<9j�?B<s`'6=MiM�?,<]J o Mi<>6�tuhpU3q>6=C�NPhpHKUÊC=hpAIC o hpNPA � @©HKA³NI6=<�NPhiU�}$NID
6Ä6=Mp6=C9NIAIHKU�hiC=<d

� #�� �µ��4��
��- �_��4 � ' ��
���	��'�1I � ' �6.*A ' .º��	54
5Ä?B<�6=Mp6=C�NPAIHBUÝf o MpNIhiJ
Mphi69AI<;?BA>6 ^ ` �Of NPD
hpCEv JLHKM � hpfRhp{
6	@©HKhiMp<�C9Hb?,NI6={ÝHKUÝXLHBNPDÝ<>hi{
69<j`;hpNIDr? ^ �Of
C=HBJ
JT69A�Mi? � 6=AÇ?BU�{ZJ o U
C9N o AI69{�`;hpNID [ `��Of D
HKMi69< dÎ� D
6Î{
hi<�NE?BU
C96$XT6�N `�696=U�NPD�6=<I6ÎD
HKMp6=<Ähi<Ä?,XTH o N
1 > ` �Of d%l'� ?BJ
J
M � hpU
}$? ² HKMªNE?B}B67hiUÌNPD�6ÇAI?BU
}K6ÄHE@!3B`B`Ã8�NIHÎ^K`K`¨8 ?BC=A>HK<I<�NPD�6�N `�HÎC=HKJ�JT69A]Mi? � 6=A><
? ² 69A � D�hi}KDµ69Mi6=C�NPA>hiC K�69Mi{µhp<G@©HKAIfÎ6={µhpU
<Ihp{
6qNID
6ÊD
HKMp6=<d y Mi6=C�NPA>HKU
<Ã{
A>h @�NPhpU
} NIH"`³?BA>{
<ÃNPD
6É5 y�c
@©HKhpM�J
AIH.{ o C96g?BUq? ² ?,M�?BU
CED�6�HE@O<I6=C9HKU
{�?,A� 6=Mp6=C9NIAIHKU�<�`;D
69UÌC@?,J�No A>6={Ê?,U
{Ì?BC9C=69Mi6=AI?,NP69{qNPD�AIH o }BDRNPD�6

3 ]



D
HKMp6=< dÇ� D�6Ã}b?BhiUWhi<�HE@%NID
6ÃHKA>{
6=A�H�@�1@`K` dÄ� D
6Ã6=Mp6=C�NPAIHBU
<7?BA>6nNPAI?BU
< @©69AIA>6={ÝNPHÌNID
6ÃU
6 w N�5 y�c @©HKhiM
?BU
{ ?3@�NP6=A�J�?B<><IhiU�}GNPD
A>6=6É5 y'c @©HBhiMi<ÄNPD�6ÌAI69< o MªNPhiU�}G6=Mp6=C9NIAIHKU J o Mi<>6Ìhi<n{
69NI6=C9NI6={ HKU�NID
6ÌAI6=?B{
H o N
J
Mi?BU
6 dÇ� D
6¨NID
AI696q5 y�c < o J�JTHKA�N	@©AP?BfÎ6=< `�69AI6${
hifÎ6=U�<IhiHBU
6={Ý< o CEDeNID�?,N7hp{
6=UbNIhiC@?,M%5 y'c @©HKhpMi<]HE@
?BUÉ?BC�NPh ² 6Ç?BAI6=?ÎHE@*3B`ÃC=f�� 1 [ C=f C9H o Mi{�XL6 o <I69{ NPD�AIH o }BD
H o N d

� #�� � ��� ) ����� � ' ��
���	��'��.�
 4
� D
6¨H o NP69AIfÎHK<>NgC � MihpU
{
AIhpC@?BM�Mi? � 6=A�HE@%NPD
6n{
69NI6=C9NIHKA�hp<�NPD�6nAI6=?B{
H o N7XTHK?BAI{GfR?B{
6ÇH o NgHE@�? ��6 w hiX
Mp6
JLHKM � hifÎhi{�6 < o X
<>NIAP?,NI6 d Æ�NÌC@?BA>AIhi69<Ê}KHKMp{|tuJ
Mi?,NP69{#C9HKU
{ o C�NPh ² 6rJ�?B{
<ÊHBU NPD
6ÝhpU
U
6=AÊ< o A @s?,C=6 `;hpNID ?
J�?,N>NP69AIUeHE@ >
d >%^ fÎf � ^ fÎf j�<ID
H"`;UehiU § hi} d 1 ^|dn� D
6$J�?B{
<Ç?BA>6ÎC9HKU
U
69C9NI6={eX � C9MiHK<>6={ ² h�?B<�NIH
NPD�6ÎH o NP69AÇ< o A @s?,C=6$HKU `;D
hiCEDe}KAIH o J
<ÄHE@�1"gÉJ
?B{
<Ç?BAI6¨NIAP?BC96={eNPHÉ?ÊC=HKfÎfRHBUeC9HKU
U
69C9NIHKA=j�C@?,AIA � hpU
}
1"g�t�CED�?BU
U�6=M¯J
A>6@?BfÎJ
Mih K�6=A�C@?BA>{
< d

Z Axis (Parallel to Beamline)
P

H
I 

A
xi

s 
(A

ro
u

n
d

 R
TP

C
)

5mm

4.45mm

1mm

2mm

§ hp} o AI6q1 ^�� FÂ?B{�576=HBfR6�NPA � hiUGNID
6ÎFöA>H|{ o C9NIhiHKUe: � F�\ d¯� D
69AI6Î?BAI6 > `�A>H"`;<�?,U
{ > `ÊC=HKM o fRU�<�HE@
J�?B{�< d FÂ?B{ AIH"`;< Y[?BMpHKU
}GC � MphiU
{�AIhiC=?BM'? w hi<Ea¨?,AI6ÊHBST<I6�N @©AIHKf HKU
6�tº?BU
H,NPD
69A¨NPHrhifÎJ
AIH ² 6qNPD
6ÌNIAP?BCEv
AI69<IHKM o NPhpHKU d
� D
6q<>hi}KU
?BMi<Ç?BA>6qhiU ² 6=A>NI6={�HBUZNPD�6=<I6qC@?BA>{
<n?,U
{ NPAI?BU
<>fRhªNINP69{ ² hi?�gÉf MpHKU
}ÉC@?BX�Mi6=<ÄNPHW? MpH#`³t

hifÎJL6={�?BU�C=6ÌA>6=C=69h ² 6=AÃC=hpAIC o hpN=jv@©6=6={�hiU
}GNID
6ÊJTHB<IhpNIh ² 6q<Ihp}KU�?BMp<¨hiUbNIHWNPD
6ÊA>6@?B{�H o NÃ69Mi6=C�NPA>HKU
hiC9<Ã{
6 ² 6=MÏt
HKJL6={#?,Nq\ y : ¶ @©HBA$NID
6 � F'\ HE@�NPD
6É0�V¯Æ�\ y 6 w JL6=A>hifÎ6=UbN@j o U
{
6=AÎC=HBU
<>NIA o C�NPhiHBU ?,NÎNPD
6 V�?BAI}B6
~ ?,{
AIHKUµ\�HKMiMphi{
69Aa@©HBA�D
6=? ².� t�hiHKU�C9HKMiMphi<>hiHKU
< � g�1�� dGy ?BCEDµA>6@?B{�H o N¨C=?BAI{ J
AIH ² hi{
69<q143 ] CED�?BU
U�6=Mi<�HE@
J
A>6�tº?,fRJ
Mph K�C=?,NPhpHKUOj�{
hi}BhpNPh )@?,NIhiHKU ² h�?G?�1@`�tuX
hªNn0 z \gj!<>hi}KU�?,M�C=HBAIAI69C9NIhiHKUµC9hiAIC o hpNI<=jö?BU�{ ?GJ
hiJL6=MphiU
6
X o ST6=A @©HKA;6=hp}KDbNg6 ² 6=UbNI< d�y ?,CEDG6 ² 6=UbN7C=HBU�NP?BhiU�<]NID
6n<>hi}KU�?,Mi<;HE@%?,MiM�J�?B{
<]hiUbNI6=}KAI?,NP69{WH ² 69An1K1 > U
<I69C
NPhpfR6�hiUbNP69A ² ?BMi<v@©HBAö?ÄJL6=A>hiH.{ÃHE@Â1 d [ �O<>6=C;XT6 @©HKAI6;?,U
{or d [ �O<>6=C�?�@�NP69A*NPD
6]?BA>AIh ² ?BM|HE@�?BU$6=Mi69C9NIAIHKU$NPA>hi},t
}K69A�@©AIHKf \³V¯07k d k.hi}KU�?,Mi<�XL6=MpH#`�J
A>6=<>69NÄNPD
A>6=<>D
HKMi{�<=jONE?,v.hpU
}Ê{ � U�?BfÎhiC=?BMiM � C@?BMpC o Mi?,NP69{r?BU
{rJ
A>6=<I6�N
JL6={
69<>NE?,Mi<�hiUbNPHÇ?BC9C=H o UbN=j�?BA>6;< o J
J�AI6=<><I69{ÊhiU$NPD
6;{�?,NP?Ç<�NPA>6@?Bf�NIH�{
69C=A>6@?B<>6]NID
6�{
?,NE? ² HKM o fÎ6 @©HKA�?BU
hiU�C=AI6=?B<I6�HE@%NPD�6n6 ² 6=UbN7AI?,NP6 d�� D
hpA>NI6=6=UÝA>6@?B{�H o N�C@?BA>{
<7?BA>6nU
696={
69{GNPHqA>6@?B{WH o N�HBU
6nD�?,M @�tuC � MihiU�{
6=A
HE@�NID
6Ì{
6�NP6=C�NPHKA dÝ� D
6 � ?BAI6R}KAIH o JT69{µhiUbNPH HKU
6ÌC9AP?,NI6Bj%C9HKUbNPAIHBMiMi69{ X � HBU
6qA>6@?B{
H o NÃC=HBU�NIAIHKM'C@?BA>{
Y[:³\ ;�a dBz o AIhpU
}g{
?,NE?�NP?Bv�hiU
}gHE@�6 w JL6=AIhpfR69UbN y `K^�tº`|143;NID
6³6=hp}KDbN*6 ² 6=UbN�X o ST6=A!HE@�NPD
6�AI6@?,{
H o N!C@?BA>{
<
C=H o Mi{�U�HBN¨XL6Ì?BC9C=69<I<I69{ X � NPD�6ÌAI6=?B{
H o NnC=HKUbNIAIHKM�C@?BA>{
<=j%Mp6@?B{�hiU
}ÉNPHG?,U o U�X o ST6=A>6={ <IhpU
}KMi6Î6 ² 6=UbN
AI6=?B{
H o N�`;hpNIDr?ÌMihifÎhpNI6={É6 ² 6=UbNnAI?,NP6nHE@ ^ `K` ~ ) dÇ� D
hi<�MphifÎhpN/`;hiMpMÂXL6ÃH ² 69AIC=HBfR6ÃX � hpfRJ�Mi6=fÎ6=UbNIhiU
}
U
6 `�:�\ ; K�AIfR`³?BA>6	@©AIHKf \ y : ¶ hiUÊNPD�6Ç< o fÎfR69A�HE@%3,`K`�g d

3Er



� #�� �]��-2��� .�	54�� � � 4
� ' � 4 ��	���- >���� � � �7�
� D
6': � F�\ `�?B<ÂC=?BMihpX
AP?�NP6={ÄX � K�MpMihiU�}�NPD
6öNE?,AI}K6�N�}b?B<�C=6=MpME`;hpNID�D � {
A>HK}K6=U�}b?B<�?BU
{�{
69NI6=C�NPhiU�}�69M�?B<�NPhiC
<IC=?,NINI6=A>hiU
}�6 ² 69UbNP<�`;hªNPDq1 d 1�5Ä6�8#69Mi69C9NPA>HKU
< d*§ HKA�NPD
hp<�{
?,NE?;NE?Bv�hiU�}]NID
6�5 y�c ?BfÎJ
Mih K�C@?�NPhiHBU ² HKMªNE?B}K6
`�?B<$hiU
C9AI6@?,<I6={µNIHefR?Bv,6ÌNPD
6�: � F�\2<I6=U�<IhpNIh ² 6�NIHÝfRhpU
hif o f hiHKU
h )=hpU
}WJ�?,A>NPhpC=Mp6=< dZ� D
6�6=Mp6=C9NIAIHKU�<
`'6=AI6¨NID
6=Ur{
6�NP69C9NP69{rX � NPD
6$: � F'\�?BU�{ \³V¯0�kTjf`;D
hpMi6ÇNPD
6$: � F�\�?BMp<IHÊ{
6�NP6=C�NP69{rNID
6¨69M�?B<�NPhiC=?BMiM �
<IC=?,NINI6=A>6={WJ�AIHBNIHKU hpUÉNID
6ÄHKJ
JLHK<IhªNP6ÄD
69fRhp<IJ
D
69AI6 d'� D
6Ç6=Mp6=C�NPAIHBU fÎHKfÎ6=UbN o f ?BU
{É<IC@?�NINP69AIhpU
}q?,U
}KMi6
{
6�NP6=A>fRhpU
6={ZNPD
6ÌJ�AIHBNIHKUµv�hiU
69fq?,NIhiC9<=j8`;D�hiCED�`'6=AI6ÊC9HKfÎJ�?BAI69{ NPH NPD
6Ì{�hiAI69C9NIM � fR6=?B< o AI6={µJ�AIHBNIHKU
fÎHKfR69UbN o f X � NPD�6Ä: � F�\ d 0gUÊ6 ² 6=UbN]{
hp<IJ
Mi? � HE@�< o CED ?,UÉ6 ² 69U�N]hp<�<ID�H#`;UÉhiU § hi} d 1"g¨HKUÌNID
67Mi6 @�N d
ÆuU § hi} d 1 [ NPD
6g{
hpST6=A>6=U
C96�XT6�N `�696=U�NPD
6g<IC@?�NINP69AIhpU
}Ã?BU
}BMi6=<�?B<³fÎ6@?B< o AI69{ÊX � \³V¯07kÊ?BU�{ÌX � NPD�6

: � F�\_?,AI6Ä{
hi<>J
M�? � 6={ dö� D
6Ä<Ihp}KfR?¨HE@ÂNID
6Ä{
hi<�NPA>hiX o NIhiHKUÊhp<�Mi69<I<�NPD�?,UZ1 d_^ � d
z o AIhpU
}Ä{�?,NP?ÇNE?,v.hpU
}ÄHKURNID
6]{
6 o NI6=A>h o f�NP?BAI}K6�N@jbNPD�6�69Mi6=C�NPA>HKU
< `�69AI6gHBU
M � fÎ6@?,< o A>6={qX � \³V¯07kLj

`;D
hpMi6�NID
6�AI69C=HKhpMihiU�}�J
AIH,NPHKU
<v`'6=A>6;{
69NI6=C9NI6={ÎX � NPD
6;: � F'\ d ÆuU § hp} d 1 ] HKUÃNPD
6�Mp6�@�N@j,NPD
6;C=HBAIAI69M�?,NIhiHKU
XL69N `'6=6=U 69Mi69C9NPA>HKU ?BU
{#J�AIHBNIHKU ² 6=A�NPhiC96=<Rhi<$<ID
H"`;U+@©HKAR3 d 1W57698 XT6=?Bf 6=U
69AI} �Bd � D
6É{
hpST6=A>6=U
C96
XL69N `'6=6=UµNID
6RN `'HGhi<Ç<ID�H#`;UµHBU NPD
6RAIhp}KDbN d�� D
6ÌJL6@?BvrHE@³C=HKA>AI6=Mi?,NP69{�6 ² 6=UbNP<Ãhp<�A>hi<>hiU
} ?BXLH ² 6qNPD�6
X�?BCEv�}KA>H o U
{ HE@!?BC=C9hi{
69U�NP?BM¯6 ² 6=UbNP< d

� ��� �l���/���#� � ��
  �����


ÆuU¨NPD�hi<!<>6=C�NPhiHBUOjE`'6�{
6=<>C=AIhpXT6'NPD
6³{�69NE?,hiMi<ÂHE@�H o A!<Ihif o M�?,NIhiHKUÄHE@�NID
6³J
A>HKJTHB<I6={ l : ¶ ;�kn6 w JL6=A>hifÎ6=UbN d
ÆuU#J
?BA>NIhiC o M�?BA9j�`'6W<>D
H"` NID�?,N `'6WC@?,U ?BCED
hp6 ² 6 < o ÍÎC9hi6=UbNqAI6=<>HKM o NPhiHBU hpU ?BMpM�AI69Mi6 ² ?BUbNÎv�hiU
69fq?�NPhiC
² ?BAIhi?BX
Mp6=<%?BU�{q?B{�6�9 o ?,NI6�<�NE?,NIhi<>NIhiC=?BM�?BU
{Î< � <�NP6=fR?,NIhiC;J
AI69C=hp<IhiHBU @©HBA*NPD
6;v�hiU
69fq?�NPhiC�X
hiU
<öHE@ThiUbNI6=AI69<>N d

� #%" I �'���
� ���%	 ' � ��.*-Ñ� ' �!�6.��'�
�Z6g{
6 ² 6=MpHKJL6={�? c HBU�NI67\³?BA>MiH�<Ihif o M�?,NIhiHKU @©HKAöNPD�6�J
AIHBJTHK<>6={Ì6 w JT69AIhifÎ6=UbN'NPH¨{
6�NP69AIfÎhiU
6]6 w JL6=C9NI6={
C=H o UbN;AP?,NI6=<=j�v�hpU
6=fR?,NPhpCgC9H ² 6=AI?B}K6Ç?BU
{�AI69<IHKM o NPhpHKU d*� D�6Ç6 ² 69U�N]}K69U
6=AI?,NPHBA @©HKA�NPD�hi<³<>hif o Mi?,NPhpHKU � gb3 �
o <>6=<³?ÄJ�?BAI?BfÎ69NP69AIh )@?,NIhiHKUÃHE@LNPD�6 `'HKAIMp{	�¡<�<�NPA o C9N o AI6 @ o U
C9NIhiHKUÎ{�?,NP?7HKUqJ
A>HBNPHBU
<�?BU
{Î{
6 o NI6=A>HKU
<³?,U
{
?�AI6=?BMihp<>NIhiC�fÎH.{
6=M|HE@�NPD
6�{
6 o NP69AIHKUÎfÎHKfR69UbN o f `³? ² 6/@ o U
C9NIhiHKUÉY©X�?B<I69{RHBU¨NPD
6;FÂ?BAIhp<%JTHBNI6=UbNPhi?BM
?,U
{
NPD�6nMihp}KDbN>t�C=HKU
6ÄJ
A>6=<>C=AIhpJ�NPhpHKUÉX �W§ AP?BU�v2@ o A>Ng?BU
{Ýk�NPAIhpv�fq?BU � ^�g!��a�NIHqJ
A>H|{ o C=6n69Mi69C9NPA>HKU��.X
?BCEv%`³?BA>{
<
J
A>HBNPHKUrC9HKhiU
C9hi{
69UbNÄ6 ² 69UbNP<Ç{
hi<�NPAIhpX o NI6={r?BC9C=HKA>{
hiU
}ÊNIHÌNPD
6ÎF*� Æu02C=AIHB<I<Ä<I69C9NPhpHKUrhiUGNID
6$<IJL6=C9NP?,NPHBA
J
hpC9N o AI6 d � D�hi<Î6 ² 69UbNÌ}K69U
6=AI?,NPHKAÎD�?B<RXT696=U <ID
H"`;U NPHeAI69J
AI69<I69U�N 9 o hpNP6 `'6=MiM�NID
6GQKV�?BX y gZ{�?,NP?
NE?,vB6=UW?,N;D
hp}KD
6=A�<>JT69C9NP?,NPHKA;fÎHKfÎ6=UbNE?¨hpU�NID
6ÄX�?BCEv%`�?BAI{ AI6=}BhiHKU � gb3 � dö� D
6Ä}K6=U
69AP?,NI6={ 6 ² 69UbNP< `'6=A>6
AP?,U
{
HKfÎM � {
hi<�NPA>hiX o NI6={É?BMpHKU
}ÃNPD
6ÄC96=UbNPAI?BM�Y �ba�? w hp< d
� D
6ÇX�?BCEv%`³?,AI{��.<>C@?,N>NP69AI6={Ý<>JT69C9NP?,NPHKA]J
A>HBNPHKU�<]D
? ² hpU
}q?,UÉhpU
hpNIh�?BMTfRHBfR69U�N o f }BAI6@?�NP6=A�NID�?BU�gK`

c 6�8 C��/`�69AI6�@©HKMpMiH"`�69{qNPD�AIH o }BDÌNPD
6�<>hif o M�?,NIhiHKUÎHE@¯NPD�6�NE?BA>}K69N³?BU
{�: � F�\ d�l H,NPDÌ69U
6=A>} � MpHK<I<�?,U
{
f o MªNPhpJ
Mi6]<IC=?,NINI6=AIhpU
}ÃhiU�?,MiMLC=HKfÎJTHBU
6=UbNP<�H�@¯NPD
6�NP?BAI}K6�N;?BU
{�{
6�NP69C9NPHBA `�69AI6�NE?,vB6=UÉhiUbNIHÃ?BC=C9H o UbN@j�?,<
`�?B<]NID
6ÄC o A ² ?,N o A>6ÄHE@ÂNID
67NPAI?BCEvÌhiUÊNID
6Ä<IHKMp6=U
HKhp{ K�6=Mp{ d
0Ñ<>hif o Mi?,NPhpHKU�HE@*NID
6 l : ¶ ;�kW: � F�\ `�?B<�<I6�N o J�`;D
hiCEDGhpU
C=M o {
69<gJ
A>HKJT69Ag69Mi6=C�NPA>hiC�?BU
{GfR?B},t

U
6�NPhiC
K�6=Mp{
<öNPH¨C9HKAIA>6=C9NIM � ?BC9C=H o U�N�@©HKA�NID
6g{�AIh @�N'HE@ONID
6ghpHKU
h )@?,NIhiHKU$6=Mp6=C�NPAIHBU
<�hpURNPD�6�: � F�\ �¡<�?BC9NIh ² 6
² HBM o fÎ6 dö� D
6ÇJ
AIH,NPHKU�NPAI?BCEvÊJ�?BAI?BfR6�NP69AI<s`�69AI6ÇJ
AIH.C=69<I<>6={GX � NPD�hi<�J�?BCEv�?B}B6ÇNIHRJ
A>H|{ o C=6Ä<Ihpf o Mi?,NP69{
: � F�\�<Ihp}KU�?BMp< dÊ� D
69<I6Ê<Ihp}KU�?BMp< `'6=A>6 o <>6={µX � NPD
6q: � F�\2?,U�?BM � <>hi<ÇJ�?BCEv�?B}K6ÎNPHÝ?,N>NP69fRJ�N�AI69C=HKU.t
<>NIA o C�NPhpHKU HE@7NID
6WJ
A>HBNPHBU#NPAI?BCEv�< d�§ HKAR6@?BCED < o C=C96=<I< @ o MiM � A>6=C9HKU
<>NIA o C�NP69{ J�AIHBNIHKUOj³NPD�6GAI69< o MªNPhiU�}
> t�fRHKfÎ6=UbN o f ?BU�{W?'��?B}$hiU�{
hiC=?,NPhpU
}¨NPD�?�N]NID
6ÄJ
AIH,NPHKU `³?,<�{
6�NP69C9NP69{WhpUÉNID
6Ç: � F�\ `�69AI6a`;AIhªNINP69U
NPHÎ?BUÉH o NIJ o N K�Mp6 d

