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(a) Half-Wave Plate Angle (degrees)

B
P

M
 L

1 
X

 (
nm

)

B
P

M
 L

1 
Y

 (
nm

)

B
P

M
 L

2 
X

 (
nm

)

B
P

M
 L

2 
Y

 (
nm

)

In
te

ns
it

y 
(p

pm
)

-4000

-3000

-2000

-1000

200 300 400

(c) Half-Wave Plate Angle (degrees)
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(b) Half-Wave Plate Angle (degrees)

(d) Half-Wave Plate Angle (degrees)

O"4EKUr+7:6

o%n

c

z

�

(-6NQ%6N@ At6N@ V16 =LviQX=US<4[;:4E=U@�A+4 � 6P7:6P@ VP6NSuYG6N9USJr 7<6TA�MRs�;/B$= %

	

�

�

S�9�;u;<F+6

�

€

�

6 � Q%=U4E@ ;C4>@

;<F 6 ~ @ �/6TV�;<=U7

k

9�€ A

p

=L@ ;:F+6 =U7<4>6P@ ;:9�;<4>=L@ =�v8;:F+6 7:=�;x9�;<6T9�M+H>6wF 9LH[v € B$9|{U6GQ+H>9�;<6

n

�8F+6 QX=US<4[;:4E=U@ At4 � 6P7:6P@%V16NS

S<F+=�B 9GSJ;<7:=L@+KGV1=U7<7:6PHq9�;:4E=U@ BD4E;<F ;<F+6�4>@ ;<6N@ SJ4E;/s 9USJsRYGYG61;<7:s

k

6

p�n

SJ;<r Ats Bi=Ur+H>A F 9|{L6�7:6�� r+4>7<6TAG;<r+7:@+4>@+KG=���MX6N9LY ;<=

�

9LHEH

�

v =L7DSJ6N{L6N7:9LH%F+=Ur+7xS ;:= VP=L@ A+r V�;8;<F 6uSJ;<r%AtsL?+9L@ A

;<F%9�;�H>6P{L6NHd=�v
4E@ ;:6P7<v 6P7:6P@ VP6IBD4E;<F�9L@�6PORQX6P7:4>Y 6N@ ;87:r+@+@ 4E@+Kw4>@�9�@+=L;<F+6N7

�

9�H>H B89LS$r+@ 9UVPVP6PQt;x9�M+H>6

n

����� � ��� � ��� ��� � � � !(��!�� # � ! 	 �%��� #
� � �

�

6NHE4qV14E;/s € VP=L7:7<6NH>9�;<6TAGQ%= SJ4E;<4>=L@ At4 � 6P7:6P@%V16NS ;<6N@ At6TA ;:=WMX6�Y�r VxF Hq9�7:KL6N7 4>@ ;<F 6�~ @
�/6NV�;:=L7i;<F 9L@ 4>@

�

9�H>H

�

v =U7

7:6N9LS<=L@%S�At4>S:V1r%S<S<6NA 4>@ ;<F+6 @+61OR; S<6NV1;<4>=L@ ?
9�@%A2SJ=�B$6wv =Lr @ A 4[;�;<=�MX6 {U6P7:s�r S<61v r+H ;<=�YG6T9LS<r+7<6G;:F+6PY 4>@

;<F 6�~ @ �/6TV�;:=L7

n

�

S<6NVP=L@ A (

�

)�?X;<F+6 ~ @ �/6NV1;<=U7 (

�

)�?%7:6NVP=L7xAt6NA�MX6N9LY VxF 9�7:KL6�9�@ A�Q%= SJ4E;<4>=L@ 4E@tv =U7<Yw9�;<4>=L@

v 7:=LY 9�%

�

�

9�@ A ;/B$= %

	

�

�

SWH>=tVP9�;:6NA 9�;�;:F+6

�

€

�

6 � Q%=U4E@ ;G4E@(;<F+6 ~ @ �/6TV�;<=U7wAtr+7:4E@+K�;<F+6

c��
���

7:r+@

n

P�@+v =L7<;<r+@ 9�;<6NHEsU?t;<F+6TSJ6�YG=U@+4[;:=L7xS$7<6TV1=L7xAt6TA MX6N9LY Q+7:=LQX6P7<;<4>6NS$;<F%9�;�B$6P7:6u9L@ 9|{U6P7x9�KU6

k

B$6P4>KLF ;:6NA MRs M%6T9�Y

V1r 7<7:6P@ ;

p

=�{L6N7I9LHEH
=�v ;<F+6GMX6N9�YwS�B$6P7:6W7:r+@+@+4>@+K�9�;�9 KU4E{U6P@�;:4EYG6

n

(-r 7<4>@+K Y = S/;u=�v ;<F+6

�

��	�	

�6� 7:r+@ ?