^K`



§ hp} o AI6q1"g �Äy M�?B<�NPhpC@?BMpM � <IC=?,NINI6=AI69{ 69Mi6=C�NPA>HKU Y©Mi6 @�N�ag?BU�{ZJ
A>HBNPHBU#Y©AIhp}KDbN�a @©AIHBf ?Ý1 d 1q57698 69Mi6=C�NPA>HKU
A o U�HKUµ?ÉD � {
A>HK}K69U�NE?BA>}K69N d � HKJ�Mp6�@�N � \ o N¨JL6=AIJL6=U�{
hiC o M�?BAÄNPH NPD
6RXT6=?Bf MihiU�6WYOZ
t��btuJ
Mi?BU
6@a � NIHKJ
AIhp}KDbN �$² 69A>NPhpC@?BM�C o N YOZ
t ��t�J
M�?BU�6xa � XLHBNINIHKf A>H"` � N `�He^ z ² hp6�`;<=j�AIH,NE?,NI6={ rK` �Ã?,AIH o U�{ NID
6ÊXL6@?Bf
? w hi< d

^�1



§ hp} o AI6W1 [��Êz hªS�69AI6=U�C=6�XT6�N `�696=U NPD
6�6=Mp6=C�NPAIHBU <>C@?,N>NP69AIhiU�}Z?,U
}KMi69<¨fÎ6@?B< o AI69{ X � \³V¯07k ?BU
{ NPD�6
: � F�\ o <IhpU
}Ý?WD � {
A>HK}K6=U�NP?BAI}B69NÃ?,U
{ 1 d 1�57698 XL6@?,f 69U
6=A>} �Kd \ o NP<¨hpU ² 69A>NI6 w ?,U
{µ?�)9hif o NID�?BM
<IC=?,NINI6=A>hiU
}Î?BU
}BMi6Ä?BA>6�?,J
J
Mihp6={ d

§ hp} o AI6r1 ]�� 8ö6=A�NP6 w C9HKAIA>6=Mi?,NPhpHKU J�MiHBNÎXL69N `'6=6=U 69Mi69C9NPA>HKU
<q?B<RfÎ6@?,< o A>6={ X � \³V¯07k ?,U
{ J
A>HBNPHKU�<
fÎ6@?B< o AI69{ X � NPD�6ÇA>6=C9HKhiMO{�69NP69C9NIHKA�YsMi6 @�N�a³?BU�{É{�hpST6=AI69U
C=6ÇXL69N `'6=6=UÉNPD
67N `'HÝY©AIhi}BD�NEa d

^b3



k|hifÎhiMi?BAIM � j�NID
6qC9HKAIA>6=<>JTHKU�{
hiU
} 6=Mp6=C9NIAIHKUeNPAI?#q>6=C�NPHKA>hi6=< `�69AI6RJ
AIH.C=69<I<I69{µX � ?ÉfRH.{
h K�6={ ² 69AI<IhpHKU
HE@�NPD
6ÃU�6�` \³V¯07kL143Ì<Ihif o M�?,NIhiHKU J�?BCEv�?B}K6��������	��
 dÃ� D
6$<IC=?,NINI6=AIhpU
},tu?BU
}KMp6¨C=H ² 69AP?B}B6 o <I6={ @©HKA�NPD�6
@©HKA `³?BA>{Z{�69NP69C9NIHKA `�?B<a@©AIHKf ^ �ÄNIH > ` � d$� D
6ÎU
6�` \³V¯0�kT143ÉC96=UbNPAI?BMö{
69NI6=C�NPHKA	`�?B<�U�HBNÇhiU
C9M o {
69{
hiUµNID
6�<Ihif o M�?,NIhiHKU�j%?B<$hpNU`'H o Mp{ XL6�AI69J
M�?BC96={ X � NPD
6É: � F�\ @©HKA¨NPD
hp<Ã6 w JL6=AIhpfR69UbN d � D
6=<>6ÉN `'H
<Ihpf o Mi?,NP6 �|?BU�?BM � )=6%CED�?BhpU
<I`�69AI6�K
U�?BMiM � C9HKf¨X
hpU
6={ÄNPH � hp6=Mp{ÇfÎ6@?,U
hiU
}�@ o MbJ
AI69{
hiC�NPhpHKU
<�HE@
6 ² 69U�N � hi6=Mp{
<=j
?BC9C=6=J|NE?BU
C96BjL?BU
{É6 w JL6=A>hifÎ6=UbNE?BM¯A>6=<>HKM o NIhiHKU�< d
§ HKA�NPD
6 K�U
?BM*{�?,NP?Ê<P?BfÎJ
Mi6Ã{�hi<IC o <I<>6={ZXT69MiH"`ÄjD`�6$C=HBU
<Ihp{
6=A>6={eHKU
M � J
AIH,NPHKU
<	`;hªNPDrhiU
hªNPhi?BM�fRH,t

fÎ6=UbN o f XL6=MpH#` 1@`K` c 6�8 C��É?BU
{P`;hpNPD#?Z<>C@?,N>NP6=A>hiU
}�?BU
}KMp6 HE@�fRHKA>6ÉNID�?BUQrB` �RA>6=M�?�NPh ² 6ÉNIH NPD�6
XL6@?Bf ?BU
{ÊfÎHKAI6gNID�?BUÝ1K1@` � AI6=Mi?,NPh ² 6]NPH¨NPD�67{
hiA>6=C9NIhiHKUqHE@�NPD
67fÎHKfÎ6=UbN o f2NPAI?BU
< @©6=A ² 69C9NIHKA dö� D
69<I6
² 69A � hpfRJLHKA>NP?BUbN�J
A>HBNPHKU�<nY�8�ÆºF%<Ea³C9HKAIA>6=<IJLHKU
{ÉNPH$<IC=?,NINI6=A>hiU
}Î6 ² 6=UbNP<�HBSÝU
6=?BAIM � HKU|t�<ID
69MiMOU
6 o NPA>HKU
<9j
`;hpNID ² 6=A � MihªNINPMp6 o U�C=6=A�NE?BhpUbN � @©AIHKf/K�U�?BM¯<�NE?,NI6ÇhpUbNP6=AI?BC9NIhiHKU�<;?BU
{ÉHBSLt�<ID
69MiMO6�S�69C9NI<¨Y©<I6=6nk|69C9NPhpHKUÉ^ba d
§ hp} d 1"r�<>D
H"`;<³NPD
6�<IJL6=C�NE?,NIHKA�fÎHKfÎ6=UbN o f2?,C=C=69J�NE?,U
C=6�H�@ONPD
6�J
AIHBJTHK<>6={Ì6 w JT69AIhifÎ6=UbN³?BC=C9HKAI{
hpU
}�NIH
H o A�<>hif o M�?,NIhiHKU d

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

0 20 40 60 80 100 120 140 160 180

Θpq / deg

Counts

Θpq > 110 deg

ps < 100 MeV/c

RTPC acceptance

0

1000

2000

3000

4000

5000

6000

7000

8000

9000

0 0.05 0.1 0.15 0.2 0.25 0.3

ps / GeV/c

Counts

Θpq > 110 deg

ps < 100 MeV/c

RTPC acceptance

§ hp} o AI6Ç1"r � ÆuU�� o 69U
C=67HE@OC o NI<³HKUqNID
6g6 w JL6=C�NP69{ÉU o fnXT69A�HE@�C9H o UbNP<�@©HBA�NID
6�J
A>HKJTHB<I6={q6 w JT69AIhpfR69U�NI<
HE@]A o U
U
hiU�}Ý?,NÊ1K1Ê5Ä6�8¨j!J�MiHBN>NP6={ ?,<Ã?=@ o U
C�NPhiHBU�HE@;NPD
6Ì?BU
}KMp6qXL69N `'6=6=U NPD�6Ê<IJL6=C9NP?,NPHBA¨{
hiA>6=C�NPhiHBU
?BU
{ NPD
6 � ² 6=C�NPHKA9j 
 � +	� j*YsMp6�@�N�a]?BU
{Ý?,<7?�@ o U
C�NPhpHKUGHE@%NID
6¨<IJL6=C�NE?,NIHKAgfÎHKfÎ6=UbN o f � A Y©AIhi}BD�NEa d \ o N
1ÝY©X
M�?,CEveJLHKhpU�NI<Ea7C=HKUbNP?BhiU
<n?BMiM%6 ² 69U�NI<U`;D
6=A>6Ê?BU�69Mi69C9NPA>HKU hp<�{�69NP69C9NI6={�`;hpNID
hiU K�{ o C9h�?BMöC o NP<Ã?,U
{
?WJ
A>HBNPHBU�hi<�6=fÎhpNINI6={µ?�N¨fÎHKAI6ÎNPD�?BU gB` c 698�C��RfÎHKfÎ6=UbN o f ?,U
{µ?,NnfRHKA>6RNID�?BU rK` � <IC@?�NINP69AIhpU
}
?BU
}BMi6�`;hpNID A>6=<>JT69C9NgNIHÎNID
6ÇXT6=?Bf {
hpAI6=C�NPhpHKU d \ o N73ÉYsA>6={ JTHKhpUbNP<Ea�A>6�9 o hpAI6=<g?B{
{
hªNPhpHKU�?BMpM � NPD�?�N�


�
+ �hi<'fRHBAI6�NID�?BUÝ1K1@` � d \ o N;^�Y©}KAI696=UÊJLHKhiUbNI<Ea�A>6�9 o hpAI6=<;?,{
{
hpNIhiHKU
?BMiM � NPD
?,N³NPD�6�<IJL6=C�NE?,NIHKA³fÎHKfR69UbN o f

hi<�XT69MiH"`Ñ1@`K` c 698�C���?BU�{�NID
6�K�U�?,MOC o N > Y©X
M o 67JTHKhpUbNP<Ea�AI6�9 o hpAI69<³NPD�?,N�NID
67<IJL6=C�NE?,NIHKA�hi<�{
69NI6=C9NI6={
`;hpNID
hiUÌNID
6Ç?BC=C96=J�NP?BU
C96nHE@�NPD
6ÄA>6=C=HBhiMO{
6�NP69C9NPHBA d

Æ�N;hi<³hpfRJLHKA�NE?BUbN�NPHÃU
HBNI6�NPD�?�N `�6�`;hpMiMLXT6Ä?,X
Mi6gNIHÃ<I69J�?BAP?�NP67J
hpHKU
<�@©A>HKf J�AIHBNIHKU
<�hiURNPD
6Ä: � F�\
{
6�NP6=C�NPHKA o J NPHrfÎHKfR69UbNE?ÝHE@g?,NÎMi6@?,<>NR3B`K` c 6�8 C��ÌX � C9HKfRJ
?BAIhpU
}GNPD
6ÊNIAP?BCEvµC o A ² ?,N o AI6�hiU NPD�6
<IHBMi6=U�HKhi{�K�69Mi{ ?,U
{ NID
6e6=U
69AI} � MpHK<I<ÉhiU NPD�6 ?BC�NPh ² 6e{
69NI6=C9NIHKA ² HKM o fR6 d �Z6 `;hiMiM�NPD o <WXL6Z?BX
Mi6
NPHWfq?Bv,6Ì?É{
hiA>6=C9NnC=HKU�U
6=C�NPhiHBU�`;hpNID NPD
6RfRHBfR69U�N o f AP?BU�}K6qC9H ² 6=A>6={ X � NID
6q<�NE?BU
{
?BAI{ \³V¯07kL143
C=69UbNPAP?,MONPAP?,CEvB6=A9j `;D
hiCED `;hiMpM�?,MiMiH"` o <³NIHÎ<�N o { � hiUÊ{
6�NE?BhpM�NPD�67HKU
<I6�N;HE@ÂHBS
��<ID
69MiMO6�S�69C9NP<]?BU�{ÉH,NPD
69A

^K^



{
6 ² hi?,NPhpHKU
<s@©AIHBf NPD
6�<IhifÎJ
Mp67<IJL6=C9NP?,NPHBAgJ
hpC9N o AI6ÇhiU ?L@ o N o AI6Ç6 w NP69U
<IhpHKUGHE@ y g$NPHÉ1K1Ã57698njL?BU
{ NIH
J
hpUÉ{�H#`;U�NPD�6Ç6 w NPAP?,JTHKMi?,NPhpHKUÊC o A ² 6Ç<ID�H#`;U hiU § hp} d 143Ã?,N�NID
6ÄD
hi}BDÉfÎHKfÎ6=UbN o f 6=U�{ d

� #?> � � 4�� ' ���6.��'�
ÆuUÌNPD�6�J
AIHBJTHK<>6={Ê6 w JL6=A>hifÎ6=UbN@jm`�6j`;hpMiM o <I6�NPD
6gNIAP?BCEvRC o A ² ?,N o A>6�hiURNPD
6�<>HKMi69U
HKhp{!K�69Mi{ÌNPHn<I6=J
?BAP?,NI6
J
A>HBNPHKU�<R@©AIHBf J
hiHKU�<R`;hpNID <>hifÎhiM�?,A�6=U
69AI} � {
69JTHK<>hpNÌY[?BU�{ NPD
69AI6 @©HKAI6Rf o CEDµMiH"`'6=A�fRHKfÎ6=UbN o fÌa�hpU
NPD�6Ä?BC9NIh ² 6g{
69NI6=C9NIHKA;AI69}KhiHKU d :�UÌNPD
67HBNID
6=A�D
?BU
{Oj'`'67C@?,U o <I6�NPD�67{
6=JLHK<IhªNP69{É69U
6=A>} � NIHÃC@?BMpC o Mi?,NP6
NPD�6RhpU
hpNIh�?BMÂfRHKfÎ6=UbN o f HE@'NPD
6ÎJ
AIH,NPHKU#YsHKU�C=6qhªNP<Ähi{�6=UbNPhªN � D�?B<ÇXT696=UZ6=<>NP?BX
Mphi<ID�6={�a d � hpNID ? 3 ^8;
AI69<IHKM o NPhpHKU7HKUÄNPD
6ö{
69JTHB<IhpNI6={Ä6=U�6=AI} � j�`'6öC@?BU�?BCED
hp6 ² 6�?�AI69<IHKM o NPhpHKU�� �*~ ��y�1x` ; �7Y �*~|1x`K` c 698 C!�=a�j
fÎHKAI6%NPD
?BUn< o ÍÎC=hi69UbN�@©HKA¯NPD�6'J o AIJLHK<I6'HE@
v�hiU�6=fR?,NPhpC�C9HKAIA>6=C�NPhiHBU
<�@©HBA�NID
6�hiU
hªNPh�?,MB<>NP?,NP6�fÎHBNPhpHKUÄHE@
NPD�6
o U
HBX
<I69A ² 69{ÝU
6 o NPAIHBU d Æ @�`'6¨?B<>< o fÎ6�?B<g? `'HKAI<�N �.C=?B<I6¨<>C=69U�?BAIhpHÎNID�?,N]NPD
6ÇAI69<IHKM o NPhpHKU�HKUWXLHBNID NPD�6
NPAI?BCEvÇXT69}KhiU
U�hiU
}�?BU
{nNIAP?BCEvÄ69U
{ÃhiUÇNPD
6�^�C=f ?BC�NPh ² 6�A>6=}KhpHKUnhp<Â{
6�NP69AIfÎhiU
69{¨X � NID
6³MpHKU
}KhªN o {
hpU�?BMKJ
?B{
<Ih )=6,j�{ � y ^ fRfo~�� 143|j `'6ÇC@?BUÉ<>NIhiMiMT6 w NPAI?BJLHKM�?,NI6�NPD
6ÄJ
A>HBNPHBU ² 6=A>NI6 w NIHq?BXLH o N]^$fÎf AI69<IHKM o NPhpHKUOj
6 ² 6=U hpU
C=M o {
hpU
}rf o MpNIhiJ
Mp6Ê<IC=?,NINI6=AIhpU
} d � D�hi< `;hiMiM � hp6=Mp{#?e< o J
J�AI6=<><IhpHKU HE@�?BXTH o NR? @s?BC�NPHKA$HE@73B`
@©HKAg?BC=C9hi{
69U�NP?BM�C=HKhpU
C=hp{
6=U
C96=<�X � AI6:9 o hiAIhpU
}RNID
6nJ�AIHBNIHKUÝ?BU
{W6=Mi69C9NIAIHKU ² 6=A�NPhiC96=<�NIHqXL6G`;hpNID
hiUZ1nC=f
HE@�6@?BCED HBNID
6=A d 0g{
{
hªNPhpHKU�?BMpM � jÂNPD
6ÊNPhpfRhpU
}GA>6=<IHBM o NIhiHKUµHE@�1x`K`GU�<=j�C9HKAIA>6=<>JTHKU�{
hiU
}ÝNIHZ?µ1x` cW~ )
AP?�NP6Bj*`;hiMpMÂA>6 q>6=C�NÄ?BU � H o N7HE@%NIhifÎ6ÇNIAP?BCEv�< d :�U
C96Ã?ÌJ
A>HBNPHKUWD�?B<�XL6=69Uehp{
6=UbNIh K�69{Ý?B<�XL6=hpU
}ÌhiU NPA o 6
C=HBhiU
C9hi{
69U
C=6 `;hpNPDR?�<>C@?,N>NP69AI6={Ê69Mi69C9NPA>HKUOj2`�6�C@?BU o <I6]NPD
6]< o JL6=A>hiHKA�6=Mp6=C�NPAIHBU ² 69A>NI6 w AI6=C9HKU
<�NPA o C9NPhpHKU
HE@Â\³V¯07kL143¨?BU
{ÌNID
67? ² 69AP?B}K6�NPAP?,CEvRJLHK<IhªNPhpHKUqhpU
<Ihp{
6�NID
6 � F�\ NIH¨{
6�NP6=A>fRhpU
6�NID
6�<>C@?,N>NP6=A>hiU
}$?,U
}KMi6
NPHÎ?BXLH o N]^�� d%� D
6ÇAI6=<>HKM o NPhiHBUÊhiU���`;hiMpM�XL6Ä6 ² 69UWXL69N>NP6=A�{ o 67NPHÃNPD
6ÄU�?,AIAIH"`_XT6=?Bf `;hp{�NPDÉ?BU
{�NPD�6
<IfR?BMpMi6=A�J�?B{�<Ih )=6ÄhiUÊNPD
?,N;{
hiA>6=C�NPhiHBU d
� ?,vB6=UÝNIHK}K69NID
6=A9jf`'6G`;hiMpM�AI6=<>HKM ² 6nNPD�6nhiU�hpNPhi?BM¯X�?BCEv%`�?BAI{rJ
A>HBNPHBUWfÎHKfR69UbN o f NPHq< o X
<�NE?BUbNIh�?BMpM �

XL69NINI6=AgNID�?BUµ1x` c 698�C��¨?BU
{GNID
6¨A>6=M�?�NPh ² 6¨?BU�}KMi6�XT6�N `�696=UrNPD
6¨{�hiAI69C9NIhiHKU HE@ � ?BU
{GNPD�6¨J
AIH,NPHKUWNIH
?BXLH o N]3 � d%� D
hi<�A>6=< o MpNI<�hiU�?BUÉ?B{
{�hpNPhpHKU�?BM o U�C=6=A�NE?BhpUbN � HKUÌNPD�67AI6=C9HKU
<�NPA o C9NP69{WfÎhi<><IhiU�}¨fq?,<I<," HE@
NPD�6 o U�HKX
<I69A ² 6={GU
6 o NPA>HKUWH�@%?BXLH o NÇ1K1 c 6�8�?,N;NID
6�69M�?B<�NPhpC7JT6=?Bv d ?BU
{ Mi69<I<]?,N]D
hi}BD
6=A "�j�C=Mp6@?BA>M �
f o CEDÉXL69NINI6=A�NPD
?BUÉNID
6Ä6 w JL6=C9NI6={ hiUbNPA>hiU
<>hiCÄ\³V¯07kL143$A>6=<>HKM o NIhiHKU d

� #FE + �%
L/;&�	����7� ) � 2������ 4
� D
6ÉM�?BA>}K6=<�NÎJTHBNI6=UbNPhi?BM�<IH o AIC96 HE@gX�?BCEv�}KA>H o U
{ 6 ² 69U�NI<ÌC=HBfR69< @©A>HKf c�� MpMi69AÃ6=Mi69C9NIAIHKU
< d �Z6<`;hpMiM
<I6�N$NPD
6�fR?B}KU
6�NPhiC!K�6=Mp{ H�@�NID
6�<IHKMp6=U
HKhp{µNPHrC o A>M o JµNPD
6 ² ?B<�NRfR?#q>HKA>hpN � HE@]NPD
69<I6É6=Mi69C9NIAIHKU
< Y o J
NPH�3B` c 6987a d�� D
6 A>6=fR?BhiU�hiU
}rD
hp}KD
6=A �.fÎHKfR69UbN o f c�� MiMp6=AÃ6=Mp6=C�NPAIHBU
<�`;hpMiM³fÎH ² 6 @©HKA `�?BAI{#?,Nq?BU
?BU
}BMi6¨XL6=MpH#` r �Ä?BU�{GNPD
69AI6�@©HBAI6ÃfÎhi<I<�NPD
6$: � F�\�AI69C=HKhpM!{
6�NP6=C�NPHKA d k|HBfR6¨H�@'NID
6 c�� MpMi69A�6=Mp6=C9NIAIHKU�<
`;hpNID ² 6=A � D
hi}BD fÎHKfÎ6=UbNE?�`;hpMiM�69UbNP6=AÊNID
6e: � F�\gj]X o N `;hiMiM�U
HBN�XL6r{
69NI6=C9NI6={_XT69C@? o <>6ZH�@nNPD�6
hiU�<I6=U�<IhpNIh ² hpN � H�@
NPD
6�: � F�\ZNPH�fRhpU
hif o fÖhiHBU
h*)9hiU
};J�?BA�NPhpC=Mi69< d 0gMpM c�� MiMp6=A�6=Mp6=C9NIAIHKU�<8`;hiMpMbXT6'<>NIHKJ
JL6={
hiUÎNPD
6�{
H"`;U
<>NIAI6=?Bf XL6@?,f C9HKMiMphifR?,NPHBA d 0gU � AI6=fR?BhpU
hiU
}Ä69Mi6=C�NPA>HKU
<T`;hpMiM�XL6gfÎhiU
hpf o f�hpHKU
h )=hiU�}�?,U
{
NPD�6=AI6 @©HKAI6Ä6=?B<IhpM � {�hi<>NIhiU
} o hi<>D
6={6@©AIHBf NPD�6Ç<>MiH"` J�AIHBNIHKU
<s`�6Ç?BA>6ÄhiUbNP69AI6=<�NP69{ hpU d
ÆuU § hi} d 3B`r?e<>hif o Mi?,NPhpHKU A>6=< o MpN @©HKA ^G� 6=<IMi?efR?B}KU�69NPhpC K�69Mi{ hi<Ã<>D
H"`;U d � D�6 <>hiMihpC=HKU ² 6=A�NP6 w