�

9LHEH

�

7x9�@ 9�; 9(M%6T9�Y V1r 7<7:6P@ ;�VP=LYGQ 9�7x9�M HE6�;:=

�

9�H>H

� �

S 9�@%A ;<F 6 ~ @ �/6TV�;:=L7 (

�

) A+9�;x9(VP=Lr+HqA @+=L;

MX6 r%SJ6TA ;:=�YG6T9LS<r+7<6�;<F 6 QX=US<4E;<4>=L@ At4 � 6P7:6P@%V16NSG=U@(;:F+6

�

9LHEH

�

MX6N9�Y

k

�

9LHEH % r SJ6TAh9�MX6N9LY V1r+7:7:6P@ ;



����� �����
�����	�
�	� !*	����
��	���� ��� � 	�������� �

�

�

l

=U7:A+6P7xS�=�viYG9LKL@+4E;<r%At6GHE=�B$6P7-;<F 9L@

�

9�H>H

�

?d9�@ A�;<F+6 6b� 6NV1;�=�v3;:F+6P4>7uM%6T9�Y =U@�;<F 6�=L;<F+6N7:SuV1=Ur+HqA�MX6

@+6NKLH>6NV�;:6NA

n p�n

�

=�Bi6N{L6P7T?|;<F 6P7:6DBi6N7<6$;<4>YG6NS BDF+6P@ ;<F 6

�

9LHEH

�

MX6N9LY B89LS
=���9�@ A B$6DBi6N7<6D9LM+HE68;:=�YG6N9LS<r+7:6

;<F 6 Q%= SJ4E;<4>=L@ At4 �X6N7<6N@ V16TS�=L@�;:F+6

�

9LHEH

�

M%6T9�Y 9�;

���

6 �

n

O"4>KLr+7:6

o n

c

l

SJF =�B�S�;<F+= SJ6wYG6N9USJr 7<6NY 6N@ ;:S

n

�8F+6w{U6P7<;<4qVP9�H5M%9�@ A+SWSJ6NQ 9�7x9�;:6 A+9�;:9�QX=L4>@ ;:S�MRs�S<HEr K

n

�8F+6wQX=US<4E;<4>=L@2At4 �X6N7<6N@ V16TSuBi6N7<6 ;/sRQ+4qVP9�H>H>s S<6P{L6N7:9LH

FRr+@ At7:6NA�@ 9L@+=LYG61;:6P7xS84E@ ;:F+6�~ @ �/6NV1;<=U7

n

B
P

M
 1

x 
P

os
 D

iff
 (

nm
)

B
P

M
 2

x 
P

os
 D

iff
 (

nm
)

Run Number

Run Number

5\& 7	$�! < ,80 7'0*< # �"0 Z�!$%8!6#�56!$,

B
P

M
 1

y 
P

os
 D

iff
 (

nm
)

B
P

M
 2

y 
P

os
 D

iff
 (

nm
)

Run Number

Run Number

5 ^*7���! < ,'0 780*< #��f0 Z�!6%8!$#�5$!6,

O"4EKUr+7:6

o%n

c

l

� 	

=US<4E;<4>=L@�At4 � 6P7:6P@ VP6NSu9�;�;<F+6

�

€

�

6 � QX=L4>@ ;u4>@�;:F+6G~ @ �/6NV1;<=U7

n

�D6TSJr H[;xS�S<F+=�BD@�9�7:6W=L@ HEs�v =U7

7:r+@ S�Atr+7:4E@+K�BDF+4qVxF�;<F+6

�

9LHEH

�

MX6N9�Y B89LSI9�M S<6P@ ;

n

�8F+6 {L6N7J;:4>VN9�H	M%9�@ A+S�S<6PQ 9L7:9�;<6C7:6NS<r+HE;:SDv 7:=LY ;:F+6

z

�

S<HEr+K S

n

����� � � � � �
!�$ � $ ��! ��� $�� � ! #��

	

=US<4E;<4>=L@ At4 � 6P7:6P@%V16NSWS<VN9�H>6wBD4[;:F ;<F+6 S<4>}P6w=�v8;:F+6w6PH>6NV1;<7:=L@ M%6T9�Y

n

�

@+6wB$9|s�;<=�S<r+Q+Q+7:6NS:SuQX=US<4[;:4E=U@ At4[v €

v 6P7:6P@%V16NSN? ;<F 6P7:61v =L7:6L?d4qS�;<= 7:6NAtr VP6W;:F+6wSJ4>}P6G=Lv3;<F+6GMX6N9LY

n

�8F+6w9LVNV16PH>6P7x9�;:=L7-;<6P@%A+S�;<=�7:6NAtr VP6W;:F+6GM%6T9�Y

S<4E}N6-@ 9�;<r+7x9�H>HEs {R4>9 	<9LA+4>9LM 9�;:4>V�A 9�YGQ+4>@+K

n

�

�

VPV16NHE6N7:9�;<4>@+K�;:F+6IMX6N9LY 7<6TAtr V16TS5;:F+6�;:7:9L@ SJ{U6P7xSJ6DQ F 9LS<6IS<Q 9LVP6

9|{�9�4>H>9LM+H>6C;<=�;<F 6 MX6N9LY�?	9�@ A�F+6P@%V16�;<6P@%A+S�;<= 7<6TAtr VP6�MX=�;:F 4E;:SuS<4E}N6G9L@ A�A+4E{U6P7:KL6P@%V16�9L@+KLH>6

n

�8F 6 Q F 9LS<6

S<Q 9LVP6�4qS�7<6TAtr V16TA�MRs�;:F+6G7:9�;<4>=�=Lv3;<F+6GMX6N9LY 6P@+6N7<KU4E6TSP? 9L@ Ad? 9US<S<r+YG4E@ K ;:F+4>Su7:6NA+r V�;:4E=U@�4qS�SJQ+H>4E;u6�� r 9�H>HEs

MX61;/B$6P6P@�QX=US<4[;:4E=U@�9�@ A�9�@ KLH>6L?Rv =L7

�

�
	�	

��� =U@+6�YG4EKUF ;�61OtQ%6TV�;�QX=US<4[;:4E=U@�At4 � 6P7:6P@%V16NS$;:=wM%6W7<6TAtr V16TA MRs

9Gvm9UV�;<=U7-=Lv

�

k l

�

l

�

6 �

p

�

k

� �

6 �

p

�

z

�

M%6P;/Bi6N6P@�;:F+6

�

€

�

6 � 7:6PKU4E=U@�9L@ A�;:F+6C;x9�7:KL61;

n

�

VxF+4>6P{R4>@+Kw;:F+4>S



����� �����
�����	�
�	� !*	����
��	���� ��� � 	�������� �
�

7:6NAtr V1;<4>=L@�9LH>S<= At6NQ%6N@ A+SI=L@�Q+7:=LQX6P7:HEs Yw9�;xVxF+4E@ Kw;<F+6�M%6T9�Y 6PYG4E;J;x9�@ VP6WMX61;/B$6P6P@�{|9L7<4>=Lr%SD7<6NKL4>=L@ S�=�v5;<F 6

Yw9LVxF+4>@+6 �+9�YG4qSJYw9�;:VxF�4E@ ;:F+6�Yw9�KL@ 61;<4qVIv =tV1r S<4E@ K Hq9�;<;<4qV16CVN9�@�VP9�r%SJ6�;<F 6�M%6T9�Y S<4>}P6�;<=G4>@ V17:6N9USJ6

n

����� � � � 
 � � �
�'� � � ! #��6����� � $	� ��� � # ����# � ! �*) � � ) � �6������)

(Ir+7<4>@+K YG=USJ;u=Lv3;<F 6

c����
�

7<r @ ? 61OtQX6P7:4EYG6N@U;xS�Bi6N7<6�7<r+@ @+4E@ K�4>@

�

9�H>H

�

;<F%9�;�7<6�� r+4E7:6NA�9 MX6N9LY�V1r+7:7:6P@ ;

V1=UYGQ 9�7x9�M+H>6I;<=

�

9LHEH

� �

S

n5‚

F+4>HE6u;:F+6

	

~6�

�

v 6P6TAtM 9LVx• S<r+Q+Q 7<6TS<S<6NA ;<F+6�4>@ ;<6N@ SJ4E;/s 9USJsRYGYG61;<7:s 4>@

�

9�H>H

�

?

4E;8B89LS�� r+4E;<6uQ%= S<S<4>M+HE6Iv =L789�H>9L7<KU6-4>@U;:6P@ S<4E;/s 9LS<s YGYG61;:7<sG;:= A+6P{L6NHE=UQ =L@ ;<F+6

�

9�H>H

�

M%6T9�Y

n

�	9L7<KU6I9LS<sRY €

YG61;:7<4>6NS-4E@�;:F+6WQ 7<=UQ%6N7J;:4E6TS�=�v5;:F+6

�

9�H>H

�

MX6N9LY B$6P7:6CVP9LQ 9�M HE6C=Lv34E@%Atr V14>@+K 9LS<s YGYG61;:7<4>6NS�4E@�Q 7<=UQ%6N7J;:4E6TS

=�vD;:F+6

�

9�H>H

�

M%6T9�Y

n

	

7<4>=L7u;:=�;<F 6�SJ;:9�7<;W=LvD;<F+6

c����
�

7<r @ ?
Bi6 SJ;<r%At4E6TA ;<F 6�V17:=US:S�;x9�H>• MX61;/B$6P6N@2;<F 6

MX6N9�YwS M s 7:r+@+@+4>@+KCBD4E;<F

���

�

�

=�vdMX6N9LY ;:=

�

9LHEH

�

9�@%A

c

�

�

�

=LvdM%6T9�Y ;<=

�

9�H>H

�

nU‚

6-;<=R=L• 9CSJ6N7<4>6NS3=�v

S<F+=L7<;

k

c

�

YG4E@Rrt;:6

p

7<r @ S�4>@�BDF+4qVxF�B$6W6P4E;<F 6P7�4E@ ;<7:=tAtr VP6NA�9

l

�

4>@ ;<6N@ SJ4E;/s�9LS<sRY YG6P;<7:s�=U@U;:=w;<F 6

�

9LHEH

�

MX6N9�Y =U7 •U6PQt;$;<F+6

�

9LHEH

�

4>@ ;<6P@%SJ4E;/sw9LS<s YGYG61;:7<s MX6PH>=�B

�

n l

�

4E@ ;:6P@ S<4[;/s 9USJsRYGYG61;:7<s

n

O"4>KLr+7:6

o%n

c

o

SJF =�B�S

;<F 6�7:6NS<r+HE;:SC=LvD;<F+6TSJ6�SJ;<r At4>6NSN?5BDF+6N7<6 ;<F+6�M+H>9UVx•2A+9�;x9�Q%=U4E@ ;xS�9L7<6 v 7<=UY 7:r+@ S�BD4[;:Fh9