{
6�NP6=C�NPHKA7hpU NID
6ÃC=69U�NI6=A7hp<gJ�?BA�NPM � H ² 6=AIMi? � 6={ `;hªNPDGNPD�6¨H o NIMihiU�6�HE@%NID
6Ã: � F�\�?B<�X o hiMpN dg� D
6Ã{�AIh @�N
AI69}KhiHBU hp<�D
hp}KD
Mphi}KDbNP69{�hiUWX�M o 6 d 0g<]C@?BUGXL6Ç<I6=69U @©AIHKf NID
6 K�} o A>6Bj�NPD
6n: � F�\ÖC=H o Mp{WXL6�6 w NP6=U�{
6={
?BMpHKU
}¨NPD�6ÇXL6@?,f ��tº? w hp<s`;hpNPD�H o N;hiUbNI6=A @©69AIhpU
}U`;hpNID�NID
6 c�� MpMi6=A�69Mi69C9NPA>HKU
< d
0 {
6={�hiC@?�NP6={$<>hif o Mi?,NPhpHKUR@©HBA%D�?B{
A>HKU
hiC³?BU
{$6=Mp6=C9NIAIHKfR?B}KU�69NPhpC�X�?,CEv.}BAIH o U�{
<'D
?B<%XT696=U$<I6�N o J$X �

0 d 8�Mi?B<I<>H ²Td ÆuUWNID
6nA>6=}KhpHKUG?BA>H o U
{ÉNPD
6�XT6=?Bf MihpU
6�H.C=C o J
hp6={WX � NPD
6n: � F�\ÖNPD
6�hiUbNP69}KAP?,NI6={ AP?,NI6
HE@!?BMiMTX�?BCEv�}KA>H o U
{
<;hp<�XT69MiH"`�3,`K`¨v ~ )	@©HKA;?ÃM o fÎhiU�HK<IhªN � H�@ ^ - 1x` c9c C=f d K <I69C dfe döy Mi69C9NPA>HKfR?B}KU
6�NPhiC

^ >



§ hp} o AI6�3B` � k|hif o M�?,NIhiHKU�AI6=< o MpNöH�@ c�� MiMp6=A*69Mi6=C�NPA>HKUÃNPAP?"q>6=C9NIHKAIhp6=<%C o AIMphiU
}7?,AIH o U�{$NID
6;XT6=?BfÑ<>HKMi69U
HKhp{
YsXL6@?,fÌag? w hp<�hiU @©HBA `�?BAI{r{
hpAI6=C�NPhpHKU dÇ� D
6$C=HKU
6ÃH�@'NIAP?#q>69C9NPHBAIhi69<�C=Mp6@?BA><7{
AIh @�N7AI69}KhiHBUÝHE@öNPD
6$: � F�\
hiU�{
hiC=?,NP69{ÉX � NID
6ÄX
M o 6ÇH o NPMphiU
6�H ² 6=AIMi? � 6={ HKUÊNPHKJÉHE@�NPD
6Ä<>hiMihpC=HKU ² 6=A�NP6 w NIAP?BCEv,6=A d

^ ^



X�?BCEv�}KA>H o U
{ ?BC9C=H o U�NI<�@©HKAÌ?,XTH o N�3B` ; HE@7NID
hi<ÌX
?BCEv�}KAIH o U
{Q`;hpNPD#J
D
HBNIHKU
<ÌU
H,NÊMi6=? ² hpU
} NPAI?BCEv�<
hiU�<Ihi{�6;NID
6�: � F'\ �¡<�{�AIh @�N�A>6=}KhpHKUOjbX o N�<IhpU
}KMi6�JLHKhpU�N�tuMphivB6�CED
?BAI}K6�{
6=JLHK<>hpNP< d*� D
6�fq?BhpU$<IH o A>C=6�HE@ONPD�6
X�?BCEv�}KA>H o U
{eD
hªNINPhpU
}RNID
6$: � F�\�hp<�D�?B{�AIHKU
hpC¨hiUGNID
6U@©HKA>f HE@�J
hpHKU
<7?,XTH ² 6Ê1@`K` c 698�C��¨?BU�{rNIH�?
Mi69<I<>6=A;6 w NP69UbNgHE@ÂJ
A>HBNPHKU�</`'6=MpM�?BXLH ² 6$1x`K` c 698�C�� d
V¯H#` fÎHKfR69UbN o f J
hpHKU
<�?,AI6 o U�Mihiv,6=M � NIHÊC=HKfÎ6R@©A>HKf D
hi}KDWfRHKfÎ6=UbN o f NPAP?,U
< @©69A�hiUbNP69AP?BC�NPhpHKU
<=j

h d 6 d NPD
6 � ?BA>6WU
H,NÊMihpvB6=M � NPH�XL6GhpU NPA o 6GC9HKhiU
C9hi{
69U
C=6�`;hpNPD NPD
6G<>C@?,N>NP69AI6={ 69Mi69C9NPA>HKU d 8ö69A � MiH"`
fÎHKfR69UbN o f J
hiHKU�<U`;hiMiM�C o A>M o J hpUµNPD
6�<IHBMi6=U�HKhi{ K�69Mi{ ?BU
{ U
HBNÎA>6@?BCED NPD
6�A>6=C=HBhiM³{
6�NP69C9NPHBA d 0³N
<IHBfR6 `;D�?,N7D
hp}KD
69AgfÎHKfR69UbNE?ÝYs?BXTH ² 6$3B` c 6�8 C��9a�jTNPD
6 � C@?,UÝ{
6=JLHK<IhªN7?ÌA>6=M�?�NPh ² 6=M � M�?BA>}K6n<>hi}KU�?,MÂhpU
NPD�6n{
A>h @�N�AI6=}BhiHKU HE@*NPD�6 � F�\ � D
H"`'6 ² 6=A=jONID
6 � `;hiMpM¯XT6�XT69UbN�X � ?RM�?BA>}K6Ç?BU
}KMp6�hpU � `;D
hiCEDÝC=?BUGXL6
6@?,<IhiM � {
69NI6=C9NI6={ o <>hiU
}nNID
67?�)9hif o NPD�?BM�NPAI?BCEvÎMi6=U�}BNPDÌhpUqNPD�6 � F�\ d 0³N�fÎHKfR69UbNE?¨?BXLH ² 67^B` c 698�C��4j
NPD�6=hiA�6=U
69AI} � MiHB<I<ghpUWNPD�6Ã?BC9NIh ² 6 ² HBM o fÎ6R`;hpMiM�XT6nf o CEDÝ<IfR?BMpMi6=A�Y©X � ?,NgMi6@?,<>N7?L@s?BC9NIHKAgHE@�^Ka;NPD
?BU
NPD
?,N;HE@!?BU � HE@ÂNID
6ÄJ
AIH,NPHKU
<;HE@ÂhiUbNI6=AI69<>NnY©8gÆºF%<Ea d
� D
6$X�?BCEv�}KA>H o U
{eC=HKUbNIAIhiX o NPhpHKU @©AIHKf 6=UbNIAP?BU
C96Î?BU
{r6 w hpN	`;hpU
{
H"` HE@öNPD
6¨NP?BAI}K6�NÄC@?BUrXL6Ã< o J.t

J
A>6=<I<>6={�X �r² 69A>NI6 w C o NI<�HBAÇ< o X�NIAP?BC�NP6={ o <IhpU
} 69fRJ|N � NE?BA>}K69NÇA o U
< d �Z6 `;hiMpM%?BMi<>H o <I6ÎA o U
<a`;hpNID
D � {
AIHK}B6=UÌhpU
<>NI6@?B{RHE@¯{
6 o NP69AIh o f2?B<�NP?BAI}B69N'}b?B<öNPHn<�N o { � ?,{
{
hpNIhiHKU
?BM
X�?BCEv�}KA>H o U
{q<IH o A>C=69<ÄY[?B< `'6=MiM
?B<s@©HKA�C=?BMihpX
AP?,NIhiHKUqJ o AIJLHK<>6=<Ea d
0gXLH o NÇ3,` ; HE@%NPD
6nD�?B{
A>HKU
hiCn?BC=C9hi{
69UbNE?BMÂC=HKhpU
C=hp{
6=U
C96¨AP?�NP6nH�@�?BXTH o N¨1"gB`qv ~ )¨XL69N `'6=69UZ<>C@?,N�t

NP69AI69{ 69Mi69C9NPA>HKU
<$?BU�{ o U
AI69M�?,NI6={ D�?B{
A>HKU
<ÉY©J
hiHKU�<Ã?BU
{ J
A>HBNPHKU�<EaR`;hiMpM'XL6ÊXL6=MiH"` 1x`K` c 698 C�C ?,U
{
`;hpNID
hiUÃNID
6]?BC=C96=J�NP?BU
C=6]HE@�H o A%AI69C=HKhpM�{
69NI6=C�NPHKA d � 6s`;hiMpM�XL6]?BX
Mi6�NIHÇ{�hi<IC9AIhpfRhpU�?,NP6³?B}b?BhpU
<>N%D
?B{
AIHBU
<
`;D
hpCED ?BA>6$fRHKA>6nNPD
?BU.!Ã1x`K`ÊU
<>6=CÎH o NÇHE@�NPhpfR6G`;hªNPDÝNPD�6Î69Mi69C9NPA>HKUrX � 6 w NPAI?BJTHBM�?,NIhiU
}qNID
6Î?BAIA>h ² ?BM
NPhpfR6;HE@�NPD
6�{
AIh @�N�69Mi6=C�NPA>HKU
<�X
?BCEvÎNIH�NID
6g69U�NIAP?BU�C=6�HE@�NPD
6�{
AIh @�N'A>6=}KhpHKU d%y*² 6=U�?B<>< o fÎhiU
}ÇNPD
6 `;D
HKMp6
1"gK`�v ~ )7X�?BCEv�}KA>H o U
{É?BU
{ÌNP?Bv�hiU
}�NPD
6�NIhifÎ6�A>6=<IHBM o NIhiHKUÌA>6=< o MpNI<�hiUÊ?BUÊH ² 6=AP?,MiM�J�AIHKX�?,X
hiMphpN � HE@ö1 d g ;
@©HKA;?BUÉ?BC9C=hp{
6=UbNE?,M¯D�?B{
A>HKUÊNPH$XT67hpUÊNPhifÎ6j`;hªNPD�?Ã{
69NI6=C�NP6={ 6=Mp6=C9NIAIHKU d�� D�6�?,C=C=hp{
6=UbNP?BM¯AP?,NI6�`;hiMpM�XL6
@ o A�NPD
69A]< o J
J
A>6=<><I6={WX � 69MihpfRhpU�?,NPhpU
}nJ�hiHKU
<ÇY©<I696n?BXLH ² 6@a;?,U
{ X � ?BJ�J
M � hiU�}$?$C o N�HE@$!Ã1ÇC=f HKU�NPD�6
{
hªS�69AI6=U�C=6qXL69N `'6=69U J
AIHBNIHKU�?,U
{�6=Mp6=C�NPAIHBU ² 69A>NP6 w j � hp6=Mp{
hiU
} ?<@ o A>NPD�6=AnA>6={ o C9NPhpHKU�HE@³X�?BCEv�}KAIH o U
{
6 ² 6=UbNP<nX � ? @s?BC9NIHKA�H�@;3B` dÊ� D�hi<ÇX�?BCEv�}KAIH o U
{�C=?BU�XL6RfÎ6@?B< o AI69{�X � <>N o { � hiU
} H o N ��HE@*��NPhpfR6$?,U
{
² 69A>NI6 w �.{
hp<IJ
Mi?BC=69{ C9HKhiU
C9hi{
69U
C=69<$?BU
{ X � ² ?BA � hpU
}GNPD�6ÊXT6=?Bf C o AIA>6=UbNWYs<IhpU
C=6ÌNID
6�?BC9C=hi{�6=UbNE?BM�AP?,NI6
² ?BAIhp6=<ÎMihpvB6ÊNPD
6ÉM o fRhpU
HK<IhªN � <%9 o ?BAI69{�a d �Z6WC=?BU NID o <q< o X�NPAI?BC9NÎNPD
6ÉC=HBU�NIAIhpX o NPhpHKU HE@Ä?BC9C=hi{�6=UbNE?BM
C=HBhiU
C9hi{
69U
C=69</@©A>HKf H o A�<Ihi}BU�?BMd`;hªNPD�HKU
M � <IMphi}KDbNIM � hiU
C9AI6@?,<IhiU�}$NID
6Ä<>NP?,NPhp<>NPhpC@?BMT6=A>AIHKA d

� #�� � 7
4.��� -2�!�6.�
 �W	�	���	54
�Z6nU
696={WNIHqv�U
H"`�NPD
6ÇNPHBNP?BM¯M o fÎhiU�HK<IhªN � NPHR6 w NPAI?BC9NgC=AIHB<I<g<>6=C�NPhiHBU
< @©A>HKf H o A]{�?,NP? d ÆuUÝ?B{
{
hªNPhpHKUOj
o U
C96=A�NE?BhpU�NIhi69<'hpUÎNID
6�H ² 6=AP?,MiML?BC=C96=J�NP?BU
C96�?BU
{ÎNPA>hi}K}K69Aö?BU
{RC o N'69ÍÎC=hp6=U
C9hi69<'69U�NI6=A�NPD
6]C=A>HK<I<'<I6=C�NPhpHKU
6=A>AIHKA dÄy�w JL6=A>hifÎ6=UbNP<�`;hªNPDWNID
6¨6 w hp<>NIhiU
}É\³V¯07kW{�69NP69C9NIHKA7<ID
H"`'6={rNPD�?�N7?BUÝH ² 69AP?BMpM!JLHKhiUbN�t�NPH�tuJLHKhiUbN
6=A>AIHKAnHE@�?BXTH o N ^8; HKU 6 w NPAI?BC9NI6={ C=A>HK<I<$<>6=C9NIhiHKU�<ÃC@?BUµXL6�?BCED
hp6 ² 69{ d �Z6�`;hiMpM o <I6L9 o ?B<>h �.69M�?B<�NPhiC
(LY 
 � 
3? �La 
 6 ² 6=UbNP<ÄY©<IC=?,NINI6=AIhpU
}¨HBS�NID
6gJ
A>HBNPHBU�a%NIHnCED
69CEvÌ?BU�{qC@?,MihiX�AP?,NI6;NID
6g<>hif o M�?,NI6={R?BC=C96=J�NP?BU
C=6 d0�<I6=C9HKU
{ < � <>NI6=fR?,NPhpC76=AIA>HKA;C=HKfÎ6=< @©A>HKf NID
6Ç?BC=C96=J�NP?BU
C96n?BU�{ 6�ÍRC9hi69U
C � HE@ÂH o A�J�AIHBNIHKU�AI6=C9HKhiM
{
6�NP6=C�NPHKA d � 6Ì?BAI6 o <IhpU
} c HKUbNI6�t�\³?,AIMiHW<Ihif o M�?,NIhiHKU�<ÇH�@�NPD
6Ê: � F'\ ?BU�{µC@?BMphiX
AI?,NPhpHKUrA o U
<¨NIHGXL6
?BX
Mp6�NPHnC=?BMiC o M�?�NP6�NPD
6 o U
C96=A>NP?BhiUbN � NPH�Mi69<I<öNPD�?BU ^8;Ìdö§ HKAöC@?BMphiX
AI?,NPhpHKU
<v`'6�?BA>6 o <>hiU
}�6 ² 6=UbNP<�`;D�hiCED
?BA>6U@ o MiM � C9HKU
<�NPAP?,hiU
69{ev�hpU
6=fR?,NPhpC@?BMpM � jTMphivB6n6=M�?,<>NPhpCn<>C@?,N>NP6=A>hiU
}�HKUÝD � {
A>HK}K6=UZ?,NÄMpH#`�XL6@?Bf 6=U
69AI} �
HKA (TY 
 � 
3? � A �]d��LaIa d ÆuU ?B{
{
hªNPhiHBUOj�NID
6Ê6 w NIAP?BC�NP6={µC9AIHK<><Ã<I69C9NPhpHKUµHKU NID
6ÊU
6 o NPA>HKUµ{
6=JL6=U�{
<ÃHKU�NPD�6hiUbNI6=}KAI?,NP69{¨J
AIHBX�?BX
hpMihpN � HE@
NPD�6�{
6 o NP69AIHKUU`�? ² 6 @ o U
C�NPhpHKUnhpU¨fRHBfR69U�N o f�<IJ
?BC=6³H ² 6=A!NID
6³?BC9C=69J�NE?BU�C=6
HE@�H o An{
6�NP69C9NPHBA dÉ� D
6 ² ?BA>h�?,NIhiHKU @©AIHKf {�hpST6=AI69UbN¨fÎhiC=A>HK<IC9HKJ
hpCÎfÎH.{
6=Mp<ÇH�@�NPD
6R{
6 o NI6=A>HKU�@©HKAÄNPD�?�N
J
A>HKX�?BX
hpMihªN � NIH�K
U
{W?ÃJ
A>HBNPHBUW?BXLH ² 6ÄH o A³NID
AI69<ID
HBMi{ÉHE@*?,XTH o N [ ` c 698�C���hi<;Mi69<I<³NID�?BUe1 ;Ìd

^�g



� D
6eC=HKf¨X�hiU
69{ o U
C=69A>NP?BhiUbN � @©AIHBf NPD�6Ý<IH o A>C=69< {
hp<IC o <I<>6={Ö<>H+@s?,AÌhi<�?BXLH o N ]8;Êd2~ H"`�6 ² 6=A9j
`'6ZC=?BUÖA>6={ o C96eNID
hi< o U�C=6=A�NE?BhpUbN � < o X
<�NE?BUbNIh�?BMpM � X � U
HKA>fq?,Mih*)9hiU
}ZH o A�AI69< o MªNP< @©HKAÊNPD
6rU
6 o NPA>HKU
<>NIA o C�N o A>6�@ o U
C�NPhpHKUUuOIK ?,N!MpH"`�Z YsD
hp}KD'"�aONPH�6 w hi<�NPhiU�}g{�?,NP? @©A>HKf�hiU
C9M o <>h ² 6'69Mi6=C�NPA>HKU¨<IC=?,NINI6=A>hiU
}�HKU
{
6 o NP69AIh o f d ÆuU�NPD
hp<;v.hpU
6=fR?,NIhiC�A>6=}KhpHKUOj�NID
6ÄC=HKA>AI6=C�NPhpHKU6@©HKA�U o C=Mp6@?BA;69ST6=C�NP<]hi<�<>fq?BMpM d!¶ HKA>fq?BMph*)9hiU
}
C@?,U
C=69Mi<¨H o N o U
C96=A�NE?BhpU�NIhi69<R@©AIHBf <>H o A>C=6=<ÃMphiv,6q?BC9C=69J�NE?BU�C=6Bjö{
6�NP69C9NPhpHKUµ69ÍÎC9hi6=U�C � j%hpUbNP6=}BAP?BM�HE@�NPD�6
{
6 o NP69AIHKU�`�? ² 6o@ o U
C9NIhiHKU `;hpNPD�hiUrNPD
6R?BC=C96=J�NP?BU
C96Bjö?BU
{eNE?BA>}K69N�{
69U
<IhªN � j*?,<R`'6=MiM�?B< § k|Æ�NPHW<>HKfÎ6
6 w NI6=UbN d �Z6q69<>NPhpfq?�NP6Ì? AI6=fR?BhpU
hiU
}�69AIAIHBAnHE@;Mp6=<I<�NPD�?BU ^8; HKU NPD�6ÌC=HKfnX
hiU
69{�69ST6=C�NP<¨{�hi<IC o <I<>6={
?BXLH ² 6 d
0g{
{�hpNPhpHKU�?BM�NPD�6=HKA>69NPhpC@?BM|6=A>AIHKA><%C=HKfÎ6�@©AIHBf {
6 ² h�?,NIhiHKU
<8@©AIHKf�NPD
6�<>hifÎJ
Mi6'<IJL6=C�NE?,NIHKA%J
hiC�N o A>6BjbMphivB6

X
A>6@?Bv�hiU�}]H�@�@s?,C9NPHBAIh*)=?,NPhpHKU$Y©Mi6=<><¯NPD�?BU$1 ; a�j�A>6=fR?BhiU�hiU
}³H,SLt�<ID
69MiMB6�S�69C9NI<³Y o J7NPH�3 ; o U
C=69A>NE?,hiUbN � a�?,U
{
K�U�?,ML<�NE?,NI6ghpU�NI6=AI?BC9NIhiHKUWY[^ ; NPH ^ ; a]Ys<>6=6�k|6=C�NPhiHBU > a d � 6]C@?,UÌ<>N o { � NPD
69<I6�69ST6=C9NI<�X � < o XL{
h ² hp{
hiU�}
H o A7{
?,NE?ÊhiUbNIHÊ<I6 ² 6=AI?BMöX
hiU
<7H�@�<>JT69C9NE?�NPHKAÄfÎHKfR69UbN o f ?BU
{e?BMi<>HÊX � C=HKfÎJ�?BA>hiU
}�`;hªNPDÝNPD�6ÎA>6=< o MpNI<
@©AIHBf y g�j�@©HKA;6 w ?BfÎJ
Mi6 d ;]<IhiU�}ÎNID
6�6 w NPAP?,JTHKMi?,NPhpHKUÊfÎ69NPD�H|{ÉH o NIMihiU�6={ÊNPH"`�?BAI{
<;NPD�6�69U
{WHE@%k|6=C�NPhpHKU
> j'`'6a`;hiMiMTXT6Ç?BX�Mi6�NPH$A>6={ o C96ÇNID
6ÄH ² 6=AI?BMiMONID
6=HBAI69NIhiC=?BMO6=A>AIHKA�NIH$NID
6ÄHKAI{�6=A�HE@*^ ;Ìd
� 6]6=<�NPhpfq?,NI6�H o AöH ² 69AP?BMpM�< � <>NI6=fR?,NPhpC o U�C=6=A�NE?BhpUbN � HKUÎNID
6]6 w NPAI?BC9NI6={qC9AIHK<><'<>6=C�NPhiHBU
<�NIH�XL6Ä1x` ;