�

9�H>H

�

4E@ ;<6N@ S<4[;/s

9LS<sRYGY 6P;<7:s��

�

�

l

�

9L@ A ;<F+6 7:6NA A+9�;:9�QX=L4>@ ;:SC9L7<6Gv 7:=LY 7:r+@ SCBD4[;:F 9

l

�

4>@ ;<6N@ SJ4E;/s 9USJsRYGYG61;:7<s

n ‚

6

v =Lr @ A�9�V1H>6N9L75V1=L7:7:6PHq9�;<4>=L@WM%6P;/Bi6N6P@C;:F+6

�

9LHEH

�

4E@ ;<6N@ S<4[;/sC9USJsRYG61;:7<sC9L@ AWMX=�;:FW;:F+6�� Q%= SJ4E;<4>=L@ At4 � 6P7:6P@%V16NS

9�@%AG6P@+6N7<KUs�At4 �X6N7<6N@ V16TS

k

YG6T9LS<r+7<6TA M s %

	

�




c

zLp1n&‚

6-9LH>S<=CS<9|B

z

���

€

l

���

Q+Q Y =Lv 4>@ ;<6N@ SJ4E;/sG9LS<s YGYG61;:7<s

4>@ Atr VP6NA�4E@�;<F+6

�

9�H>H

�

MX6N9LY BDF+6P@ ;<F+6

�

9�H>H

�

M%6T9�Y F%9LA 9�Hq9�7:KL6u9LS<s YGYG61;:7<s

n

�8F 6�6N@+6P7:KLswAt4 � 6P7:6P@ VP6

B89LSuH>4E•U6PH>s Atr+6G;:=�M%6T9�Y HE= 9LAt4>@+K

n

�8F+6w4E@ ;:6P@ S<4[;/s�9LS<sRY YG6P;<7:s�B$9USuM%6NHE4>6P{U6NA ;<=�MX6 Atr 6G;<=�S:9�;<r 7:9�;<4>=L@

6b� 6NV1;:SI4E@�;<F+6GVP9�;<F+=tAt6

�

;:F+6W6NHE6TV�;:7<=U@ S�YG=USJ;I7:6N9UAt4>HEs�9|{�9�4>H>9LM+HE6Cv =L7-Q F+=�;:= 6NYG4>S:SJ4>=L@�B$6P7:6CYG=L7:6WSJ;<7:=L@+KUHEs

At6NQ+HE6P;<6TA�M s =L@+6�F+6NHE4qV14E;/s =Lv&;:F+6

�

9�H>H

�

MX6N9LY ;:F 9�@ ;<F 6C=�;:F+6P7�9L@ A�;<F+6CVN9�;<F =RA+6CAt4>A�@ =�;�F 9|{U6I;:4EYG6u;:=

7:6NV1=�{U6P7DMX61v =U7<6C6NHE6TV�;:7<=U@ S8v =L7

�

9LHEH

�

B$6P7:6�6PYG4[;<;<6TA

n

~ ;IB89LS�@+=�;IVPHE6T9�7IBDF 9�;-YG6TVxF 9�@+4qS<Y Q+7:=tAtr VP6NA ;<F 6

� QX=US<4[;:4E=U@ 9USJsRYGYG61;<7:s

n

�&=�V1=U@ ;<7:=LH%;<F+6

�

9LHEH

�

4>@ ;<6P@%SJ4E;/s 9LS<sRY YG6P;<7:s

k

9�@ A ;<= 4E@%Atr V16�4E;iv =U7i;:F+6NS<6�;:6NSJ;:S

p

Bi6IF 9LA ;<F+6u9�M+4>H>4[;/s

;<= 4>@U;:7<=tAtr%V16�9 F+6PH>4qV14E;/sU€ V1=U7<7:6PHq9�;:6NA�=�� S<61;u4E@�;<F+6GV1r 7<7:6P@ ;�A+7<4>{R4E@+K ;<F+6

�

9LHEH

�

S<6P6TA�Hq9LS<6P7

n

�8F 4>S�9�M+4>H>4[;/s

9�H>H>=�Bi6TAGr Si;<= Y =tAtr H>9�;<6I;<F+6�4E@ ;:6P@ S<4[;/sw=Lv

�

9LHEH

�

�

S$H>9USJ6N7 MX6N9�Y 9L@ A S<r+Q+Q 7<6TS<S ;<F+6�4>@U;:6P@ S<4E;/s 9LS<s YGYG61;:7<s

=L@

�

9�H>H

�

�

SI6PH>6NV�;:7<=U@�M%6T9�Y

n-‚

6Cv =Ur+@ A�;:F 9�;�MRs Yw9L@ r%9�H>HEs�9LA �/r%S/;:4E@+K ;<F+6 =��dSJ6P;-=L@%V16�9L@�F+=Lr 7�;<=�@Rr+HEH