?,N�NPD
6ÃD
hp}KD
69<>N ² ?BM o 6=<�HE@ Z dÄ¶ HKA>fq?BMph*)9hiU
}ÎH o A�{�?,NE?Ê?�N�MiH"`MZ YsD
hp}KD "�a�?,<�H o NIMihiU�6={Ý?BXLH ² 6G`;hpMiM
AI69{ o C96ÇNID�?,N;< � <�NP6=fR?,NIhiCÄ6=A>AIHKA³NIHq?BXLH o N ^ ; @©AIHBf JTHBhiUbN³NPHÎJLHKhiUbN d

Y�� b �$� cX����0J�)!"�)NI�O! H (-, u K h iX!"�#���E!#�)(*�P(*� xzy {�} ~�{'�

y�w NPAP?,C9NPhpHKU�HE@�NPD
6Ä<>NIA o C�N o A>6	@ o U
C9NIhiHKU<u K @©A>HKf NID
67fR6=?B< o AI6={ÉC=A>HK<I<]<I69C9NIhiHKU�AI6:9 o hiA>6=<;v�U
H"`;Mi6={�}K6HE@�NPD�67MiHKU
}BhpN o {
hiU�?,M�NIH¨NPAI?BU
< ² 6=A><I6ÇC=AIHB<I<;<I69C9NPhpHKU�AP?,NIhiH
jmx d%� D
hp<�6 w JT69AIhpfR69U�Ns`;hpMiMLU
HBN�XL67C@?,J�?BX
Mp6
HE@�6 w NPAI?BC9NIhiU
}ÉXTH,NPDlu K ?,U
{�x <Ihif o MpNP?BU
6=H o <IM � j�?BU
{ `;hiMpM*NPD
69AI6�@©HBAI6ÎD�? ² 6$NPHWfR?Bv,6R?,<I< o fRJ�NIhiHKU�<
@©HKA³NID
6ÄM�?,N>NP6=A d
ÆuU�NPD
6RHKU
6ÌJ�D
HBNPHBU�6 w CED�?BU�}K6�?BJ
J
A>H w hpfq?�NPhiHBUOj�NID
6qC9AIHK<><¨<I69C9NIhiHKU�@©HKA o U
JLHKMi?BAIh )=6={ZhiU
C9M o <>h ² 6

6=Mp6=C�NPAIHBU|tuU o C9Mi6=HBUZ<>C@?,N>NP6=A>hiU
}ÉC@?,U XL6Î6 w J
AI69<I<I69{ hiUÝNP69AIfÎ<ÇH�@�NPD�6RD
69MihpC=hpN � C=H o J
MihpU
}�XT6�N `�696=U�NPD�6
² hiA�N o ?BM�J
D
HBNIHKUW?,U
{�U o C=Mi69HKU ?B<

(%{
( � (�


7 y�� � {'�!Y)Z � � K a < * {�}¯YOZ � � K a � � Y�1 ] a

`;D
69AI6G{'�Z?,U
{={�} ?BAI6ÄNPD�6�J
D�HBNPH,tu?BX
<>HKAIJ�NIhiHKUÉC=A>HK<I<�<I69C9NPhpHKU
< @©HKA�J o AI69M � NPAI?BU
< ² 6=A><I6Ã?,U
{WMpHKU
}KhªN o t
{
hpU�?BM ² hpA>N o ?BM*J
D
H,NPHKU
<9j¯AI69<IJL6=C9NIh ² 6=M �Bd � hp<gNPD
6'� o w HE@�NPAI?BU
< ² 6=A><I6 ² hpA>N o ?BM!J�D
HBNPHBU
<Ç?BU
{ * hi<�NPD�6
AI69M�?,NIh ² 67MiHKU
}BhpN o {
hiU�?,M � o w jL?BU�{W?BA>6ÄXTHBNID�J o AI69M � v�hpU
6=fR?,NPhpCj@s?BC�NPHKA>< dö� D
6Ru K <>NPA o C9N o AI6a@ o U
C�NPhpHKUhi<;{
hpAI69C9NPM � J
AIHBJTHKA�NPhpHKU�?BM�NIHRNID
6�{�H o X
Mp6�{
hªS�69AI69U�NIh�?BM¯C9AIHK<><g<>6=C9NIhiHKUW?,N * y�1Kj�h d 6 d u K % {'� < {�}�j
?BU
{r?�N * � 1�NPD
6Ã6 w NIAP?BC�NPhpHKUGHE@Tu K @©A>HKf C=AIHB<I<7<I69C9NIhiHKUÝfÎ6@?B< o AI69fR69UbNP<7{
69JT69U
{
<7HKUÝXLHBNPD * ?,U
{
NPD�6ÇC9HKUbNPA>hiX o NIhiHKUÊH�@*MiHBU
}KhpN o {
hpU�?BML<>NPA>6=U
},NPD�NPHÃNPD
67NIHBNE?BM�C=AIHB<I<]<I6=C�NPhpHKU d
Æ�N]C@?BUÉXT6Ä6=?B<IhpM � <ID
H"`;U NID�?,N

u K % (%{
( � (�


7 - 1 < x
1 < * x � Y�1"rba

`;D
69AI6�x$Y)Z � � K a � {�}�~3{'� dR� H 69<>NIhifR?,NP6¨NID
6R<>6=U
<>hpNIh ² hpN � H�@�6 w NIAP?BC�NPhpU
}=u K @©A>HKf l : ¶ ;gkrC9AIHK<><<I69C9NIhiHKU$fÎ6@?B< o AI69fR69U�NI<ö?,Nö?7XL6@?Bf�6=U
69AI} � HE@�1K1]5Ä6�8Q`�6 o NPhiMph*)96 y 9 o ?,NPhpHKUÊ1"r7?BU�{$NID
6;:Ä1"r�rK` � gK^!�
K
N�NIHÊXTH,NPDÝJ
A>HBNPHKUG?BU
{Ý{
6 o NP69AIHKUrfÎ6@?B< o AI69fR69U�NI<7HE@Tx hiUWNID
6 z Æ�k d �Z6¨U
H,NP6nNID�?,NÄ?ÌJLHKA>NIhiHKU HE@
NPD�6q:Ä1"r�rK`�{�?,NP?É<>69N�hiU
C9M o {�6={ v�hpU
6=fR?,NPhpC=<ÄH ² 69AIM�?,J
J
hiU�}<`;hªNPDrNPD
6ÎJ
AIHBJTHK<>6={ l : ¶ ;�k z Æ�krfÎ6@?�t
< o AI6=fÎ6=UbNI<q?BU�{ hpU
{
hiC=?,NP69<¨NPD�?�NLx @©HKA¨NID
6�{
6 o NI6=A>HKU#hp<¨NPD
6�<P?,fR6É?B<Lx @©HKA¨NPD
6ÉJ
A>HBNPHKU `;hªNPD
hpU

^ [



NPD�6 o U
C96=A�NE?BhpU�NIhi69< d�� D
6¨JL6=A>C=69U�Ng{
hpST6=A>6=U
C96nHE@�u K 6 w NPAP?,C9NP69{ @©AIHKf C9AIHK<><g<>6=C9NIhiHKU�<gfÎ6@?B< o AI69fR69U�NI<
o NIhiMih )=hpU
}n:Ä1"r�rB`¨?BU
{ÌNID
6�6=<�NPhpfq?,NI6={ o U�C=6=A�NE?BhpUbN � hiURNPD
6�K
NÄY[:Ä1"r�rK` < {�:Ä1"r�rK`Ka�hi<'<ID
H"`;UÉhiU § hi},t
o A>6¨3|1a@©HKA;6=Mp6=C�NPAIHBU
<g{
6�NP69C9NP69{GhiUW\³V¯07kÉ?,N�?,U
}KMi69<;HE@ö3B`|jT^B`�j�?BU
{ > `Î{�6=}KA>6=6=<9jO?BU�{�@©HKA " ��1�� ]
57698 d Æ�N7hp<�HKX�<I6=A ² 69{eNID�?,NgNID
6¨? ² 6=AP?,}K6ÃJT69AIC96=UbN7{
hªS�69AI6=U�C=6¨hpUWNPD
hp<gv�hiU�6=fR?,NPhpCÇAI?BU
}K6nhi<]Mi6=<><gNPD
?BU
3 ; ?BU
{Ý<>hi}KU
h K�C@?,U�NIM � <>fq?BMpMi69Ag?,NgNPD
6¨Mi?BAI}B6=<>N Z ² ?,M o 69<7?BU
{ÝfÎHK<>N @©HKA `�?BA>{r?BU
}KMp6=<=j*`;D
6=A>6 * % 1
?BU
{�NPD�6ÇC9AIHK<><;<I6=C�NPhpHKU fÎ6@?,< o A>6=fÎ6=UbNP<]?BA>6Ç{�hiAI69C9NIM � J�AIHKJLHKA>NIhiHKU
?BMTNIH�u K d� D
hiMp6�J
AI69C=hp<IhiHBUÎfÎ6@?,< o A>6=fÎ6=UbNP<öHE@dx_hpU¨NPD
6;AI69<IHKU
?BU
C=6]AI69}KhiHBUR?,AI6�C o AIAI69UbNPM � Mi?BCEv�hiU
}�@©HBA%XTHBNID
J
A>HBNPHKU ?BU
{#{�6 o NI6=AIHBU NE?BA>}K69NI<Ì?,NRD
hi}BD
6=A � K j³NID
6=A>6GU
H"` 6 w hp<>NÌJ�AI6=C9hi<>hiHKU fÎ6@?,< o A>6=fÎ6=UbNP<L@©AIHKf
~ ?,MiM%\�HKUGNID
6ÃJ
AIH,NPHKU @©HKA � K � >�d ^ 57698 K ~�� K � g > �[j¯?BU�{ @©HBAgNPD
6�K
AI<>N7NIhifÎ6n{ o ?BMihªN � hp<�HKX
<>6=A ² 6={
hiU XLHBNID NPD
6GMpHKU
}KhªN o {�hiU�?BM]?BU�{ NPAP?,U
< ² 6=AI<>6Z<�NPA o C9N o AI6 Ys?BU
{ D
6=U�C=6ÝhiU|xÄa d ÆuU_?,{
{
hpNIhiHKU NPH�NPD�6
J
A>HBNPHKUÎAI69<IHKU
?BU
C=6�AI69}KhiHKUÎ{�?,NP?�j.?ÇJ�AIHK}KAI?Bf � g ^ j�g�g ��hi<ö<I6�N'NIH K�U�hi<IDR{�?,NP?ÄNP?Bv�hiU
}ÇhiU ~ ?,MiML\ { o AIhiU�}
6@?,AIM � 3,`K` [ `;D�hiCED=`;hpMiM¯J
A>H ² hp{
6nJ
A>6=C9hi<IhpHKUW<>6=J�?,AP?,NIhiHKU
<�HE@*NID
6nMpHKU
}KhªN o {
hpU�?BM¯?,U
{ NIAP?BU
< ² 69AI<I6ÃC9AIHK<><
<I69C9NIhiHKU
<�@©HKA'NID
6g{�6 o NI6=AIHBUÌhiUq?nv�hiU
69fq?,NIhiC;AI69}KhiHBUqC=HBfRJ
Mp6=fÎ6=UbNE?,A � NPHÇNPD
6�J
AIH,NPHKUÌfÎ6@?,< o A>6=fÎ6=UbNP< d
§ o NPD�6=AIfÎHKA>6BjLhpN�hi<]6 w JT69C9NI6={ÝNPD�?�NgNPD�6nC=HBU�NIhiU o 69{Ý{
6 ² 6=MiHBJ
fR69UbN7HE@%}KMpHKX�?BM K
NI<�NIHqNPD
6�J
AIH,NPHKUÝ?,U
{
{
6 o NP69AIHKURMiHKU
}BhpN o {
hiU�?,M�?BU�{RNPAI?BU
< ² 6=A><I6�C=AIHB<I<�<I6=C�NPhpHKU
<�C=H o Mp{ @ o A>NID
6=A�AI69{ o C=6;NPD�6 o U�C=6=A�NE?BhpUbNPhi69<öHKU
6 w NIAP?BC�NPhiU�}�u K @©A>HKf NID
6ÄJ
AIHKJLHK<>6={ÉC=AIHB<I<;<I69C9NPhpHKUÉfR6=?B< o A>6=fÎ6=UbNP<]hiUÌNID
6ÄAI69<IHKU�?,U
C=6ÇAI69}KhiHKU d

x

F
2(

R
19

90
) 

/ F
2(

R
19

90
+

dR
19

90
) 

- 
1 

(p
er

ce
nt

)

§ hp} o AI6�3|1 � F�6=AIC96=UbNö{
hªS�69AI6=U�C=6�XL69N `'6=69ULu K 6 w NIAP?BC�NP6={U@©A>HKf l : ¶ ;gk�C=A>HK<I<!<I6=C�NPhpHKU¨fÎ6@?B< o AI69fR69U�NI<
o NIhiMih )=hpU
}eNID
6Ý:Ä1"r�rK`ZJ�?BAP?,fR6�NP6=A>h*)=?,NPhpHKU#?,U
{ NPD
6Ý69<>NIhifR?,NP69{ o U
C96=A>NP?BhiUbN � hiU#NID
6 K
NeYs:Ç1Jr�rK` <
{�:Ä1"r�rK`Ka d

^ ]



� #�� ��� An��
���� ) � 
¯
���	��%
 7
�Z6RJ
A>HKJLHK<I6ÎNPHÉC=HKMpMi6=C�N�^ ^ {�? � <ÊYº1x`K` ; 6�ÍÎC=hi69U
C � aÄHE@³{�?�NE? HBU {
6 o NP69AIh o f `;hªNPD 1K1Ê57698 XL6@?Bf
?BU
{Ì?BU
HBNID
6=A ^ {�? � <³HKURD � {�AIHK}K69U�@©HKA�C@?BMphiX
AI?,NPhpHKUÃJ o A>JTHK<>6=< d k.HKfR6]HE@ONID
6gD � {
A>HK}K6=UÊ{
?,NE?ÄNE?Bv�hiU�}
<ID�H o Mi{ZXT6RC@?BA>AIhp6={ H o NR`;hªNPD ? MiH"` 69U
6=A>} � XT6=?Bf HE@71 �e3 d 3W57698 6=Mi69C9NIAIHKU
< d � D�6Ì^K`ÉC=f MiHKU�}
NE?,AI}K6�N$K
MiMi69{ `;hpNPD [|d_^ ?�NPf {
6 o NP69AIh o f }b?B<�?,N�AIH.HKfÑNI6=fÎJT69AP?,N o AI6]?BU
{ÎNPD
6Ç1x`K`ÄU
0 6=Mp6=C�NPAIHBUqXL6@?Bf
`;hiMpM � hi69Mi{É?ÃC=HKfnX
hiU
69{ M o fÎhiU
HK<>hpN � HE@!?BXLH o N ^ - 1x`*c9c]C=fhd K <�dfe d

: o A�<Ihpf o Mi?,NPhpHKU�<ID
H"`;<�NPD
?,N o U�{
6=AgNID
6=<>6ÃC=HKU�{
hpNIhiHKU
<9j*`'6G`;hpMiM�C=HKMpMi69C9Ng?RNPHBNP?BM�HE@�K ² 6nfRhpMiMihpHKU
6 ² 6=UbNP</`;hpNIDÊC=HKhpU
C=hp{
6=UbN;{
6�NP69C9NPhpHKU�HE@�AI69C=HKhpM�J
A>HBNPHKU�<�XT69MiH"`Ñ1@`K` c 698�C���?BU�{ ?,XTH ² 6Ã1B1x` � AI69M�?,NIh ² 6
NPH7NID
6 � ² 6=C�NPHKA�Y�8�ÆºF%<Ea%?,N;1K1]57698 dK� D
6]? ² 69AP?B}K6;<>JT69C9NE?�NPHKA%Mphi}KDbN*C9HKU
6s@©AP?,C9NPhpHKUU`;hiMpM|XL6 � y�1��½`�g d
�Z6R`;hiMpM�C=H ² 69AÄ?RAP?,U
}K6nhpU " � @©AIHBf NPD
6¨69M�?B<�NPhpC�JL6@?BvÊNIHÊ?BXLH o N " � y > � ^ 5Ä6�8 ?BU
{ � K @©A>HKf 1
NPH�1 > 57698 K ~�� K d
ÆuU
<Ihp{
6ÊH o A¨?BC=C96=J�NP?BU
C=66`'6Ê6 w JL6=C9N$NIHGC=HKMpMi69C9N¨hpU ^ ^ {�? � <ÃHE@]A o U�U
hiU
}G?WNPHBNP?BM�HE@�^ ] fRhpMiMihpHKU

6 ² 6=UbNP<9j'H�@ `;D�hiCED ^�1ÌfÎhiMpMihpHKUrAI6=fR?BhpU�?�@�NI6=A¨C o NINIhiU
}G6 ² 69U�NI< `;hpNPD " � $ 3G5Ä6�8 dÂ� D
6Ê6 w JL6=C9NI6={
AI69< o MªNP<]?BA>6ÄNP?BX o Mi?,NP69{�hiU � ?BX
Mi6�3 d
ÆuU § hi} d 3B3|j�`'67<ID�H#` NID
6�v�hiU
69fq?�NPhiC]AP?,U
}K6ghpU � K ?BU
{oZ�NPHB}K69NID
6=A�`;hªNPDÊ?�C o N�HE@ " $_3¨57698 d

§ hp} o AI6�3K3 �%� D
67v�hpU
6=fR?,NPhpCgAI?BU
}K6�hpU�� K ?BU�{�ZWC9H ² 6=A>6={ÉX � NPD
hp<³6 w JL6=A>hifÎ6=UbN@j o <IhiU�}¨NPD
6Ç\³V¯07kL143
?BC9C=6=J|NE?BU
C96 d�� D
6ÇMihiU�6�C=HKA>AI69J
<IHKU�{
<]NIH " yÖ3$57698 d

^�r



� D
6=<>6ÄU
6�`�1K1Ä57698 {�?,NE? `;hiMiML?BMpMiH"` o <'NPHÃ6 w J�?,U
{Ê< o X�<>NE?,U�NIh�?BMpM � NPD�6�AP?BU�}K6�hiULZ � H ² 6=A�`;D�hiCED
NPD�6ÃU
6 o NIAIHKUe<>NIA o C�N o A>6 @ o U
C9NIhiHKU uOIK hi<gv.U�H#`;U `;hpNIDr}KH|H.{Ý<>NP?,NPhp<>NIhiC@?,M!J
A>6=C=hp<IhpHKUr?BU
{ `;hpNIDÝ<IfR?BMiMNPD�6=HKA>69NPhpC@?BM o U
C=69A>NP?BhiUbNPhp6=< d
§ hi} d 3,^q<ID
H"`;<�NID
6¨<>NP?,NPhp<>NIhiC@?,M�J�AI6=C9hi<>hiHKU<`�6ÃC=?BUÝ?BCED
hp6 ² 6U@©HKA]NID
6¨AI?,NPhpH�uOIK ~Eu +K ?B<g?�@ o U
C�NPhpHKU

HE@�Z � d � D
6 C o A ² 69<�?,NRNID
6WXLHBN>NPHKf HE@gNPD
6 }KAP?BJ�D#C=MpHK<I6ÉNPHeNPD
6<Z��|? w hi<ÎhiU
{�hiC@?�NP6�H o AR6=<>NIhifR?,NP6
HE@'NPD
6$< � <�NP6=fR?,NIhiCÎ6=AIA>HKA dÎ� D
6 o J
JL6=AÇC o A ² 6R<ID
H"`;<�NID
6$NPHBNP?BM*< � <�NP6=fR?,NIhiCÎ6=AIA>HKA=jD@©A>HKf NPD�6RC9HKf$t
X
hpU
6={R6 w JT69AIhpfR69U�NP?BMÂY[?BC9C=69J�NE?BU�C=6Bj�69ÍÎC=hp6=U
C � j�6 ² 69U�N³AI6=C9HKU
<�NPA o C9NPhpHKUOj|M o fÎhiU
HB<IhpN � a*?BU�{RNPD�6=HKA>69NPhpC@?BM
Ys{�6 o NI6=AIHBU `³? ² 6U@ o U
C9NIhiHKUOjTHBS�tu<ID�6=MiM�?BU�{�K�U�?BM�<>NP?,NP6¨hpUbNP6=AI?BC9NIhiHKU 69ST6=C�NP<Ea o U
C=69A>NP?BhiUbNPhp6=< d7l'� U
HKA�t
fR?BMih )=hiU�}ÎH o A�{
?,NE?RNIHqNPD�6R`'6=MiMÏtuv�U
H"`;U Ys?BU
{ o U
?Bf¨X
hp} o H o <Pa]{�?�NE?q?�N�MiH"`zZ�jf`�6¨C=?BUG6 w NIAP?BC�N�NPD�6
D
hp}KD��2Z XT69D�? ² hiHKA `;hªNPDÉf o CEDÉ<IfR?BMiMp6=A o U
C=69A>NE?,hiUbN � hiU
{�hiC@?�NP6={ÊX � NID
6ÄMiH"`�69A;C o A ² 6 d
� D
6ÉD
hi}KD�6=<>NÎJLHKhiUbNÎhiU Z � `;D
hiCED hi<$<>NIhiMpM³hiUµNPD�6É{�6=6=J hiU
69M�?B<�NPhpCÊAI6=}BhiHKU " � $ 3Z57698 hi<$?�N

Z � y `�� [ g�j�C9Mi6=?BAIM � hpUÊ?ÃAI6=}BhiHKUo`;D�6=AI6 ² ?BMp6=U
C96�9 o ?BAIv�<;?BA>67{
HKfÎhiU�?BUbN³?BU
{�6 w hi<�NPhpU
}¨{�?,NP?ÃXT69}KhiUqNIH
XL6=C=HBfR6 o U
C=69A>NP?BhiUGXL6=C=? o <>6¨HE@öU o C=Mp6@?BA�69ST6=C�NP< d�� D
6¨J
A>6=<>6=UbN o J
JL6=A�MihifÎhpN;hpU�Z � hp<�XL6=MpH#`�` d g d Æ @
`'6R6 w NI6=U
{ZNPD
69<I6Î{�?,NE?ÊNPHÉhiU�C=M o {
6 " � $ 1�� ] 57698¨jX`'6qC=?BUZ?B{
{eHKU
6ÎfRHKA>6ÃJTHBhiUbNÇhiU Z � y `�� ] 1
?BU
{�?,Mi<IHÃ<>hi}KU�h K�C=?BUbNPM � hpfRJ
A>H ² 6gNID
6�<>NP?,NPhp<>NIhiC@?,M�6=A>AIHKA�HKU�Z � y_`�� [ g d*� D
hp<�hi<�<>D
H"`;U hpU § hp} d 3,^¨X �
NPD�6nHKJL6=U < 9 o ?BA>6=<7{�?,NP?RJLHKhiUbNI< d 0³NgNID
6=<>6¨D
hp}KD ² ?BM o 6=<�HE@ � K YsXL69N `'6=69U gq?BU�{�143q57698 K C�� K a]?,U
{
" � jOhªNghp<�MihpvB6=M � NPD�?�N7{ o ?BMphpN � hp<7? ² 69A � }KH|H.{Ý?BJ�J
AIH w hifR?,NPhpHKU ?BU
{ `'6ÃC@?BUÝhpU�NI6=A>J
AI6�N7H o A�A>6=< o MpNI<
{
hpAI6=C�NPM � hiUÉNP6=A>fR<]HE@ÂNPD
6�AP?,NIhiHÎHE@ (�~!& ² ?BMp6=U
C96 9 o ?,AIv�{
hi<�NPA>hiX o NIhiHKU�< d :j@%C9H o AI<>6Bj-`�6 `;hiMpM¯XT6n?BX
Mi6
NPHÃNI6=<>N]{ o ?BMihªN � o J�NPH Z y_`�� [ H ² 69A]NID
6	`;D
HKMp67AP?BU
}B6ÇH�@ � K ?,U
{ " � o <>hiU
}$H o A;H"`;UÉ{�?,NE? d
\�Mi6=?BAIM � j�NPD
6�D
hi}KDRJ
AI69C=hp<IhiHBUq{�?,NP?�<>69N³hpU
{
hpC@?,NI6={qhpU § hp} d 3B^a`;hiMiM�?,MiMiH"` ?nC=HKfÎJ
A>6=D
69U
<Ih ² 6�<�N o { �

HE@ÂNPD
6	Zr?BU�{ � K {
69JT69U
{
69U
C=6�HE@!NID
6�<�NPA o C9N o AI6a@ o U
C�NPhiHBU=uOIK hiUÊNPD�6 ² ?BMp6=U
C96�A>6=}KhpHKUOj'@©HBA;NID
6�K�AI<�NNPhpfR6 o U
C=MpH o {
69{ X � o U�C=6=A�NE?BhpUbNPhi69< @©AIHKf U o C=Mi6=?BA;X
hiU�{
hiU
}Ã6�S�69C9NI< d
� D
6Î<P?BfÎ6Ã{�?,NP? ?BA>6Ã<ID
H"`;U ?B<7NPD
6 (�~!& AI?,NPhpHÊhiU § hp} d 3 > j¯U
HBNÄNE?Bv�hpU
}ÊNPD
6$< � <�NP6=fR?,NIhiC$6=A>AIHKA><

hiUbNIHR?,C=C=H o UbN d
� D
6n{
?,NE? `�6�J
M�?BU�NPHRC=HKMpMi69C9Ns`;hiMpM�?BMi<>Hq?,MiMiH"`5@©HKA 9 o ?BAIv��.D�?,{
AIHKUW{ o ?BMphpN � <�N o {
hp6=<]hiU�NPD
6�U
6 o t

NPA>HKU¨A>6=<IHBU�?BU
C96]A>6=}KhpHKUR`;hªNPD ² 6=A � }KH.H|{�J
AI69C=hi<>hiHKU d%c 6=?B< o A>6=fÎ6=UbNP<öhpUnNPD
6�AI6=<>HKU�?BU�C=6�AI69}KhiHBUG`;D
6=A>6
C@?,AIAIhp6={ÉH o N]X � 6 w JL6=AIhpfR69UbN y `K^�tu`�143Ã?BU
{ ?BA>6�XL6=hpU
}Î?BU�?BM � )96={ d�� D
6�6 w JT69C9NP69{Ý?BC9C o AI?BC � hi<;hpMiM o <�t
NPAI?,NP69{rhiU § hi} d 3 ^ j¯<ID
H"`;hiU�}É<I?BfÎJ
Mi6ÃU
6 o NPA>HKU u K <>NIA o C�N o A>6 @ o U
C9NIhiHKUr<IJL6=C�NPAI? ?,N7NID
AI696 ² ?BM o 69<7HE@
� K j!?B<Ç?6@ o U
C�NPhiHBUZHE@'NPD
6 ¶ ?,CED�NIfq?,U
U <>C@?BMphiU
} ² ?BAIhi?BX
Mp6���y 33Zf~ � 1 < � 1 <+> � K Z K ~�� K � d k.hiU
C96
U
HÎJ
AI69C=hp<I6ÄU
6 o NPAIHBU A>6=<IHBU�?BU
C96ÇNIAP?BU
<>hpNIhiHKU�fÎH|{
69MO6 w hp<>NP< � 69N@j�`'6n?,C9N o ?BMiM � J
MpHBN�NPD�6ÇA>6=< o MpNI<]H�@!NPD�6
6 w hp<>NPhpU
}rJ
AIH,NPHKU AI69<IHKU�?,U
C=6 fRH.{
6=M[j�?,N � K y 1 d `�jg1 d_] j'?BU
{#^ d `Z57698 K Y�NPHKJ NPHrXLHBNINIHKfÌa d � D
6
{�?B<>D
6={ C o A ² 6�hi<s@©AIHKf ?ÎJ�?,AP?BfÎ69NI6=AIh )@?,NIhiHKUÊH�@*{
696=JWhpU
6=Mi?B<>NIhiC7J
A>HBNPHBU <�NPA o C9N o AI6R@ o U
C9NIhiHKU�{�?,NP?R?�N
� K y 1@`R57698 K d
0gMªNPD
H o }KDqNPD�67U
6 o NIAIHKUÊA>6=<>HKU�?BU
C967<>NIA o C�N o A>6�@ o U
C9NIhiHKUÌ?BU
{Ê{
696=J�hiU
69M�?B<�NPhpC�<�NPA o C9N o AI6�@ o U
C�NPhpHKU

{�?,NP?Ê?BU
{ÝJ�?,AP?BfÎ69NI6=AIh )@?,NIhiHKU�< `;hpMiM�HKX ² hiH o <>M � {
hpST6=A @©AIHKf NPD�6¨J
AIH,NPHKUOjf`�6ÃXL6=Mphi6 ² 6�NID
hi<�hp<�?Ì}KH.H.{
6 w ?BfÎJ
Mp6�HE@%NID
6nJLHBNI6=UbNPhi?BM 9 o ?,MihpN � H�@%NPD
6�U
6 o NIAIHKUW{�?,NE?q?,NINP?BhiU�?,X
Mi6	`;hpNID l : ¶ ;gk dL� D
hi<�6 w JT69AIhÏt
fÎ6=UbN�`;hiMpM�6 w NP69U
{eNID
6'� K AP?BU�}K6Ã?BU
{r?,{
{Ý<>NP?,NPhp<>NPhpC=<]NPHÌNPD�6¨6 w hi<�NPhpU
} l : ¶ ;gkWfR6=?B< o AI6=fÎ6=UbN�@©HBA
" � 3G57698 ?,<G`�69MiM�?B<¨J
A>H ² hp{
6Ê?GfÎHKAI6RJ
AI69C=hi<>6 z Æ�k <>NIA o C�N o A>6�@ o U
C�NPhiHBU u IK NPHÝC9HKfÎJ�?BAI6ÎNPH d� D
hp<�hi<�hpU
{
hpC@?,NI6={GX � NID
6¨<>D�?B{
69{eX
?BU
{
<7hpUGNPD
6¨MpH"`�69A�J�?BU
69M*HE@ § hp} d 3 ^ <ID�H#`;hpU
}ÊNPD
6n<>NE?�NPhi<�NPhpC@?BM
?BU
{É< � <�NP6=fR?,NIhiC76=A>AIHKA><s@©HKA³NPD
6ÄhpU
{
hiC=?,NP69{�C o A ² 6�?,N-� K y 1x`Î57698 K ~�� K d
§ hiU
?BMiM � j�`'6�`;hiMiM�?,Mi<IHnXT6g?BX
Mi6;NPHnC=HKUbNPA>hiX o NP6gNIHnNPD
6 `�HBAIMi{ �½<³{
?,NE?Ç<I69N³HKUÌ6=Mi?B<>NIhiC]U
6 o NPAIHBU�@©HKAIf

@s?BC�NPHKA>< dÎ� D
6R6 w JT69C9NP69{�<>NP?,NPhp<>NIhiC@?,M%?BU
{e< � <>NI6=fR?,NPhpC$6=AIA>HKAI<a@©HKA76=?BCED fÎ6@?B< o AI69{ � K ?�N�" y � I?BA>6ÌMihp<>NP69{µhiU � ?BX
Mp6G1 de� D
6Ê< � <�NP6=fR?,NIhiCÌ69AIAIHBAI<U`;hiMpM'XL6ÌHE@]HKA>{
6=AUg ;ÌdZ� D
6ÊJ�AI6=<>6=UbNÎ{�?,NP?=@©AIHKf
y r > tu`�1 [ 6 w NI6=U
{µNIH � K y ^ 5Ä6�8 K ~�� K `;hpNIDµ?G<>NP?,NPhp<>NPhpC@?BM�6=A>AIHKAnHE@�?BXTH o NÃ` d ` > ^ hiU�NPD�6ÌD
hi}BD
6=<�N

> `



0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
x*

F2
n / F2

p

→SU(6)

➘

d/u = 1/5

➚
d/u = 0

§ hp} o AI6Ì3B^ � :�?�NPhiH uHIK ~Eu +K ² 6=A>< o < Z � @©HKA¨<>JT69C9NP?,NPHKAnv.hpU
6=fR?,NIhiC=<n?BU
{ " � $ 3Ý57698 d!� D
6 K�MpMi69{
C=hpAIC9Mi6n{
?,NE?ÌJLHKhiUbNI<ghiU�{
hiC=?,NP6ÇNPD
6Ã6 w JL6=C�NP69{eA>6=< o MpNI<7HE@%NPD
6ÃJ�AIHKJLHK<I69{Ý6 w JL6=AIhpfR69UbN�`;hpNIDÝ<>NE?�NPhi<�NPhpC@?BM
6=A>AIHKA'X�?BA>< d*� D
6gHKJT69UÌ< 9 o ?,AI6=<�{�?,NE?�JTHKhpUbNP<�<ID
H"` NPD
6�hifÎJ
AIH ² 6=fÎ6=UbN�H�@¯NPD
6�<>NE?�NPhi<�NPhpC@?BM�69AIAIHBAT@©HKA'?
AI69M�? w 69{ÎC o NöHE@	" � $ 1 d ] 57698 Y�NPD
6³N `'HÄMiH"`'6=AvZ � JTHKhpUbNP<ö?BA>6�<ID
h @�NP6={Ã<>Mihp}KDbNPM � NPH"`�?BAI{�<�D�hi}KD
69A�Z � a d
� D
6 o U
{
6=A>M � hiU�}�C=HKMpH o A>6={¨C o A ² 6=<�?BAI6'{ o ?BMphpN � X�?B<>6={ÃfÎH|{�6=M.C@?BMpC o Mi?,NPhpHKU
<D@©HKA!{�hpST6=AI69UbN%<IC96=U�?BA>hiHK<ÂHE@
k';nY�gbaö< � fRfÎ69NIA � X
AI6=?Bv�hiU
}R@©AIHKf � 1 ] � d%� D
67U�?Bh ² 6�k';¨Y$gba�J
A>6={
hpC9NIhiHKUo@©HBA�NID
6jZ � % 1�hp<�hiU�{
hiC=?,NP69{
HKUGNID
6ÃHKAI{�hiU�?,NI6 dÇ� D
6$C o A ² 69<�?�N�NPD
6ÃXLHBN>NPHKf HE@�NPD
6�K
} o AI6ÃhpU
{
hpC@?,NI6nNPD
6Ã69<>NIhifR?,NP69{Ý< � <>NI6=fR?,NPhpC
6=A>AIHKA d*� D
6 o J
JL6=A�C o A ² 6�NP?BvB69<³C=HKfnX
hiU
69<�NID
6]6 w JT69AIhpfR69U�NP?BML?BU
{ÎNPD
69HKAI6�NPhiC=?BM o U
C96=A>NP?BhiUbNIhi6=<9j�`;D�hiMi6
NPD�6�MpH#`'6=A�C o A ² 6gAI6=J�AI6=<>6=UbNP<'NPD
6]< � <>NI6=fR?,NPhpC�69AIA>HKA'69<>NIhifR?,NP6;{ o 6;NPHÇ6 w JL6=A>hifÎ6=UbNE?BML?BU�{RNPD�6=HKA>69NPhpC@?BM
o U
C96=A�NE?BhpU�NIhi69</@©HBA³NPD
6ÄJLHKhiUbN>tÅNPH,t�JTHBhiUbN�69AIA>HKA]?�@�NP69A�U
HKAIfR?BMph*)@?�NPhiHBUÌ?,N;MpH#` Z d

> 1



0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
x*

d / u

➘
SU(6)

➘
d/u = 1/5

➘
d/u = 0

§ hp} o AI6n3 > � :�?,NIhiH$HE@ (�~!&�9 o ?,AIv�< ² 69AI< o <�Z � C=HBU ² 6=A�NP6={ @©A>HKf NPD
6�{�?,NP?RJLHKhiUbNP<]<ID�H#`;UÝhpU § hp} d 3B^ d
� D
6G<>D�?B{
69{ X�?BU
{ hpU
{
hiC=?,NP69<ÎNID
6GJ
A>6=<>6=UbN o U
C96=A>NP?BhiUbN � hiU#6 w NPAP?,C9NPhpU
} NID
6�(�~!& AP?,NIhiH @©AIHKf NPD�6
6 w hp<>NPhpU
}${�?,NP? d

> 3



0

0.1

0.2

0.3

0.4

0

0.1

0.2

0.3

0.4

0

0.1

0.2

0.3

0.4

F
2

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
ξ

statistical
systematic

§ hp} o AI6q3 ^�� k|?BfRJ�Mi6ÎU
6 o NIAIHKU�u K <>NIA o C�N o A>6o@ o U
C�NPhpHKU�<IJL6=C�NPAI?G?,N'� K y 1 d `�j�1 d ] ?BU�{µ^ d `G57698 K j
J
MpHBNINI6={Ý?B<�?o@ o U
C9NIhiHKUÝH�@%NPD
6 ¶ ?BCEDbNPfR?BU
Ur<IC=?BMihpU
} ² ?BA>h�?BX�Mi6 � d7� D
hp<�}KAP?,J
DÝ<ID
H"`;<7NPD�6¨6 w JL6=C9NI6={
?BC9C o AI?BC � ?�@�NI6=A'?BU�?BM � )9hiU
}ÄNPD�6g{�?,NP?ÇNP?BvB69UÌX �qy `K^4tº`�143 d k|hpU
C=6;NPD
6�U
6 o NPAIHBUÌ<>NIA o C�N o A>6 @ o U
C�NPhpHKUqhpU
NPD�6nAI69<IHKU
?BU
C=6�AI69}KhiHKU hi< o U
v�U
H"`;UOjTNPD
6ÇC o A ² 69<7{
6=J
hpC9Ng?RJ�?,AP?BfÎ69NI6=AIh )@?,NIhiHKU�HE@*J
AIHBNIHKUWA>6=<>HKU�?BU
C96
AI69}KhiHBUZ{�?�NE?�Y©<IHKMphi{rC o A ² 6@an?BU
{eNPD
6 ¶�c \ K
NnH�@�{
6=69J�hiU�6=M�?,<>NPhpCÃ<>NIA o C�N o A>6o@ o U
C�NPhiHBUZ{�?�NE?W?�N � K
y 1x`Ê57698 K Ys{�?B<>D
6={rC o A ² 6xa dÄ� D
6n<>NE?�NPhi<�NPhpC@?BM o U
C96=A>NP?BhiUbN � hi<�<>fq?,MiMi69A�NPD�?BUGNID
6¨< � fnXTHKMp<=j�?BU
{Ghp<
N � J
hiC=?BMiM � ` d g ; jT1 ; j|?BU
{Ì34tº^ ; j.?,N � K yÑ1 d `�j�1 d_] j�?BU�{Ì^ d `n57698 K j|A>6=<>JT69C9NPh ² 69M �Kd%� D�6g6=A>AIHKA�X�?BU�{
<
HKUÌNID
6#� K y�^Ã5Ä6�8 K ~�� K J�?BU�6=MOhpU
{
hiC=?,NP6]NPD
6gJ
AI69C=hi<>hiHKUÌNIHG`;D
hpCED�NID
6 z Æ�kou IK <�NPA o C9N o AI6�@ o U
C�NPhpHKU`;hiMpM�XL6ÄfR6=?B< o A>6={ÉX � NPD
6ÄJ
A>6=<I69UbNgJ
A>HKJLHK<P?BM d

> ^



� K t�AP?BU
}B6 CÉY[5Ä6�8 C��9a K ¶ H d HE@ y*² 69U�NI< :]69M d k.NP?,N döy A>A d
3 d ` ��3 d ^ > 3|1 ^ ` d `�1 ^
3 d ^ �Ê^ d ` ^K^K^K^ ` d `�1 [
^ d ` �Ê^ d ^ 1 ]%[ ` ` d `b3B^
^ d ^ � >
d ` 1x`K`K` ` d `K^b3
>�d ` � >
d ^ ^�[ ` ` d ` > 3
>�d ^ � ^|d ` ^�g ^ ` d ` ^ 3
^.d ` �6g d ` ^ ^�^ ` d ` ^ ^
g d ` � [|d ` 1 ^ ` ` d ` ] 3
[.d ` �6r d ` ] g ` d 1x` ]

� ?BX
Mi6�1 �öy�w JT69C9NP69{�AI6=Mi?,NPh ² 6�<>NE?�NPhi<�NPhpC@?BML6=A>AIHKA�@©HBA'NPD�6�fR6=?B< o AI6=fÎ6=UbN�H�@¯NPD
6�U�HKAIfR?BMih )=69{qfR?B}KU
6�NPhiC
@©HKA>f @s?BC�NPHKA�HE@ÂNPD
6ÄU
6 o NPA>HKU d

� K tuX
hpU d � 6ÇC@?BU U
HKA>fq?BMph*)96�H o A;AI69< o MªNP<�?,N]<IfR?BMiM � K j�`;D
69AI6Ç}KH.H|{�J
A>6=C=hp<IhpHKU {
?,NE?Î?BAI6Ç? ² ?BhiMi?BX
Mp6Bj
?BU
{ÊC=?BUÊ6 w NIAP?BC�N³NPD
6g6=M�?,<>NPhpC�C9AIHK<><�<I69C9NPhpHKU�`;hpNIDÌ}KH.H|{q?BC=C o AP?,C � ?�N�NPD�6�D
hi}BD
6=A � K j�`;D
6=A>6�`�67C=?BU
C=HBfRJ�?,AI6ÃH o A7A>6=< o MpNa`;hpNID y r > tº`�1 [ o JeNIH�� K y ^ 57698 K ~!� K ?BU
{e6 w NI6=U
{eNPD
6 � K AI?BU
}K6$XL6 � HKU
{
Ys<>6=6 � ?BX d 1xa d%� D
hp< `;hiMiMT?BMpMiH"` o <³NPHÃ{�69NP69AIfÎhiU
6�NPD
6Ä?BX�<IHKM o NP67fR?B}KU
hªN o {�6gHE@�NPD�6�@©HKAIf @s?BC9NIHKA � I �
`;hpNIDÉ?$Mi?BAI}B6=M � hiU
{�6=JL6=U
{
69UbN�fÎ69NID
H.{ d

� #�� 0 A�&�	�� ) � � ��4 46.���. ' .��5.º� 4 ����	 ����� � � � �
� hpNIDe?�fÎH.{
6=<�NÄhiU ² 69<>NPfÎ6=UbN�hiUbNPH o J�}KAP?B{�6=<ÄHE@�NPD
6$6 w hp<>NPhpU
}É: � F�\�HKA7X � A>6=J
Mi?BC=hpU
}ÌNPD
6Î: � F�\
`;hpNID ?rU
6�` HBU
6Bj�`;D�hiMi6�v,6=6=J�hiU
} NID
6ÉAI6@?,{
H o Nq6=Mi69C9NIAIHKU
hpC=<$HKAR?B{
{
hpU
}e<IHKfÎ6 A>6@?B{�H o NRCED�?BU
U
69Mi<9j
NPD�6Ã6 w JT69AIhpfR69U�NÄJ�AIHKJLHK<I69{ZD�6=AI6$C9H o Mi{ÝXL6ÃhifÎJ
A>H ² 6={ d k|6 ² 6=AP?,M%HE@'NID
6=<>6$hifÎJ
AIH ² 69fR69UbNP<7C=H o Mi{rXL6
K�U�?,U
C=69{RX � H o NP<>hi{
6³}BAP?BUbNP<*NIH7XT6�HBX�NE?BhpU
6={ÃX � o U
h ² 6=A><IhpN � }KAIH o J
<%hiU ² HKM ² 6={ `;hpNID¨NPD
6�6 w JL6=A>hifÎ6=UbN d
� D
67U
69C=6=<><P?BA � ?BU
{�?BXLH ² 67fÎ6=UbNPhpHKU
69{ÊhiU
C9AI6@?,<I6�hpUÊAI6@?,{
H o N�<>JT696={�X � o J�}KAP?B{�hiU
}nNID
67AI6=?B{
H o N

C=HBU�NIAIHKMpMi69A o U
hpNÃY[:�\ ;ga]hiUbNI6=AIU
?BM�<IHE@�N `�?BAI6ÊY K�A>fG`³?,AI6xa;hi<]6 w JL6=C9NI6={ÝNPHq?BC9N o ?BMpM �Ê� hi69Mi{WfÎHKA>6�HE@%?BU
hifÎJ
A>H ² 6=fÎ6=UbN*NID�?BU¨NPD�6³hiU
C9AI6=?B<I6�NIHÃ1�v ~ ) d ÆuU¨NPD
6³J�AI6=<>6=UbN�AI6=?B{
H o N*<ICED
69fR6,jKNPD
6³NIAIhi}B}K6=A�J
AIH ² hi{�6={
X � NID
6;\³V¯07kÇ{
69NI6=C9NIHKA*hpU
hpNIh�?,NI6=<¯NPD
6'NPAP?,U
< @©69A!HE@�NID
6�J
A>HKJL6=AIM � NPhifÎ6={n: � F�\�6 ² 69UbN;1K1 d 3 �O<>6=C³MpHKU
} d
:�U
M � ?�@�NI6=AgNID
6ÃC=HKfÎJ
Mp69NP6�NPAP?,U
< @©69A7HE@öNPD�?,N�6 ² 69UbNÇNIHÊNPD
6Î\³V¯07k z 0 \ ?,U
{rAI6@?,{
H o N7H�@�?,MiM!H,NPD
69A
\³V¯07kW{
6�NP69C9NPHBA�C=HKfÎJLHKU
6=UbNI<�C@?BUG?qU
6�`�NPA>hi}K}B6=A]XT6�hi<I< o 6={ d7� D
6¨U
6 ` K
AIfG`�?BAI6R`;hiMiM�XL6Ã?BX
Mp6ÇNIH
o <>6ÇNID
6ÄAIhiU�}ÎX o S�69A;HE@!69hi}KDbN]6 ² 6=UbNP<g? ² ?,hiM�?,X
Mi6�HKUÉNID
6	@©AIHKUbN�tu6=U�{ A>6@?B{
H o N]C@?BA>{
< d ÆuUÉNID
hi<�fÎH.{
67HE@
X o ST6=A>6={ÃA>6@?B{
H o N%HKJL6=AI?,NPhpHKUOj�U
6�` NPA>hi}K}B6=AI<ÂC@?BUnXT6³hp<I< o 6={¨XL6�@©HBAI6�?BUn6 ² 69UbNöhi<!A>6@?B{nH o N*C9HKfÎJ
Mi6�NP6=M �Kd
� D
hp< `;hpMiM
A>6={ o C=6]M�?BA>}K6=M � HKAö69MihifÎhiU
?,NP6'C=HKfÎJ
Mi6�NP69M � NID
6;{
6@?,{ÎNIhifÎ6�HE@TNID
6]: � F�\ AI6=?B{
H o N�?,U
{L`;hpMiM
hiU�C=AI6=?B<I67NID
6ÄH ² 6=AI?BMiM¯A>6@?B{
H o N;AP?,NI6	@©AIHKf NPD
6ÄJ
A>6=<I69UbN ^ `B` ~ )7NPHR?BXTH ² 6Î1Äv ~ ) d
� D
6�:�\ ;�J�AI6=<>6=UbNPM � o <I69{OjT?ÎMi?BXTHBAP?,NIHKA �Î² 69AI<IhpHKUWH�@ÂNID
6�0gV¯Æ�\ y � F'\ AI6@?,{
H o N]C=HBU�NIAIHKMpMi69A=j
hp<