����� �����
�����	�
�	� !*	����
��	���� ��� � 	�������� �

�

-1000

-500

0

500

1000

2524 2526 2528 2530 2532
Run number

B
P

M
 x

3a
 d

iff
 (

nm
)

-1000

-500

0

2524 2526 2528 2530 2532
Run number

B
P

M
 y

3a
 d

iff
 (

nm
)

-1000

0

1000

2524 2526 2528 2530 2532
Run number

B
P

M
 x

3b
 d

iff
 (

nm
)

-600

-400

-200

0

2524 2526 2528 2530 2532
Run number

B
P

M
 y

3b
 d

iff
 (

nm
)

0

2000

4000

2524 2526 2528 2530 2532
Run number

B
P

M
 x

12
 d

iff
 (

nm
)

O"4EKUr+7:6

o%n

c

o

�

(I6PYG=U@ S/;:7:9�;<4>=L@ =�v M%6T9�Y HE= 9LAt4>@+Ku6b� 6NV1;:S5=U@�;:F+6

�

9LHEH

�

M%6T9�Y VN9�r S<6NA�MRsW9uHq9�7:KL6$4E@ ;<6N@ S<4[;/s

9LS<sRYGY 6P;<7:s =L@

�

9�H>H

�

�

S 6PH>6NV1;<7:=L@ MX6N9LY

n

%$Hq9LVx• Q%=U4E@ ;xS

�

�

9�H>H

�
\

	

�

�

�

l

�

n

�D6TA QX=L4>@ ;:S

�

�

9LHEH

�

\
	

(

l

�

�

�

n



����� �����
�����	�
�	� !*	����
��	���� ��� � 	�������� �

�

;<F 6

�

9LHEH

�

4>@U;:6P@ S<4E;/s 9LS<sRYGY 6P;<7:sL?&Bi6wB$6P7:6w9�M+H>6G;<=�•U6P6PQ�;:F+6 9LS<sRY YG6P;<7:s�9�7:=Lr+@%A�;:F+6

c

�

€•Q Q+Y�H>6P{U6PH•?

BDF+4qVxF�B$9US$S<Yw9�H>Hd6P@+=Ur+KLF�;<=wYw9L•L6u4[;xS86b� 6NV1;:SD=U@ ;:F+6

�

9LHEH

�

MX6N9LY @+6NKLH>4EKU4EM HE6

n

����� � ��� � �%$�� ����� � � # � � � � � � ��� �'� #
! � � ��� � � ��$ � �

(Ir+7<4>@+Kw;:F+6C7:r+@ ?+B$6�;:7:9UVx•L6NA 9LS<sRYGY 6P;<7:4E6TSD4>@�9G@ r YWMX6P7�=LvY� r 9L@ ;<4E;<4>6NSDBDF+4qVxF�KU9|{U6ur S�V1=U@tZ%At6N@ V16C;<F 9�;

6PH>6NV1;<7:=L@+4qVuV17:=US:S$;:9LHE•�Q+7<=tAtr%V16NA�@+6NKLH>4EKU4EM+H>6CS<sRSJ;<6NYw9�;<4qV�6P7:7<=U7:S$4>@�=Lr+7�YG6T9LS<r+7<6NYG6P@ ;:S

n

�8F+6NS<6 � r 9�@ ;<4E;<4>6NS

4>@ V1H>r At6TA ;/B$= M 9�;<;<6P7:4>6NS84>@�6T9LVxF�At61;:6NV�;:=L7DFRrt;�9�@%A M 9�;J;:6P7:4E6TS8HE=tVP9�;<6TA @+6T9�7$;<F 6 %

	

�

6NHE6TV�;:7<=U@+4>VNS$4E@ ;<F 6

�

9LHEH

n

�8F+6uVP9�M HE4>@+K�v =U7 ;:F+6NS<6IM%9�;J;:6P7:4E6TS37x9�@ Q%9�7x9�H>HE6NH+;<=W;<F+6uS<4EKU@ 9�H VP9LM+HE6TS5v =U7 ;:F+6�A+61;<6TV�;:=L7xSi9L@ A %

	

�

�

S

n

~ @h9UA+At4E;<4>=L@ ?i=L@+6�S<Q 9�7:6

�

(

�

VxF 9�@+@ 6PH84E@(;<F+6 (

�

) B$9USWr S<6NA(;<=�YG6N9USJr+7:6�VP7<= S<SW;:9LHE• S<=LH>6PH>s BD4[;:F+4>@

;<F 6 (

�

)

n

�"9�M+H>6

o n

c

S<r+YGYw9�7:4E}N6NS�;:F+6w7<6TSJr H[;xS�=�vi;<F+6TSJ6wYG6N9USJr 7<6NY 6N@ ;:SN?	9�H>H3=�v8BDF+4qVxF B$6Gv =Lr @ A ;<=�MX6

V1=U@ S<4>SJ;<6N@U;DBD4E;<F�}N6P7:= 9�;-9GHE6N{L6PHdY�r VxF�HE6TS<S$;:F 9�@ ;:F+6CS/;x9�;:4>SJ;<4qVP9LH 6P7:7<=U78=�v	;:F+6WAt6P;<6TV�;<=U7�9LS<sRY YG6P;<7:s

n5‚

6

V1=U@ V1H>r At6TA ;:F 9�;Dvm9LH>S<6C9LS<sRYGY 6P;<7:4E6TS8Atr+6u;<=G6NHE6TV�;<7:=L@ 4>VuV17:=US:Si;:9LHE•�Bi6N7<6�@+6PKUHE4>KL4>M+H>6

n

�"9�M+H>6

o%n

c

�

	

r+YGYw9�7:sG=�v ;<F 6�9USJsRYGYG61;<7:4>6NS5YG6N9USJr 7<6TAG=L@ {�9�7:4>=Lr S3S<4>KL@ 9LH>S r SJ6TAG;<=�YG=L@+4E;<=U73;<F 6-Q+7:6NS<6P@ VP6

=�v"vm9�HqS<6u9USJsRYGYG61;:7<4>6NS8Atr+6u;:=w6PH>6NV1;<7:=L@+4qVIVP7<= S<S$;x9�H>•

n

�

S<sRY YG6P;<7:s

�

6N9USJr 7<6NY 6N@ ;:S

k

Q Q+Y

p

(I61; %89�;J;

c

€

�

n

�����

�

�

n

�����

(I61; %89�;J;

z

€

�

n

�����

�

�

n

�����

(I61; %89�;J;

l

€

�

n

���

� �

�

n

�

c

l

(I61; %89�;J;

o

€

�

n

���

z

�

�

n

�

c

l

%

	

�

%89�;<;

c

€

�

n

�����

�

�

n

���

o

%

	

�

%89�;<;

z

�

n

�

c

�

�

�

n

���

�

%

	

�

%89�;<;

l

�

n

���

l

�

�

n

���

o

(I4 � 6P7:6P@%V16

�

6T9LS<r+7<6NYG6P@ ;:S

k

Y 4>H>HE4qVxF 9�@ @+6PHqS

p

	

Q%9�7:6

�

F%9�@

c

�

n

�

l

� �

�

n o

�

�



� �������	��
 �

� ������� � � � �
	�
�� ��� ��
�� � � ��
����

�5€

c

���

4qSw7:r+@+@+4>@+K29�;w;:F+6

	

;:9L@tv =L7xA � 4>@+6N9L7

�

VPVP6PH>6P7x9�;:=L7

�

6P@ ;<6N7

k

	

�

�

�

p

4E@ � @ A

	

;:9�;:4E=U@

�

k

�

	

�

p�n

�5€

c

���

F 9LA 6N@+KL4>@+6P6N7<4>@+K�7:r+@ S�4>@

z

�����

9L@ A

z

���

c

n

~ ;:SCZ 7xS/;C;/B$=�Q+FRstSJ4qVPSC7<r+@%SCB$6P7:6 V1=L@%Atr V�;:6NA 4>@2;<F 6

S<Q+7<4>@+K 9L@ A�vm9LHEH"=�v

z

���

z

?%9L@ A�9wZ @ 9�H
Q+FRstS<4>VNS�7:r+@�4qSIQ H>9L@+@+6NA�v =L7I;<F+6Wvm9�H>H"=Lv

z

���

l+n

�8F+6�6POtQ%6N7<4>YG6P@ ;:9LH

V1=U@tZ KUr+7:9�;<4>=L@wv =U7(�5€

c

���

�

S

z

���

z

Q+FRstS<4>VNSi7:r+@ S$4qSDAt6NS:V17:4>M%6TA 4>@ ;<F 4>SDVxF 9LQt;<6N7

n

�8F+6�=LQ+;<4qVPSDS<sRSJ;<6NY v =L7$;<F 6

QX=LHq9�7:4E}N6NA�6NHE6TV�;:7<=U@ S<=Lr+7xV16G9�@ A�;<F 6GVP=L@ ;<7:=LH"=�v$M%6T9�Y�9USJsRYGYG61;:7<4>6NSN?dBDF+4qVxF B$6P7:6 VP6P@ ;<7x9�H
Q+4>6NVP6NS�=�v$YWs

;<F 6NS<4>SDB$=L7:• ?t9�7:6�At4qS:V1r S:SJ6TA�SJ6NQ 9�7x9�;:6PH>sw4E@

�

F 9�Q+;<6P7

�+n


 �! "�# � �$#&%��('

�5€

c

���

�

S"6PORQX6P7:4>Y 6N@ ;:9�HtVP=L@tZ KUr+7x9�;<4>=L@WB$9US	{U6P7:suS<4>Y 4>Hq9�7";<=

�

��	�	

���h4>@W4E;:S
M%9LS<4>V$At6NS<4>KL@

�

QX=LHq9�7:4>}P6NAW6PH>6NV1€

;<7:=L@%S3S/;:7<r%Vx•�9�H>4\� r+4qAGFRstAt7<=UKL6N@�;x9�7:KL6P;N?U9L@ Aw9uYw9�KU@+61;:4>V�S<QX6NV�;:7<=UYG61;<6N7 9�@%AwV1=LH>H>4EYw9�;:=L73S<stS/;:6PY SJ6NHE6TV�;<6TA