?BX
Mp6�NPH7C9HKUbNPA>HKMO1 > @©AIHBU�N�tu69U
{ÃC@?BA>{
<�?BU
{$C=HBfRf o U
hiC=?,NP6�?BU
{ÃNPAI?BU
< @©69A%{�?,NP? ² hi?7?BUL;�U
h ² 69AI<P?,MLk|6=A>h�?BM
l o <�Y�;�k l 3 d `ba¯NIHgNPD�6�C=AI?,NP6'C=HKUbNIAIHKMpMi6=A d 0+@ o A>NID
6=AÂhiU
C9AI6=?B<I6'hiUnA>6@?B{�H o N*<>JT696={ÃfR? � XL6�JLHK<><IhiX�Mi6�X �
< `;hªNPCED
hpU
}$0�V¯Æ�\ y �½<;fR?BhiUqAI6@?,{
H o N;C9HKUbNPAIHBMO< � <>NI6=fÉj o <IhpU
}Î?¨C=69U�NIAP?BM�:³\ ; `;hpNPD�<>6=J�?BAI?,NP6�NIAIhp}K}K6=A
?BU
{RHKJ�NIhiC@?,M�{�?,NE?ÄNPAI?BU
< @©69A'C9HKUbNPA>HKMTC=?BAI{�< d%� D
hp<'< � <�NP69f hp<'U
H,N o <>hiU
}�?�C9HKfÎfR69AIC=hi?BM
<�NE?BU
{
?BAI{Ê?,U
{
@©6@?�N o A>6=<�F�\�Æ�X�?B<I69{ÊAI69C=6=h ² 69A�C@?BA>{
< döl 69<Ihp{
6=<;?nfÎH.{
6=<�N³hiU ² 6=<>NIfR69UbN;HE@�Mi69<I<�NID�?BUÝ1x`�j½`K`K`R;�k z @©HBA
NPD�67J o AICED
?B<I6ÄHE@�NPD
69<I67A>6@?B{
H o N;XTHK?BAI{
<9j�?¨U
6 ` hifÎJ
Mp6=fÎ6=UbNE?,NIhiHKUÎhiUbNIH¨NPD
6Ç\³V¯07kÊAI6=?B{
H o N `;hiMpM�XL6
U
69C=6=<><P?BA � j-`;D
hiCED `;hiMpM�XL6 o J
}KAI?B{
6={ @©HKA³NID
6ÄU
6�`�\³V¯0�kT143Ã{
69NI6=C9NIHKA d

>�>



0gURhiU
C9AI6@?,<I6]hiUÎM o fÎhiU
HB<IhpN � X � hiU
C9AI6@?,<IhiU�}ÄNID
6]Mi6=U�}BNPDÎHE@�NID
6;NE?BA>}K69N�}b?B<�C=69MiM `'H o Mp{qAI69{ o C96�NPD�6
{�?,NP?qNE?Bv�hpU
}qNPhpfR6,jf`;D
hpMi6¨v,6=69J
hiU
}ÊNID
6Ã6 ² 6=UbNÄNPHÊX�?BCEv�}KA>H o U
{rAI?,NPhpHÌC=HKU�<>NE?,U�N d 0�{�H o X
Mp6={GNE?,AI}K6�N
}b?B<;C96=MiMD`;hpMiM¯?BJ�J
AIH w hifR?,NP69M � {
H o X
Mp67NPD
6Ä{�?,NP?ÎAI?,NP6 d 0�MiHKU�}K6=A³NP?BAI}K6�N]}b?B<;C=69MiMD`�H o Mi{ÉAI6:9 o hiAI6ÄNPD�6
{
69<Ihi}BU¨?BU
{�C=HKU�<>NPA o C9NIhiHKU�HE@�?]MiHKU�}K6=A�: � F�\ d 0gUnhpU
C=A>6@?B<>6=<ÂAP?BU
}B6'HE@
?BU
} o M�?BA�X�?BCEv%`�?BAI{n<IC@?�NINP69AIhpU
}
?BU
Mp}K6=<gHE@öNPD
6Ã<>JT69C9NE?�NPHKA7J
A>HBNPHBU
<j`'H o Mi{rXL6Ã?ÌX � J
AIH.{ o C�N d¨� HÊU
HBN7MpH|HB<I6¨JLHK<IhªNPhpHKU YsfÎHKfÎ6=UbN o fÌa
AI69<IHKM o NPhpHKUOj�?B{
{
hªNPhiHBU�?BM�A>6@?B{�H o N]CED�?BU
U�6=Mi<s`'H o Mp{ U
696={�NPHÎXT67J o AICED�?,<I6={ d
� HÉhifÎJ
A>H ² 6¨NPD
6ÃfÎHKfÎ6=UbN o f AI69<IHKM o NPhpHKUÝHE@�NPD
6$<>JT69C9NE?�NPHKA7J
A>HBNPHBU
<	`�6$<>N o {
hp6={rNPD
6Ã6�S�69C9NÇHE@

hiU�C=AI6=?B<IhpU
}7NPD
6;AI?B{
h�?,M
{
AIh @�N%AI69}KhiHBU @©A>HKf NID
6]J
AI69<I6=UbN�^7C=f�NPH gÄC=f d!� D
6]<P?,fR6;: � F�\ <>hif o M�?,NIhiHKU
?B< o <I69{ @©HKAÃNPD�6 <>JT69C9NE?�NPHKAÎJ
AIH,NPHKU ?BC=C96=J�NP?BU
C96W<>N o {
hp6=<�`�?B<Î6=fÎJ
MiH � 6={ ?,U
{ � hi69Mi{
69{#?eAI69M�?,NIh ² 6
hifÎJ
A>H ² 6=fÎ6=UbN;HE@ ^ ` ;Ìd

>2^



� �  � � 	�� � 	G��� � ��	 � � ��� � � ���L ��
8�

�Z6ÝJ
AIHKJLHK<>6GNPHµfÎ6@?B< o AI6GNID
6Ý<>NIA o C�N o A>6 @ o U
C9NIhiHKU|uOIK HE@ÄNPD�6ÝU
6 o NIAIHKU X � <>C@?,N>NP69AIhiU�} 1B1e5Ä6�86=Mp6=C�NPAIHBU
<!HBSR?g{�6 o NI6=AIh o f�}b?B<�NE?BA>}K69N!?BU
{n{
69NI6=C9NIhiU
}�NPD
6'<IC@?�NINP69AI69{Ã6=Mi69C9NIAIHKUn?BU
{¨A>6=C=HBhiMihpU
};J
AIH,NPHKU d
l'� <>6=Mp6=C9NIhiU
} ² 6=A � X
?BCEv%`³?BA>{�<IC=?,NINI6=A>hiU
}É?BU
}BMi6=<Ä?,U
{ ² 6=A � MiH"`ÑA>6=C9HKhiM%fÎHKfÎ6=UbNE?o@©HKA�NID
6$J
AIH,NPHKUOj
<IC=?,NINI6=A>hiU
}Î6 ² 6=UbNP<�HKUW?,MifÎHK<>N @©A>6=6ÄU
6 o NPA>HKU
<]C@?BUÉXT6Ä<>6=Mi69C9NI6={ d'� D
hi<;hi<;J�?,A>NPhpC o Mi?BAIM � hifÎJTHKA�NE?BUbN;?�N
D
hp}KD6Z
t l q>HKA>vB69U<`;D
69AI6 § 6=AIfÎhOfÎHBNPhpHKUÌ6�S�69C9NP<]hiU�hpU
C=M o <Ih ² 67fÎ6@?B< o AI69fR69U�NI<g?,AI67< o X
<>NP?BUbNPh�?,M d
§ HKARNID
6G{
6�NP6=C�NPhpHKU HE@ÄNPD
6WAI6=C9HKhiM]J
A>HBNPHKU�<o`�6ÝJ�AIHKJLHK<I6 NPH�hpU
<>NP?BMiM;NPD
6W6 w hi<�NPhiU�}�AP?B{�h�?BM�NPhpfR6

J
A>H3q>6=C�NPhiHBURCED�?,f¨XT69A�?BU
{$NE?BA>}K69N�}b?B<%C96=MpM�?B<I<>6=f¨X
M � `;D
hiCEDÎD�?B<öXL6=69Uq< o C=C=69<I< @ o MiM � o <I69{q{ o A>hiU
}ÄNPD�6
l : ¶ ;gkÎ6 w JL6=A>hifÎ6=UbN y `K^�tº`|143 d!� D�6g: � F�\ C=?BUq{�69NP69C9N'J
AIH,NPHKUÎAI69C=HKhpM�fRHKfÎ6=UbNP?Ä{�H#`;UÎNPH�?ÇMpH"`�69A
MihpfRhªN�H�@ [ ` c 6�8 C��j`;D
hpMi67XL6=hpU
}$hiU
<>6=U
<>hpNPh ² 67NPH$fÎhiU
hpf o f hiHKU�h*)=hpU
}¨J�?,A>NPhpC=Mp6=< d �Z6	`�H o Mi{ o <I6ÄNPD�6
o J
}BAP?B{
69{G\³V¯0�kT143U@©HKA `�?BAI{É<IJL6=C�NPA>HKfR6�NP69A d
� D
6g{�6=6=J.tuhiU�6=M�?,<>NPhpC�<>C@?,N>NP69AIhiU�}n{�?,NP?�j�" � $ 3 � 
��Îj|6 w NI6=U
{RNPHRZ � ?B<�D
hp}KDR?B<�`�� ] j|?BMpMiH"`;hiU
}�@©HBA

?BU�6 w NIAP?BC�NPhiHBU HE@�NPD�6ÇAI?,NPhpH u IK ~Eu +K d\�HKfÎJ�?BAIhpU
}nNID
6Ä{�?,NE?G@©A>HKf2NPD
67{
696=JÉhiU
69M�?B<�NPhpCgAI69}KhiHBUÊ6 w NP69U
{
6={ÉNPHÃMi?BAI}K69ATZ�`;hpNPDÌNID
HK<>6�@©AIHKf
NPD�6�A>6=<IHBU�?BU
C96�AI69}KhiHKU�j�`�6�C@?BUqNI6=<�N�{ o ?BMihªN � @©HKA%NPD
6�U
6 o NPAIHBU d%� D
6]J
AI69<I6=UbN�J�AIHKJLHK<P?,M-`;hpMiM
hpU
C=A>6@?B<>6
NPD�6,� K AP?BU�}K6�hiU¨NID
6�AI69<IHKU�?,U
C=6;AI69}KhiHBUÃC=H ² 69AI6={R<IH	@s?BA*X � 6 w JT69AIhifÎ6=UbN y `K^�tu`�143�?BU�{ÎJ�AIH ² hi{
6�fÎHKAI6
<>NP?,NPhp<>NIhiC=< d
� 6�AI6:9 o 6=<�N%^ ^ {�? � <�HE@�1K1³57698 XL6@?Bf o <>hiU
}�?;{
6 o NI6=A>h o f�}b?,<�NP?BAI}K6�N d 0g<�{
6=fÎHKU
<�NPAI?,NP69{nhiUÄNPD�6

J
A>6 ² hiH o <�<>6=C9NIhiHKU�j�NID
hi</`;hiMpM¯?BMpMiH"` o <]NIHqC=HBMiMi69C9N;D
hp}KDÉJ
AI69C=hi<>hiHKUÉ{�?,NP?RHKU�NPD�6�U
6 o NPA>HKUOj-`;hpNID }KH.H.{
<>NP?,NPhp<>NIhiC=<9j�A>6=<IHBM o NIhiHKUq?BU
{Êv�hiU
69fq?�NPhiC]C=H ² 6=AP?,}K6Bj�?,U
{�`;hpNIDÌfRhpU
hifR?BM o U�C=6=A�NE?BhpUbNPhi69<�{ o 6�NPH¨U o C9Mi6@?,A
X
hpU
{
hiU�}Ç6�S�69C9NI< d%� D
6�XT6=?BfÑNPhpfR6�A>6�9 o 69<>N�`�?B<�HKJ�NIhifÎh*)=69{¨NPHÇ} o ?BAI?BUbNP696]NID�?,NöNPD
6]fÎ6@?B< o AI69fR69U�N�hp<
U
HBN'<>NP?,NPhp<>NIhiC=<ºtuMphifÎhpNP69{ d ÆuUÊ?B{
{�hpNPhpHKUOjKNID
6g<�NE?,NIhi<>NIhiC=?BM�6=A>AIHKA><�Mihp<>NI6={ÎhiURNID
6gJ�AI6 ² hpH o <�<>6=C�NPhiHBUÌ?B<>< o fÎ6
NPD
?,N¨NPD�6�`;D
HKMi6q{�?,NE?G<>69N @©HKAn<IJL6=C9NP?,NPHBAÃfRHKfÎ6=UbNP?�@©AIHKf [ `WNIHµ1x`K` c 6�8 C,C�`;hpMiM�XL6ÌhpU�NI6=}KAI?,NP69{
H ² 69A dÃ§ HKA�fÎHK<�N7X
hiU�<=j�NID
6Ã<>NP?,NPhp<>NPhpC@?BMÂJ
AI69C=hp<IhiHBU `;hiMiM�XL6Ã}KH|H.{Ý6=U�H o }KDÝNPH�?,MiMiH"` o <�NIH�<>N o { � NPD�6
{
69JT69U
{
6=U�C=6$HE@%NPD�6¨6 w NPAI?BC9NI6={r<>NIA o C�N o A>6G@ o U
C�NPhpHKU
<�HKU NPD
6¨<>JT69C9NP?,NPHKA ² ?,AIh�?,X
Mi69<¨Y©fRHKfÎ6=UbN o f � A j
Mihp}KDbN�C=HBU
6	@©AP?BC�NPhiHBU�� ?,U
{É?BU
}KMp67AI6=Mi?,NPh ² 6�NIH$NID
6 � ² 6=C�NPHKAPa d
ÆuUq?,{
{
hpNIhiHKU�NPH�NPD�6�^ ^ {�? � <öHE@T{�?,NP?gNE?Bv�hpU
}ÄHKUÃ{
6 o NP6=A>h o f `�6;AI6:9 o hiA>6;^Ä{
? � <öHE@�1K1�57698 XL6@?Bf

?BU
{µ1n{�? � HE@;1�t;3 d 3Ê5Ä6�8�XL6@?Bf o <IhpU
}�?qD � {
AIHB}K6=UÝNE?,AI}K6�Nj@©HKA�C=HKfÎfRhp<I<>hiHKU
hpU
}R?BU
{ÝC@?,MihiX�AP?,NIhiHKU
J o A>JTHB<I6=<9jL?BU
{e1ÇfÎHKA>67{�? � HKU ?BU�6=fÎJ�N � NE?,AI}K6�Ns@©HKA�X�?BCEv�}KA>H o U
{ <>N o {
hi69< d
§ hiU
?BMiM � j'`'6nA>6�9 o 6=<�N�A>6=<IH o AIC96=<j@©A>HKf QKV�?BXÉNIHq< o J
JLHKA>N]NPD
6ÇhiU�<>NE?,MiM�?�NPhiHBU�?BU
{WhpUbNP6=}BAP?,NIhiHKU�hiUbNIH

\³V¯07kT1x3$HE@�NPD�6�: � F'\ AI69C=HKhpMO{
69NI6=C�NPHKA d �Z6Ç?BMi<>HÃAI6�9 o 69<>N�< o J�JTHKA�N]HE@%QKV�?BXÉ<>NP?,SGNIHR< o J
JLHKA>N;NPD�6
hiUbNI6=}KAI?,NPhpHKURH�@�NPD�6�: � F�\#AI6=?B{
H o N³hiUbNIHÇNID
6gU
6 `_\³V¯07kT143Ç{�?,NE?�?BC�9 o hp<IhªNPhiHBUR<>HE@�N `³?,AI6 d ;]<IhpU
}nH o A
J
A>6 ² hiH o <R6 w JL6=A>hi69U
C=6 HKX�NE?,hiU
69{ { o AIhiU�}ehpU
<>NP?BMiMi?,NPhpHKU�HE@g6 w JL6=AIhpfR69UbN y `K^�tu`�143=`'6W6=<�NPhpfq?,NI6ÌNPD�?�N
N `'HG`�696=v�<�HE@¯<>69N o JqNPhpfR6;hpURNPD�6 ~ ?,MiM `;hiMpM�XT6�U
6=69{
6={�@©HBA'hpU
<>NP?BMiMi?,NPhpHKU$?BU
{R{
6=C9HKfRhp<I<>hiHKU
hpU
}ÇHE@ONPD�6
NE?,AI}K6�N �.{
6�NP69C9NPHBA]< � <>NP69f j�hpU
C=M o {
hpU
}ÃCED
6=CEvKt�H o N `;hpNPD�H o N]XT6=?Bf d
ÆuU NIHBNE?,MÅjv`'6ÉA>6�9 o 69<>N > `Ý{�? � <$HE@�U
6 ` XL6@?Bf NIhifÎ6ÌhiU ~ ?BMiM l @©HBAnNPD
6�J
A>HK}KAI?Bf HE@]U
6 o NPA>HKU

<>NIA o C�N o A>6�fÎ6@?,< o A>6=fÎ6=UbNP<;{
69<IC=A>hiXL6={ hiUÌNPD�hi<;J
AIHBJTHK<I?BMÅj o <IhpU
}$NPD
6ÄU
6 `�\³V¯07kT1x3${
6�NP69C9NPHBA d

> g



� ������� ����� �	


� 1��n5 dÂz H.{
}K6Bj � � � � �ij���� ��� � � � � � ��������� ��� ���
	 � 		� �
� ��� ��� ��� ������� 	 � � ���
��� � � �
��� 	 ��� � � ����� �Bj
QKV�?BX y `B^�tº`�1x3¨FöA>HKJLHK<P?BMONIHÎFT0]\�3B^ YÅ3B`B`K^ba d

� 3 ��: d F d�§ 6 � U�fq?BU�j���� 	 � 	 ��� � ��� 	 ����� � � ��� � � �
	 � ��Y l 69U3qI?BfÎhiUOj�:;6@?,{
hiU
}�j c ?B<I<I?BCED o <I6�NINI<=j¯1"r [ 3Ka �
§�d½y;d \�MpHK<I6,j*F%D � < d V�6�NIN d SUbf9 j > 3K3eY�1"r [ ^ba � ¶ o C9M d F%D � < d S���t j!3Eg�rZY�1"r [ ^ba � : d½z¨d \³?BA>MihpN )Bj
F%D � < d V¯6�NIN d S F�� j�^ >%^ Yº1"r [�^ a � ¶Çd Æu<I} o A=j�F%D � < d :;6 ²Ld�z F�� j�`B^ > `�1x^�Yº1"r�r�rKa d

� ^!�Ç0 d½z¨dÂc ?BA>NIhiUOj!: d 5 d :;HKXL6=A>NI<=j�� d Q d k.NPhpAIMihpU
}É?BU
{µ: d k dÂ� D�HKAIU
6,j y o A d F%D � < d Q d \ �%b j³1x^B^
YÅ3B`B`K`ba � ~Çd V d V�?Bh[j � � � � �ij y o A d F%D � < d Q d \ ��A j.^ [E^ Y[3B`K`K`Ka � cZd 57M mo CEv�j y�d :;6 � ?Ç?BU
{Î0 d 8öHK}BN@j
y o A d F%D � < d Q d \ F j > g|1qYº1"r�r ] a d

� > �n5 d : d�§ ?BAIAI?BA�?BU
{ z¨d : d QK?,CEv.<>HKUOjLF%D � < d :]6 ²Td V¯6�NIN d 9-F j¯1 > 1Jg Yº1"r [�^ a d
�?^ �nk d�� o D
Mpfq?,U
UOj � � � � �ij�F%D � < d V�6�NIN d�l b � Y jL3Er�1ÎYÅ3,`K`K`ba d
� g!��V d � d � D
hªNPMiH"`Äj � � � � �ij.F%D � < d V�6�NIN d|l A��*A j >2[�^ Y�1"rErb3Ka � 0 d|l H|{
69v�j
k d.z ?B< o ?,U
{Êk d½y�d :]H.CEv�j
hiU � o C=<>HKUGFÂ?BA>N d�¶ o C9M d F%D � < d j [ g ] Y�1"r�r|14a�j
k�V¯0]\�tºF ; l t ^�^ r ]|d

�?[ �Ä� d�c 69MiU
hªNPCED
H o vÊ?BU
{É0 d � d�� D
HKfR?B<=j�F%D � < d V¯69N>N d S 9 �-� j�1K1RY�1"r�rEgba d
� ] �Ä� d�c 69MiU
hªNPCED
H o vÊ?BU
{WQ d \ d F�6=U
}�jTF%D � < d V¯69N>N d SUb*t-t j�3K3B`ÉY�1"rEr [ a d
� r!��V d V db§ AP?,U
v%@ o A>N�?BU�{ ced Æ d k.NIAIhpv.fR?BUOj ¶ o C=M d F%D � < d S A*F�t j�1 ^E]�^ Y�1"r ]�^ a � F%D � < d :]69J d ��Y�t j|3B^ ^
Y�1"r ]�] a d

� 1x`!�ÇÆ d�¶ hiC o Mi69<IC o j � �
� � �ij!F%D � < d :]6 ²Td V¯69N>N d �-F j'1K1 ] geY[3B`K`K`ba � Æ d�¶ hpC o Mp6=<IC o j � � � � �ij*F%D � < d :]6 ²Ld
V¯69NIN d �-F j�1K1 ] 3�YÅ3B`K`B`ba � : d�y U�N=jT\ d»y�dT� 69J
JL6=M�?BU
{ÉÆ dL¶ hiC o Mi69<IC o jLFöD � < d :;6 ²LdLz Y-A j�` [ ^K`K` ]
YÅ3B`B`K`ba � k d V�h o NPh[j%: d%y U�N=j'\ d»y�dö� 6=J
JL6=M³?BU
{µÆ d%¶ hiC o Mi6=<>C o j�F%D � < d :]6 ²Ld V¯69NIN d ��� j;1"gb3B`K`|1
YÅ3B`B`b3Ka �

� 1K1��nQ d 0gA>AIhiU�}BNPHKU�jLQ d \�AIH"`;{
6=A9j�: d�y UbN@j�\ d»y�dL� 6=J
JL6=M�?BU
{ÉÆ dL¶ hpC o Mp6=<IC o j�� � 	 � � � ����� � ��		� �
� ��� ���
��� � ��� 	 ����� 	 � �
� � � � � � � � ����� 		�"! ���$# 	 � �&%(')'*%bj ^�^ `ÎYÅ3B`B`b3Ka � Q d 0gA>AIhpU
}BNPHBUOj � � � � �|F%D � < d :]6 ²Ld
\ Y b j�`�1 > gK`b3ÊYÅ3,`K`�14a d

� 143 �Ç0 d 0�hiAI?BJT6�NPhi?BUOj � � � � ��Y ~gy : cWy kW\�HKMpM�?BXLHKAI?,NPhpHKU�a�j.F%D � < d :]6 ²Td V¯6�NIN d ��t j�`�rK3B`K`b3ÊY[3B`K`K^ba �
� 1x^!� ¶�d Æu<I} o A=j�k d QB6=<>CED
HKU
U
69v�j�� dBc 69MiU
hªNPCED
H o vn?BU�{$Q d � d 8�?BU :�AI{�6=UOjbF%D � < d :;6 ²LdBz Y*F jB` ^�> `K` ^
YÅ3B`B`�14a � k d QB69<ICED
HBU
U
6=v#?BU
{#Q d � d 8�?BU :�AI{
69UOj;F%D � < d :;6 ²Ld'z Y-F j�`�r > `B^ ] YÅ3B`K`K3Ka � 8 d 8 d
z ? ² hp{
H ² <Iv � ?,U
{ lgd 8 d k.NPA o fRhpU
<Iv � jKD
6=J.tuJ
D C,`b3B` ^ 1@^K` � 5 d :;hiC9C=H
j cZd 0�U
}KD
hpU
HKM K¯j ced :;hiJ�?BU�hÅj
k d k|hpf o Mi?Ã?BU
{ cZd�� ?Bh o NIhÅj�F%D � < d :;6 ²Ld \ F � j�^ ^ gÉY�1Jr�r ] a d

� 1 > � §�d½y;d \�MiHK<>6�?,U
{ ¶Çd Æu<I} o A=jLF%D � < d V�6�NIN d�l F�t+� j ] 1RYÅ3B`B`�14a d
� 1 ^ �Ä� d�c 69MiU
hªNPCED
H o vLj�: d�y UbNg?,U
{G\ d½y�d�� 6=J
JL6=M[j�FöD � < d :;6=JLHKA>N b*t*Y j¯143 [ YÅ3,`K` ^ a d
� 1"g!�Ç0 d.z 6�: o q o Mi?�j ~�d 5Ä69HKAI}BhT?,U
{ ~�d½z¨d FÂHKMphpN )=6=A9j|0�U
U d F%D � < d �2tf9 j|^�1 ^ Y�1"r [E[ a � ~�d 5Ä69HKAI}BhT?,U
{
~�d½z¨d FÂHBMihpN )=69A=j�F%D � < d :]6 ²Ld�z �%b j¯1 ] 3ErÉYº1"r [ gba d

>2[



� 1 [ � y�d»z¨d�l MiH.HKf ?,U
{ §'d Q d 57hiMpfq?BU�j|F%D � < d :]6 ²Ld�z b j�3ErB`�1RY�1"r [ `ba d
� 1 ] � §�d½y;d \�MiHK<>6�?,U
{É� d�c 6=MpU
hpNICED
H o v�j�F%D � < d :;6 ²Ld \ Y+� j�`K^ ^ 3|1x`�Y[3B`K`K^ba d
� 1"r!�Ä� d�l A>H|HKv�<9j � � � � �ijLQKV�?BX y r > tu`�1 [ j�`s`s` d q>Mi?BX d HKAI} C�6 w J J
AIHB} C,J
A>HKJTHB<P?BMp< CEr > CBFö: r > tº`�1 [.d JL{'@
� 3B`!�nQ d»z¨d V�?,CED
U
hi6�N@j����������
	��	� �
� ��������� �	������� ��� ������������� ��� ��� ���!�"�#� �$��� �"��� �%�&�����'� � ���(�"�)� ����� �

��� �+*�,-�/.10 �"� � �"�(���9j z hi<><I6=A�NE?,NIhiHKU�j�\³?BA>U
6=}Khp6 c 6=MpMiHKU ;]U
h ² 6=AI<>hpN � Y[3B`K` ^ a d
� 3|1��nQ d»z¨d k o MiMph ² ?BUOj|F%D � < d :;6 ²Ld�z F j¯1 [ ^b3ÊYº1"r [ 3Ka d
� 3K3 �Ç0 d
� D�HKfq?,<=j�F%D � < d V�6�NIN d�l ��A-Y j�r [ Y�1"r ] ^ba d
� 3B^!��F d 0�fq? o {
A o )Bj � � � � �]Y ¶gc \�a�j�F%D � < d :;6 ²Ld V¯69N>N d Y-Y j³3 [ 143 Y�1"rEr�14a � F d 0gfR? o {�A o ),j � � � � �
Y ¶gc \�a�j�F%D � < d :]6 ²LdTz F�t j�:Ç1RYº1"r�r > a d

� 3 > � �Ãd 5ÄH,NIN @©A>hi69{Oj
F%D � < d :]6 ²Td V¯6�NIN d � � jO1K1 [�> Y�1"r�g [ a d
� 3 ^ �Ç0 d�l ?BMi{
hªN@j � � � � �ij�F%D � < d V¯69NIN d�l 9*9-A jL3 >�> Yº1"r�r > a d
� 3Eg!� y�d 0 d�~ ?J`;vB69A=j � � � � ��Y y ] gEgR\�HBMiM�?,XTHKAI?,NPhpHKU�a�j�F%D � < d :]6 ²Ld V�6�NIN d �-t j�^ [ 1 ^ Y�1"rEr ] a d
� 3 [ �nQ d \ d F�6=U
}�j � � � � �ÂY y ] g�gÎ\�HKMpM�?BXLHKAP?�NPhiHBU�a�j.F%D � < d :]6 ²TdLz F�� j
`�rb3B`K` > Y�1"r�r ] a d
� 3 ] ��: d k d
� H"`�69MiM[j � � � � ��Y y ] g�gÎ\�HKMpM�?BXLHKAI?,NPhpHKU�a�j.F%D � < d :]6 ²LdTz Y b j�` ^ 3B`B`b3�YÅ3B`K`|14a d
� 3Er!� �Ãd 0gv,6=AI<�NE?,SÂj � � � � ��Y ~�y : cWy k \�HKMiMi?BXTHBAP?,NIhiHKU�a�j.FöD � < d V¯69N>N d�l bfY�b jO1x3B^ÉY�1"r�rErba d
� ^K`!�nk d�� o fR?BU
H
j
FöD � < d :;6=J d 9�t*9 j¯1 ] ^ÉY�1Jr�r ] a d
� ^�1��nQ d F d k|JL69NPD ?BU
{�0 d � d�� D
HBfq?B<9j�0g{ ²Ld�¶ o C=M d FöD � < d A b j ] ^ÉY�1"rEr ] a d
� ^b3 �n5 d¡�7d 5Ä?BA ² 6 � ?BU�{WQ d \ d FÂ69U
}
j�F%AIHK} d F!?BA�N d�¶ o C=M d FöD � < d b � jL3B`K^ÉYÅ3,`K`�14a d
� ^K^!�n\ d 0g{
MpHBSÂj � � � � �!Y ~ 1�\�HKMiMi?BXTHBAP?,NIhiHKU�a�j y o A d F%D � < d Q d � Y j ^E]�[ Yº1"r�r�rKa d
� ^ > ��F d»cZd�� hiU
}�j � � � � �ijLQB69ST6=AI<>HKU V�?,XWV¯69N>NP69A]H�@!ÆuUbNP69UbN�V�:�ÆÅtº` ^ tº`K`�1BjOY[3B`K` > a d
� ^ ^ �ÇÆ d : d 0 @©U�?BUOj � � � � �ij�F%D � < d V¯6�NIN d
l b �-9 j�^�gÉYÅ3B`K`B`ba d
� ^�g!��V d V d�§ AP?,U
v%@ o A>N]?BU�{ cZd Æ d k.NIAIhiv�fR?BUOj�F%D � < d :;6=J d � Y jL3|1 [ Y�1Jr ] 14a d
� ^ [ �n\ d \�hiH K�{
6=}KMphO0³NINIh¯?BU
{ k d k|hif o M�?�j|F%D � < d V¯6�NIN d S 9I� � j�3B^ÉYº1"r�rK^ba � § 6�`³t l H.{ � k � <�NP6=fÎ< � � j

^�^ Yº1"r�r ^ a � k d k|hif o M�?�jTF%D � < d V¯69NIN d S 9�� � j¯3 >2^ Y�1"r�rEgba � § 6 `³t l H.{ � k � <>NI6=fÎ<Çk o J
J
M d � j > gEg
Y�1"rEr ^ a d

� ^ ] �Ä� d�c 69MiU
hªNPCED
H o vLj ced k�?BAI}B<Ih�?,U ?,U
{ ced Æ d k.NIAIhpv.fR?BUOj �!d F%D � < d32 9-F�� j-r�rÉY�1"rEr [ a d
� ^�r!�nk|6=6Ä6 d } d : d F d�l hpCEvB6=A><>NP?,Se?BU
{É0 d � d�� D
HKfR?B<=j�Q d FöD � < d 5 ��F jO1 ^ 3,^ Yº1"r ] rKa d
� > `!�Ä� d�c 6=MpU
hpNICED
H o v�j,0 d � d k|CED�AI6=hpXT69A!?,U
{n0 d � d4� D
HKfR?B<9jBF%D � < d V¯6�NIN d S 9-9-F j|1K1gY�1Jr�r > a � F%D � < d
:]6 ²Ld�z b � jO1K1 ] ^ Yº1"r�r > a d

>%]



� > 1��n5 d½z¨d
l HK< ² 6=Mi{�jL0 d»y�d V d�z hi6=JL6=A>hiU
vR?BU
{É0 d 5 d
� 69U
U
69A=jLF%D � < d :;6 ²Ld \ b � jL3B^ [ r�Y�1"r�r > a d
� > 3 � §�d 5ÄA>HK<I<�?BU
{Ék d V¯h o NIhÅj|FöD � < d :]6 ²Td \ bdF jT1x^ [�> Y�1"r�rK3Ka � k d V¯h o NPhT?BU
{ §'d 57AIHK<><=j�FöD � < d V¯6�NIN d

S 9-F*Y jO1 ^�[ Y�1"r�r ^ a d
� > ^!�nk d 0 d
� o Mi?B}KhpUOj|5 d F%hiMiMp6=A'?BU
{Ì� d � 69hi<I6,j
F%D � < d :;6 ²Ld \ F�t jT1K1 ^�> Y�1"r�r > a � k d 0 d�� o Mi?B}KhiU�j�� d
c 6=MpU
hpNICED
H o v�j�5 d F%hiMpMi6=A�?BU
{�� d � 69hi<>6Bj�F%D � < d :]6 ²Td \ F-A j-rB^b3�Y�1"r�r ^ a d

� >�> �nk d Æ d 0gMi69v�D
hiUOj�k d 0 d�� o M�?B}BhiUÊ?BU�{Gk d V¯h o NPh[j
F%D � < d :]6 ²Td�z Y�� j¯1K1 > `K`Er�YÅ3B`K` > a d
� >2^ ��V d�~ 69MiMi69A;?BU
{�0 d � d�� D
HKfR?B<9j�FöD � < d :;6 ²Ld \ b�� j�3 [�^ g Yº1"r�rK`Ka d
� > g!�nk dLz hi6�NP6=A>hiCEDOj � � � � �ijLF%D � < d V¯6�NIN d S F�t-t j >2[ YÅ3B`B`�14a � : d :�?BU�<IHKfÎ6Bj ¶ o C9M d F%D � < d 2 Y���� j�^�gB`
YÅ3B`B`b3Ka d

� >2[ �Ä� d�c 69MiU
hªNPCED
H o vLj �Ãd�� < o <ID
hpfq?$?BU�{ 0 d � d�� D
HBfq?B<9j y o A d F%D � < d Q d 0 �2b jO1@` ^ YÅ3B`K`K3Ka d
� >%] � cZd k�?BA>}K<Ihi?BU�?BU
{ cZd k.NIAIhpv.fR?BUOj|D
6=J.tuJ
D C,` ^ 1K1x` ^�>
d
� > r!��V d V d�§ AP?,U
v%@ o A>N=j � � � � �ij �!d FöD � < d32 9-F-A j r [ Y�1"r�r ^ a � F%D � < d V¯69N>N d S 9-Y�� j�3B`�1RY�1"rEr�gba d
�?^ `!�n\ d \�hiH KÉ{
69}KMih�0³NINPh�?,U
{ lgdÁ�!d�� HKJL6=MphiH ² hiCEDOj y o A d F%D � < d Q d 0 � � jO1@^K^ÉYÅ3B`K`B^ba d
�?^ 1�� cZd Æ d k.NIAIhpv.fR?BUOj cZd|�³² 69AI<Iv,H � ?BU
{ ced
� D�?,MiH ² j|U o C9Mªt�NID CEr�gB`�rK` ^�^ j(� � 	 � � � ����� � � 		� � 	 � � � � 	 �

� ����� � ��� ��� # � � � �������������
	�j ~ ?,f¨X o A>}
jO1x` ]�^ Yº1"r�r�gKa d
�?^ 3 � cZd : d 0�{�?BfÎ<=j � � � � �ij�F%D � < d :;6 ²Ld V¯69N>N d � b j ^ 1"r ] Yº1"r�r ^ a d
�?^ ^!� lgd»�!d;� HBJT69MihiH ² hiCED�j7Q d;¶ 69fRCED�hiv ?BU
{ y�d FöA>6={�?!)�)=h[j7D
6=J.tuJ
D C�r ^ 1K143.1 > j � � 	 � � � ����� � � 		� � � �

��� ��� � � � � � � ��� � 	 	 � 	 � � 	 ��
 � ��� ��� � ��� # � � � ��j�69{ d k d»z¨döl ?B<I<R?BU
{#F d 0 d»cZd 5 o hpCED
HKUOj
y {
hpNIhiHKU
< § A>HKUbNPhp6=AI69<=jL57h @�t�< o Aºt � ² 69N>NP6Bj
^�r�1RY�1"rEr ^ a d

�?^�> �n\ d \�hiH KÉ{
69}KMih�0³NINPh[j�V d F d�� ?BJ�NE?,AIh¯?BU�{ z¨d�� A>6=Mi6=?BU
h[j�F%D � < d :;6 ²Ld \ Y-9 j�` >�> gK`�1ÎYÅ3,`K`�14a d
�?^�^ �n\ d \�hiH K�{
6=}KMph�0³N>NPhÅj
V d F d
� ?,J�NE?BA>hO?BU�{ l�dÁ�!d�� HKJL6=MphiH ² hiCEDOj y o A d FöD � < d Q d 0 � � jO1 >%^ YÅ3B`K` > a d
�?^ g!� §�d½y;d \�MiHK<>6Bj�: d 5 d :;HKXT69A>NI<�?,U
{ 5 d 5 d :]HK<><=j�F%D � < d V�6�NIN S6��A�� j
^ > gÉY�1"r ] ^ba d
�?^�[ �n5 d½§�d \�D
6�`�?,U
{ §'d»y�d V¯H"`Äj�FöD � < d :;6 ²Ld �-�m9 jO1Jg > `ÉY�1"r ^ rba d
�?^E] � y�d7y MiH o ?,{
AID
hpAIh[j
� ��� 
 ��� 
�� ��� ��� ��� � *�,-�/.���� . 	 � ��� �!��� ��� ���=j¨\³V¯07kT143 z H.C o fÎ6=UbNGNIH
FT0]\³^K` YÅ3,`K`�gba d

�?^ r!� §�d k�? o Mih[j ¶ o C=M d ÆuU
<>NIA o f d ?BU
{ c 69NID d 2 9��-Y j ^ ^�1ÎY�1"rEr [ a d
� gK`!� ~�d�§ 69U
vB69A=j � � � � �ij|NPHR?BJ
JL6@?BA�hpU ¶ o C=M d ÆuU
<�NPA o f d ?BU�{ c 6�NPD d Y[3B`K`�gKa d
� g�1���V dbc o <I?�j � � � � �ijKFöA>H|C d HE@TÆ yöy�y ¶ o C9Mi6@?,Aök|C=hp6=U
C96�k � fRJLHK<Ih o fÑ3B`K`K^�jKFÂHKA�NPM�?,U
{Oj2;�k.0�YÅ3B`K`B^ba d
� gb3 �Ç0 d 8 d�� MphifÎ6=U
v,H
j�k d½y�d�� o D
UOj � � � � �ij�F%D � < d :;6 ²Ld \ � 9 j�`K^ ^ 3|143�YÅ3,`K`�gba d
� gK^!��V d � d � D�hpNPMpH"`Äj � � � � �ij
FöD � < d V¯69N>N d�l A-F-t j¯1"rB^ Yº1"r�rK`Ka d

> r



� g > � � d V¯hi?BU
}
j ced»y�d \�D
A>hi<>N � j � � � � �ij
U o C9Mªt�6 w CB` > 1@`K`b3 [|d
� g ^ � cZd½y;d \�D�AIhi<�N � j � � � � �ijLQKV�?BX y `K34tE1x`Er�j'`s`s` d q>M�?BX d HKA>} C,6 w J J�AIHK} C�J
AIHKJLHK<I?BMi<DCB`b38CBFö:]`b34tP1x`�r d J
<
� g�g!�nQ d 0gA>AIhiU�}BNPHKU�j � � � � �ij|QKV�?BX y `Eg�tº`K`Er�j�`s`s` d q>Mi?BX d HKAI} C,6 w J J
A>HK} C,J�AIHKJLHK<P?,Mi< C,`�g CBFö:]`�g�tº`B`�r d JT{'@