;<F 6�S:VP9�;J;<6N7<6TAG6PH>6NV1;<7:=L@ Si=�v 4>@ ;<6P7:6NSJ;

n

�8F+6TSJ6I6PH>6NV1;<7:=L@ S Bi6N7<6�At61;:6NV�;:6NAwMRs 9

�

F 6P7:6P@+•U=�{ VN9�H>=L7:4EYG61;:6P7T?U9L@ A

;<F 6-7:6NS<r+H[;:4E@ K

	

�

� S<4EKU@ 9�H B$9US34>@U;:6PKU7:9�;<6NA

n

�

A At4[;:4E=U@ 9�H At6P;<6NV1;<=U7:S Bi6N7<6Dr S<6NA ;:=�At6P;<6N7<YG4>@+6D;<F 6I9|{L6N7:9LKL6

�




9L@ A�;<F+6WM 9LVx•RKL7:=Lr @ A &%rtO�9L@ A�9LS<sRY YG6P;<7:4E6TS

n

�

=�B$6P{L6N7N?R;:F+6P7:6CB$6P7:6CSJ6N{L6N7:9LH S<4>KL@+4EZ%VP9L@ ;-At4 � 6P7:6P@%V16NS

MX61;/B$6P6P@ ;:F+6u;/Bi= 61OtQX6P7:4EYG6N@U;xS

�

c

n

�8F+6

	

�

�

�

MX6N9LY ?
7x9�;:F+6P7�;:F 9�@2MX6P4>@+K�VPB�?&B89LSCQ+r+HqSJ6TA29�;

c

z

�

�

}

n

�i9LVxF Q+r+HqS<6 B$9USJ�

z

�

�

@ S

���



����� �������������	� !*	����
��	���� ��� � 	��������

�

c

HE=U@+K

n

	

r H>S<6NA M%6T9�YwSu;:6P@ A ;<=�MX6wH>6NS:S�S/;x9�M+H>6L?"9�@ A 4E@%At6P6TA Q+r+HqSJ6P€ ;:=�€ Q+r+HqSJ6 & r V1;<r 9�;<4>=L@ S�4>@ M%6T9�Y

Q+7<=UQ%6N7J;:4E6TS�B$6P7:6WY�r VxF�Hq9�7:KL6P7-v =L7I;<F+6

	

�

�

�

M%6T9�Y ;<F%9�@ 9�; � �	9LM

k

v =U7I6POt9LYGQ+HE6U? Q%= SJ4E;<4>=L@ �/4[;<;<6P7

B$9US	;/sRQ+4qVP9LHEH>s �

���

�

Y 9�;

	

�

�

�

9�@ A �

c

�

�

Y 9�; � �	9LM

p�n

�

=�B$6P{L6N7N?�=U@+6D9LAt{�9L@U;x9�KU6iQ+7:=�{R4>A+6NACMRs

9CQ+r+HqS<6NAwMX6N9LY B$9US5;<F 6�9LM+4EH>4E;/s�;:=W;:7:9L@ S<Y 4E;$9LHEHXMX6N9�Y F 6PH>4>VP4[;/sG4>@tv =L7:Yw9�;<4>=L@ =Lrt;$=�v ;:4EYG6�BD4[;:F ;<F 6

M%6T9�Y Q+r H>S<6

n

~ @�9LA At4[;:4E=U@ ?R;<F 6u;<4>Y 6P€•F 4>SJ;<=U7<s 64�X6TV�;xS�9LS:SJ=tVP4>9�;<6NA BD4[;:F�F+6PH>4>VP4[;/s & 4EQ Q+4E@ K

k

At6TS<VP7<4>M%6TA

4E@�SJ6TV�;:4E=U@

o%n

cUc

n zLp

Bi6N7<6�@+=L;-9�@ 4>S:SJr 6�BD4[;:F�9 Q+r H>S<6NA MX6N9�Y

n

z+n

�8F+6 S<VN9�;<;<6P7:4>@+K�7:9�;<6U?&BDF+4qVxF2B$6w6NSJ;<4>YG9�;<6 MX6PH>=�B�?"B$9US

z

€

o

�

c

�
	

6NHE6TV�;<7:=L@%S�Q%6N7WQ+r H>S<6L?"KL4>{R4E@+K�9L@

9LS<s YGYG61;:7<s At4qS/;:7<4>M+rt;:4E=U@�BD4>AR;:F�=�vW�

c

���

Q+Q+Y v 7:=LY V1=Lr @U;:4E@ K S/;x9�;:4>SJ;<4qVPSI9�H>=L@+6

k

V1=LYGQ 9L7<6TA�BD4[;:F

�

�������

Q+Q+Y v =L7

�

�
	�	

���

p�n

�

9�•R4>@+Kuv r+H>H r S<6�=Lv S<r VxFGF+4>KLF SJ;:9�;:4>SJ;<4qVPS37<6��Ur 4E7:6NA�;<F%9�; B$6DYw9�4>@U;x9�4>@

@+=L4qSJ6�VP=L@ ;<7:4>M+rt;<4>=L@%S
v 7<=UY =L;<F+6N7 SJ=Ur+7xV16NS

k

MX6N9�Y YG=L@+4E;<=U737:6NS<=LH>rt;<4>=L@ ?L;:9L7<KU61;3At6P@%SJ4E;/s &%r V�;:r 9�;:4E=U@ SP?