^ `



� K C
Y[5Ä6�8 K C!� K a Z " CB5Ä6�8 
H? CK57698 ¶ H d HE@ y*² 6=UbNI< :]69M d k.NP?,N d�y AIA d
1 d 3 ` d ` ]%^ ^ d_[�>%] ^ d ^b3 > ]%^E[ rb3K3 ` d `K`�1
1 d ^ ` d 1K1 ] ^ d 3B` ^ ^|d ` ^ ` g�g ^E] 1 ] ` d `K`�1
1 d ^ ` d 1"g ^ 3 d_[ `�r g d ^�1"g ] ^ [ gK` ` d `K`K^
1 d ^ ` d 3|1 ] 3 d 3 [�^ g d `b3 ^ >�> ^ ] ` d `�1 ^
1 d ^ ` d 3 [ ` 1 d r ] r g d ^ > 3 >2^�^ ` d ` >2[
1 d 3 ` d ^b3B` 1 d_[�> 1 ^|d_^ r ^ 1 [ ` ` d ` [�[
1 d > ` d ` ] r ^ d r�1 > 3 d g > ` [ gK3B^ ] 3 ` d `K`�1
1 d > ` d 143B^ ^ d ^K^ > >
d gb3Er 1 ] 1 ^ g ^ 1 ` d `K`�1
1 d > ` d 1 [ ^ 3 d_[E] g g d?> `�g 1K1 ^�^3> g�g ` d `K`�1
1 d ^ ` d 3K3B^ 3 d?> ^ ^ [|d ^ [ ^ g�g > 3 ] 3 ` d `K`�1
1 d ^ ` d 3 [ ^ 3 d 1 ] 3 [|d r�rb3 ^ [ r�r�r�g ` d `K`b3
1 d ^ ` d ^b3B^ 1 d r ] g ]�d?> ^�g 3B^ >2[ 3B^ ` d `K`b3
1 d ^ ` d ^ [ ^ 1 d ] 3 [ ]�d_[�[�[ 1 ^E[ 1x` ] ` d `K`K^
1 d ^ ` d?> 3B^ 1 d g�r ] r d `b3Er 1x`B^b3 [E] ` d `K`K^
1 d ^ ` d?>2[�> 1 d_^E] ` r d 3K3|1 g > 143Er ` d `K` >
1 d ^ ` d_^ 3B^ 1 d?>%]%[ r d ^�g�r > 1 ^ r ^ ` d `K` ^
1 d ^ ` d_^�[ ^ 1 d ^�r�g r d?>%]E> 3 [ 3 ^ g ` d `K`�g
1 d ^ ` d gb3B^ 1 d ^b3|1 r d gb3 ] 1Jr > gK` ` d `K` [
1 d ^ ` d g [ ^ 1 d 3 >%] r d_[ 3Er 1Jg [ 3Er ` d `K` ]
1 d ^ ` d_[ 3 > 1 d 1 ] 1 r d_[�^�^ 1B1"gK` ] ` d `K`�r
1 d ^ ` d_[ g > 1 d 143K3 r d ]%^ 1 ^�143Er ` d `�1 ]
1 d ^ ` d ] 1 ^ 1 d `�1 > r d g�1x` gb3 ^ ` d ` > `
1 d ^ ` d ]%[ g ` d rK^ [ r d_[�[�^ ^ g�r ` d ` > 3
1 d [ ` d `�r > >
d 143B` 1 d ]%^�[ 3EgB^�1K1 ] ` d `K`b3
1 d [ ` d 143 ^ ^ d_^E] r ^ d_^ rK` 1 [�^ ^Egb3 [ ` d `K`�1
1 d [ ` d 1 [�> ^ d `K`�1 ^|d gK`�g 1 > ` >%[�^ g ` d `K`�1
1 d [ ` d 3K3 > 3 d gK` > g d ] 1 ^ 1x`�1"gK3 ] 3 ` d `K`�1
1 d [ ` d 3 [�> 3 d ^�1"r [|d_^�[�> [�^ g�1 [ r ` d `K`�1
1 d [ ` d ^b3 > 3 d `�r ] ]�d 1x`�g ^�^E[�> 1 ] ` d `K`�1
1 d [ ` d ^ [�> 1 d rb3|1 ]�d?> r ] >�>%^�^�>%] ` d `K`�1
1 d [ ` d?> 3 > 1 d_[�[ g ]�d_[ rK` ^ ^ ^ >2[ r ` d `K`b3
1 d [ ` d?>2[�> 1 d g ^ ^ r d `b3 > 3 ^E[ ^ [ ` ` d `K`b3
1 d [ ` d_^ 3 ^ 1 d_^�>�> r d 3K3B` 1"r [ 3K3 > ` d `K`b3
1 d [ ` d_^�[ ^ 1 d?>2^ 1 r d ^�g�r 1 > g�rb3K3 ` d `K`K^
1 d [ ` d gb3 > 1 d ^�g�g r d?> rK^ rErb3B^ ] ` d `K`K^
1 d [ ` d g [�^ 1 d 3 ] ^ r d g�1 ] rK3B`�g ] ` d `K`K^
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H? CK57698 ¶ H d HE@ y*² 6=UbNI< :]69M d k.NP?,N d�y AIA d
1 d [ ` d_[ 3B^ 1 d 3K3B` r d_[ `�g rB` >2[�^ ` d `K`K^
1 d [ ` d_[�[ ` 1 d 1"gK` r d_[�[ g >E> `�r�r ` d `K` ^
1 d_] ` d ] 1"g 1 d ` [ ^ r d g�rb3 [ rK`�r ` d `�1K1
1 d [ ` d ]%[�^ ` d rK^�r r d_[ ` > ^K` [ 3 ` d `�1 ]
1 d [ ` d rb3Eg ` d rK^ ] r d_[ g ] g�1 >2^ ` d `�1x^
1 d_] ` d r [ g ` d rK^ ] r d ] g ] 1 >2[ ^ [ ` d `K` ]
1 d r ` d `�r [ >
d ^b3K3 1 d?> ` > 1@^ ]�]E> ` d `K` ]
3 d ` ` d 143Er ^ d ] 1x^ 3 d gK^ ] 1K1x` ]E] `�g ` d `K`�1
3 d ` ` d 1 [�> ^ d 3 > r >
d g�1"g 143Eg ]�[�^ r ` d `K`�1
3 d ` ` d 3K3 > 3 d ] 1 ^ g d `b3B` r [3> 3B^�1 ` d `K`�1
3 d ` ` d 3 [�> 3 d?> r�r g d rK^�1 [ ^ > g [ ` ` d `K`�1
3 d ` ` d ^b3 > 3 d 3 ^�[ [|d_^�^E] ^�^ 1 [E]%^ ` d `K`�1
3 d ` ` d ^ [�> 3 d `�gK` ]�d `�143 > 3 ] ^�gK^ ` d `K`b3
3 d ` ` d?> 3 > 1 d ] r ] ]�d ^ [ 1 ^ ^ g [�[ r ` d `K`b3
3 d ` ` d?>2[�> 1 d_[�^�[ ]�d g ^E] 3 [3> 3|1 > ` d `K`b3
3 d ` ` d_^ 3 > 1 d gK^ ] ]�d ]%[ ^ 3|1JgK^ >�> ` d `K`b3
3 d ` ` d_^�[�> 1 d_^ ^�1 r d `�g > 1"g > rK` > ` d `K`b3
3 d ` ` d gb3B^ 1 d?> ^ [ r d 3B` [ 1K1 ^�^ g�r ` d `K`K^
3 d ` ` d g [�> 1 d ^ > g r d ^ ^�^ ] 3 ^ ` ] ` d `K`K^
3 d ` ` d_[ 3 ^ 1 d 3Eg�g r d?>2[ 3 [ r�r >%] ` d `K` >
3 d ` ` d_[�[ ^ 1 d 1"r�g r d_^�^ g g >%] 143 ` d `K` >
3 d 1 ` d ] 1 [ 1 d 143 ^ r d_^�[ r 1 ] 3B` ] ` d `K` [
3 d 1 ` d ]%[�> ` d r ^ 1 r d 3 ]%^ 3K3 [ g ` d `b3|1
3 d ` ` d rK^b3 ` d rK^�r r d_^ g�g ^�^ 1"r ` d `�1x^
3 d ` ` d r ]E> ` d rK^ ] r d_[E]%^ gB^K^ ] r ` d `K` >
3 d > ` d 1x^ ] ^ d r ] ^ 1 d rK^b3 > ^Er ] `K` ` d `K`b3
3 d > ` d 1 [�^ ^ d_^ 3B` ^ d?>2^ g 1x`�gb3�g ^�[ ` d `K`�1
3 d > ` d 3K3 > ^ d ` >%] ^|d ` ] 1 ] rB` > 1x^ ` d `K`�1
3 d > ` d 3 [�> 3 d g�r ] g d 1"gK` g [E^ 3B` [ ` d `K`�1
3 d > ` d ^b3 > 3 d?> ^b3 g d rK`�1 ^ `Eg�r > g ` d `K`�1
3 d > ` d ^ [�> 3 d 3|1"g [|d?>�>2[ ^ ] g�rK^ ] ` d `K`b3
3 d > ` d?> 3 > 3 d `K^�1 [|d ] g [ ^�1@^�1x^ ^ ` d `K`b3
3 d > ` d?>2[�> 1 d ]%[�[ ]�d 1"rK^ 3EgB`b3 [ 3 ` d `K`b3
3 d > ` d_^ 3 > 1 d_[�>�> ]�d?>2[ ^ 1"rEr ^ `K` ` d `K`b3
3 d > ` d_^�[�> 1 d gb3B^ ]�d g [E] 1 >E> ^�gb3 ` d `K`K^
3 d > ` d gb3B^ 1 d_^ 1 ^ ]�d ]�] ^ 1K1Jgb3 ^ 3 ` d `K`K^
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H? CK57698 ¶ H d HE@ y*² 6=UbNI< :]69M d k.NP?,N d�y AIA d
3 d > ` d g [�> 1 d?> 1 ] r d `K^K` ]�> 1 ^ r ` d `K`K^
3 d > ` d_[ 3 ^ 1 d ^b3K3 r d 1"g > g > 143Er ` d `K` >
3 d > ` d_[�[�^ 1 d 3 > 1 r d ^K`K^ ^ r ^�[�[ ` d `K` >
3 d > ` d ] 3B` 1 d 1 [ ` r d ^ ^E] ^B` [ 3 [ ` d `K`�g
3 d ^ ` d ] g [ 1 d ` ^ ` r d 1 [ 3 ^�g > 1 ` d `�1 [
3 d > ` d rK^K^ ` d rK^�r r d 3 [ r 3 [ ^�1 ` d `�1"r
3 d > ` d r ]%^ ` d rK^ ] r d_^�> 1 > 1"g ^ 3 ` d `K` ^
3 d_] ` d 1 >�> >
d 1 ^�^ 1 d?>%] g ^ 3K3B^�g ` d `K` >
3 d r ` d 1 [�[ ^ d_[�[ 3 3 d ^ [ ^ [ `|1"g�1x` ` d `K`�1
3 d r ` d 3K3 > ^ d 3Er�r ^ d r�r ^ [ 3 ] ^ ^�> ` d `K`�1
3 d r ` d 3 [�> 3 d rb3B` ^|d 3B^ [ ^ rK3|1 ] g ` d `K`�1
3 d r ` d ^b3 > 3 d gb3 ^ g d 1x^ > >2^�]�] gK^ ` d `K`�1
3 d r ` d ^ [�> 3 d ^ ] ^ g d_[E] g ^K^ErK^�g [ ` d `K`b3
3 d r ` d?> 3 > 3 d 1 ]%^ [|d 3 [�> 3EgB^�1K1 ] ` d `K`b3
3 d r ` d?>2[�> 3 d `�1x` [|d g [ 3 3|1B1x^�rK^ ` d `K`b3
3 d r ` d_^ 3 > 1 d ] gK` [|d r ] ^ 1 [E^ r > ^ ` d `K`b3
3 d r ` d_^�[�> 1 d_[ 3 [ ]�d 3 ^�[ 1x^B^b3Eg�g ` d `K`K^
3 d r ` d gb3 > 1 d gK`�g ]�d?>2[ ` rEgK^�rK^ ` d `K`K^
3 d r ` d g [�> 1 d?> r ^ ]�d g ^�^ [E^ ` ^�> ` d `K` >
3 d r ` d_[ 3 > 1 d ^�rb3 ]�d_[ r�r ^ 3K3B^�g ` d `K` >
3 d r ` d_[�[�^ 1 d 3Er�1 ]�d r�g ^ >E>�> r [ ` d `K` ^
3 d r ` d ] 3K3 1 d 3|1K1 r d `�g ^ ^B^K`�gK` ` d `K` ^
3 d r ` d ] g > 1 d 143B` r d ` ]�] [ g ] 1 ` d `�1K1
3 d r ` d rK^ ^ ` d rK^ [ ]�d r [�[ 1x` ] 1 ` d `K^K`
3 d r ` d r ]�] ` d rK^ ] r d ^K`b3 3 >�> 1K1 ` d `K`�g
^ d > ` d 1 ]%[ ^ d rK^�r 1 d_[ ^ [ 3K3,`�1 ^ g ` d `K`b3
^ d ^ ` d 3K3 ^ ^ d_^�[ g 3 d_[ ^�r ^E] ` [�>%] ` d `K`�1
^ d ^ ` d 3 [�> ^ d 1"g > >
d 1 ^ r > rEg�g > g ` d `K`�1
^ d ^ ` d ^b3 > 3 d ] ^ ] ^|d 3B` [ ^ ]�^ 3B^�1 ` d `K`b3
^ d ^ ` d ^ [ ^ 3 d_^�[�^ ^|d r > g ^K`B` [E]%[ ` d `K`b3
^ d ^ ` d?> 3 > 3 d ^ ^ 3 g d_^�> r 3K3,^ ^�[ ` ` d `K`b3
^ d ^ ` d?>2[�> 3 d 1"g�1 [|d ` > 3 1"gErK` ^�[ ` d `K`b3
^ d ^ ` d_^ 3 ^ 1 d r ]�] [|d?> 3 [ 1 >%^ 1 ^E] ` d `K`K^
^ d ^ ` d_^�[�> 1 d ]E> ^ [|d_[ 3Eg 1K1 ^ ^�r ] ` d `K`K^
^ d ^ ` d gb3 > 1 d_[ ` [ [|d r ] r ] 3K3 ] 1 ` d `K`K^
^ d ^ ` d g [�> 1 d_^E] ^ ]�d 1 [ r g|1 ^ g ] ` d `K` >
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H? CK57698 ¶ H d HE@ y*² 6=UbNI< :]69M d k.NP?,N d�y AIA d
^ d ^ ` d_[ 3 > 1 d?> g [ ]�d?> 1 ^ > 3ErK` > ` d `K` ^
^ d ^ ` d_[�[ ^ 1 d ^�gK` ]�d_^ ^ ] 3�r ]%[ ^ ` d `K`�g
^ d > ` d ] 3B^ 1 d 3 ^�> ]�d_[ `K` 3,^�g�1 > ` d `K` [
^ d ^ ` d ] g [ 1 d 1"g [ ]�d_[ gb3 1B1x`K^�r ` d `�1x`
^ d ^ ` d rK^b3 ` d r ^ ` ]�d?>�>�> ]%^ ^ ` d `K^ >
^ d > ` d r ] r ` d rK^ ] ]�d r�gK^ 1@^ > 3Er ` d `K`�r
^ d r ` d 1"r ^ >
d 1x` ] 1 d?> `K^ ]E>2[E] ` d `�1K1
>
d 1 ` d 3B^�1 ^ d_[E] r 1 d ] gb3 3 [ `K`�gK` ` d `K`b3
>
d 1 ` d 3 [�> ^ d?> ^b3 3 d ]�] ` ^�r ^ ^ ^ r ` d `K`b3
>
d 1 ` d ^b3B^ ^ d ` [E] >
d ` ] g ^K` ]%^ 3Eg ` d `K`b3
>
d 1 ` d ^ [�> 3 d_[E] g >
d r�rb3 3B^Eg�r > 3 ` d `K`b3
>
d 1 ` d?> 3 > 3 d_^ ^ ] ^|d_[ 1 ] 1 ] ^�g ] 1 ` d `K`b3
>
d 1 ` d?>2[�> 3 d ^b3Eg g d 3 [ ^ 1x^ >%]%^ r ` d `K`K^
>
d 1 ` d_^ 3 > 3 d 1x^�r g d_[ `K` 1x`|1 ]%^�^ ` d `K`K^
>
d 1 ` d_^�[�> 1 d r [ 3 [|d `�rK^ ]�^ g�r ^ ` d `K`K^
>
d 1 ` d gb3 > 1 d ] 3|1 [|d?> ` > gEg [�> g ` d `K` >
>
d 1 ` d g [ ^ 1 d g ] 3 [|d g ^�[ >�] 1x^�r ` d `K` ^
>
d 1 ` d_[ 3 > 1 d_^�^ 1 [|d r�1"g ^K3 [ 1"r ` d `K`�g
>
d 1 ` d_[�[ 3 1 d?> ^K^ ]�d ` [ ^ 3.1 [ ^�g ` d `K` [
>
d 1 ` d ] 3 ^ 1 d ^K` ] ]�d 3 [ g 1 ^�^ ^ > ` d `K` ]
>
d 1 ` d ]%[ ` 1 d 3B` ] ]�d ^�gK^ 1@`b3Er�r ` d `�1x`
>
d 3 ` d r�1 ^ 1 d ` ]�] ]�d 1"r > 1x^�g ^ ` d `b3 [
>
d 1 ` d r�rK` ` d rK^ ] ]�d gK`�g g >%] g ` d `�143
>
d [ ` d 3 > 1 ^ d rK^ ] 1 d?>2^ r 3.1"r�g > ` d `K` [
>
d r ` d 3 [ r ^ d g�g�1 1 d rb3B` 3|1@` ] 3 > ` d `K`b3
>
d r ` d ^b3 > ^ d ^ > ` 3 d_[E]%^ 3 ^ 1x^K^�r ` d `K`b3
>
d r ` d ^ [�> ^ d `�1 ^ ^ d ] ^ > 1"r ^�^ 1 [ ` d `K`b3
>
d r ` d?> 3 > 3 d_[�>2^ >
d g ] 3 1 ^ ` ^ ` [ ` d `K`K^
>
d r ` d?>2[�> 3 d_^ 1x` ^|d ^ > 1 1K1B1K1 ]%[ ` d `K`K^
>
d r ` d_^ 3 > 3 d ^K`K^ ^|d ] rK^ ] 3|1K1x` ` d `K`K^
>
d r ` d_^�[�> 3 d 1K1 ^ g d ^b3B^ ^E[ 3 >�> ` d `K` >
>
d r ` d gb3 > 1 d r > g g d_[ `�1 ^ 1x`�r ] ` d `K` >
>
d r ` d g [�> 1 d_[ r > [|d `K^�r > ` > `K` ` d `K` ^
>
d r ` d_[ 3B^ 1 d g ^ 3 [|d 3 ]�] 3�rK`b3B` ` d `K`�g
>
d r ` d_[�[ ^ 1 d_^ ` ] [|d_^ 1 ] 1 ]%[ 3B` ` d `K` [
>
d r ` d ] 3 > 1 d ^ [ 3 [|d_[ 3 > 1@` ] 1K1 ` d `�1x`
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H? CK57698 ¶ H d HE@ y*² 6=UbNI< :]69M d k.NP?,N d�y AIA d
>
d r ` d ]%[�> 1 d 3 > ^ [|d ]�]%^ r�1"g�1 ` d `�1x`
^|d 1 ` d r�1x^ 1 d 1 ^�> [|d rK`�g 1 > 3K3 ` d `b3 [
>
d r ` d r�rb3 ` d rK^ [ ]�d 1x^ [ ^K^ ^�[ ` d `�1 [
^|d g ` d 3 ]�] ^ d ] 3B` 1 d?> rK^ 1 ]�] ^ > ` d `K` [
^|d_] ` d ^b3 ] ^ d_^�^�> 1 d ]�]%^ 143 [ 143B` ` d `K`K^
^|d r ` d ^ [�> ^ d 3Eg�r 3 d_^�>2[ 1 ^E^�>2^E] ` d `K`K^
^|d r ` d?> 3 > 3 d r [�> ^ d?> g�g 1K1Jg ]%[E] ` d `K`K^
^|d r ` d?>2[�> 3 d_[ 1x^ >
d 3ErK^ ]�[E]%^�[ ` d `K`K^
^|d r ` d_^ 3 > 3 d?>%] 3 >
d rb3 > g|1"g ] 3 ` d `K` >
^|d r ` d_^�[ ^ 3 d 3 ] 3 ^|d?> 3K3 >E> r ^ ^ ` d `K` ^
^|d r ` d gb3 > 3 d ` ]%^ ^|d ] r�g 3�r�g > g ` d `K`�g
^|d r ` d g [�^ 1 d rK`�r g d 3Erb3 3 [ ^ [ ` ` d `K`�g
^|d r ` d_[ 3B^ 1 d_[�^ ^ g d_^E] ` 3,` ]�] ^ ` d `K` [
^|d r ` d_[�[ 3 1 d gK`K^ g d ] ` ] 1 >%]%^ 1 ` d `K` ]
^|d r ` d ] 3K3 1 d?>2^ 3 [|d `K^ > [ rK`�r ` d `�1K1
^|d r ` d ]%[�> 1 d 3Er�r [|d 3Eg > ^ 3Er�1 ` d `�1 >
^|d_] ` d r�1"g 1 d 1 [ 1 [|d?>%] 1 1 [ gK^ ` d `b3 >
^|d_] ` d r�rK^ ` d rK^ [ [|d_^E] 1 1 ] 3B` ` d `b3B^
g d g ` d ^K^�r ^ d_[ `�1 1 d gK` ^ > ^ ] 1 ` d `�1 ^
g d_] ` d ^ ] ` ^ d?>2^ ^ 1 d rK`K` >�] ^�1x` ` d `K` ^
g d r ` d?> 3 ^ ^ d 3B`K` 3 d ^�g ^ ] `b3B^b3 ` d `K` >
[|d ` ` d?>2[�> 3 d rK^ [ 3 d r�rb3 gEr ^ rb3 ` d `K` >
[|d ` ` d_^ 3 > 3 d g ] 1 ^ d_[ ^�1 ^ ` ^ 3Er ` d `K` >
[|d ` ` d_^�[�> 3 d?>2^E] >
d ^�r ^ ^Eg [ `b3 ` d `K` ^
[|d ` ` d gb3B^ 3 d 3 ^ 1 >
d ]E> 1 3,^ ^ `K` ` d `K` [
[|d ` ` d g [�> 3 d ` ^ ^ ^|d?>2[ g 1Jg ^�^E] ` d `K` ]
[|d ` ` d_[ 3Eg 1 d ] g ^ ^|d_[ r�1 1 > 1"g ] ` d `K` ]
[|d ` ` d_[�[ ^ 1 d_[ `�1 g d `�r > 1@`�143 ] ` d `�1x`
[|d 1 ` d ] 3 [ 1 d_^ 3|1 g d ^b3Eg g >%] g ` d `�143
[|d ` ` d ]%[�^ 1 d ^ ^ r g d_^�> ` ^�rb3Eg ` d `�1"g
[|d ` ` d r�1 ] 1 d 3B`�r g d_[ `K^ 1K1x^ ] ` d `K^K`
[|d ` ` d r�r > ` d rK^ [ g d ] g > [ ^�r ` d `K^ [
[|d r ` d ^�r ^ ^ d_^E]E> 1 d_[�>%] >2^�^ ` d ` >2[
]�d ` ` d?> ^K^ ^ d ^�g�1 1 d rK^ ^ ]%^ ^ ^ ` d `�1K1
]�d 3 ` d?>2[�[ ^ d 143Eg 3 d 1"r ^ 3 [E]�] 3 ` d `K`�g
]�d ^ ` d_^ 3 ^ 3 d ] rK` 3 d g�g [ ^ >�>%] ^ ` d `K` ^
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]�d > ` d gb3 > 3 d?> 3Eg ^ d_[�>�> 1 [ g�r�g ` d `K` ]
]�d > ` d g [ ^ 3 d 3|1 ] >
d 3 [ ^ 1@^b3 ^E] ` d `K`�r
]�d ^ ` d_[ 3 [ 1 d r ]E> >
d rK` ] ]%^ ^ ^ ` d `�1K1
]�d > ` d_[�[�> 1 d ] 1 ^ ^|d 1"g ] ] 3 ^ ` ` d `�1K1
]�d ^ ` d ] 3 ^ 1 d gK` ] ^|d ^b3 ] > ^ ] 1 ` d `�1 ^
]�d > ` d ]%[ 3 1 d?> ^ ] ^|d_[E] r 3ErK`b3 ` d `�1"r
]�d ^ ` d rb3 ^ 1 d 3B`�r ^|d ] `�g 1K1x^ ] ` d `K^K`
]�d ^ ` d r�r ^ ` d rK^ ^ ^|d r�r�1 >2^�^ ` d ` >2[
r d > ` d?>%]%[ ^ d 3 [ ` 3 d 1"rK` ^ 143 ` d ` >�>
r d ^ ` d_^ ^K` ^ d ` > 3 3 d 3Eg�1 > ^b3 > ` d `�1 ^
r d [ ` d_^�[�[ 3 d ] 143 3 d?>�>�> r ^ `b3 ` d `�1x`
r d_] ` d gb3 ^ 3 d_^ r ] 3 d_[�^�^ 1B1x^ ] ` ` d `K`�r
1x` d ` ` d g [ 3 3 d ^ ] g ^ d 1 [ ^ ]%[ gK^ ` d `�1K1
r d r ` d_[ 3 ^ 3 d 1 >2^ ^ d_^ r�g gK`K^�1 ` d `�1x^
1x` d ` ` d_[�[ ^ 1 d r > ` ^ d ]%[E] ^�> ` ^ ` d `�1 >
r d_] ` d ] 1 ] 1 d_[ ^ [ >
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1K1 d g ` d_[ 3 ^ 3 d 3Er�1 3 d rK`K^ 3 [E]�] ` d `�1"r
1K1 d_[ ` d_[�[ 3 3 d ` [ 3 ^ d `�1 ^ 1 ^ rK^ ` d `b3 ^
1K1 d ] ` d ] 3 [ 1 d ] 1"g ^ d?>�>2^ 1K1"r > ` d `b3Er
1K1 d_[ ` d ]%[�> 1 d_^ rK` >
d ` > ` gb3 ^ ` d ` > `
1K1 d?> ` d r�1"g 1 d ^ ] 3 >
d?> 3K3 3K3 [ ` d `�g�g
1K1 d ^ ` d r�r ] ` d rK^ > >
d g ^ g 1K1x^ ` d `�r >
1x^ d g ` d_[ ^ ] 3 d ^�g ] 3 d_[ ` ^ ^ g ` d 1x^K^
1x^ d r ` d_[ r�1 3 d `�r ] ^ d ^�1"r ^ g ` d 1x^K^
1x^ d?> ` d ] 3Eg 1 d rK`�r 3 d_[ g ^ 1K1x^ ` d `�r >
1x^ d 3 ` d ] g�1 1 d_[ ^�1 ^ d 3Egb3 ^ g ` d 1x^K^
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