At61;:6NV�;:=L7D7:6NS<=LH>rt;<4>=L@	? 6P;:V

n p

9�;8H>6P{U6PHqS8M%6NHE=�B

c

���

Q+Q Y

n

l n

�8F+6 S:VP9�;J;<6N7<4>@+K(9L@+KLH>6�4>@ ;<F 6 Hq9�M v 7x9�YG6�B89LS

�

�

z

�|€

�

�

o

c

�•?-Yw9�•R4>@+K 4E;�9(VxF 9�H>HE6N@+KL6�;<=hA+6NS<4EKU@ 9

SJQX6NV1;<7:=LYG61;:6P7 VN9�Q 9LM+HE6�=�vWS<6PQ 9L7:9�;<4>@+K ;<F+6�SJ4>KL@%9�H�v 7:=LY ;<F 6�M 9UVx• KU7<=Ur+@ AbBDF+4>HE6�SJ4>YWr H[;x9�@+6N=Lr S<HEs

SJr+Q Q+7<6TS<S<4>@+K S<=�v ;�Q F+=�;:=L@ M 9LVx•RKL7:=Lr @ A+S

n

o%n

�8F+6�7x9|B 9LS<sRY YG6P;<7:s�B$9US-6PORQX6NV1;<6TA�;<= MX6 �

�

�

c

Q Q+Y�? ;/Bi= =L7xAt6P7xS�=Lv Yw9�KU@+4[;:r At6GSJYw9LHEH>6P7I;<F 9L@

;<F+6

�

��	�	

��� 7x9|B 9LS<s YGYG61;:7<s

n

�8FRr SN?tV1=U@U;:7<=UH%=Lv 4E@%At4E{R4qAtr 9LH S<stS/;:6PYw9�;:4>V-6P7:7<=U7:Si9�;i;<F+6�Q 9�7<;J€ QX6P7<€

M+4EH>H>4E=U@

k

Q+Q+M

p

H>6P{U6PHdB89LS87:6�� r+4>7<6TA

n


 ��� 0 � ,/%87 ;�,$��)+* � ;�,��

�8F+68S<VN9�;<;<6P7:4>@+KIVP7<= S<S"SJ6TV�;:4E=U@WVP9L@WMX6$6TS/;:4EYw9�;<6NAWMRs�4E@ ;<6NKL7x9�;:4E@+K-6�� r 9�;:4E=U@

z+n lUl

=�{L6N7 ;:F+6$S:VP9�;J;:6P7:4E@+KL€ 9L@+KLH>6

9LVNV16NQt;:9L@ V16w=Lv$;:F+6 S<Q%6TV�;:7<=UY 6P;<6N7

kG�

�

�

�

� � �

�&!

�

�

�

�

o

�89�@%A29LS:SJr+YG4>@+K

z

�

9LVNV16NQt;:9L@ V16 4>@ 9�}N4EY�rt;<F

p

9�@%A�9US<S<r+YG4>@+K�9�M%6T9�Y 6P@+6N7<KUs�=�v

o

�

�

l

�

6 �

n ‚

6 Z @ A

L

(

cUc

�

z

�

M 9�7:@

n

� �8F+6 @Rr+Y�M%6N7C=�v�At6P;<6TV�;<6TA

�
��3�!Y5$< %8%'!6,'.�< #�:�0*#�1 �@1 ?�%8!6,�V < %�&

� ) � �

MG�"!

�

^�!$&)S &)%8!

�

�

�

����
�������

�

��� �

� &)#�:����

�����

�

�

^�&)%'# H



����� �������������	� !*	����
��	���� ��� � 	��������

�

z

S:VP9�;<;<6N7<6TA 6NHE6TV�;<7:=L@%SiQX6P7-Q+r+HqSJ6�


0

VP9L@ ;<F+6N@ MX6�6NSJ;<4>Yw9�;:6NA 9LS




0

`

L

�




� � �

�

�

� �

j k

�

n

c

p

BDF+6N7<6�
w4qS$;<F+6�MX6N9LY VPr+7<7:6P@ ;T?

�

4>S8;:F+6u;:9L7<KU61;�At6N@ SJ4E;/sL?+�b4qS8;<F 6u;:9�7:KL6P;$H>6P@ K�;<F	? 9�@ A

� �

4qS�9GV1=U7<7:6NV1;<4>=L@

vm9LV1;<=U7-;:=�9LVNV1=Ur+@ ;-v =L7�H>=US:SJ6TS-Atr+6�;<=�V1=UHEH>4>YG9�;<=U7:S�;<F 9�;�M+H>=tVx•�SJsR@ VxF+7:=�;:7<=U@�7:9UAt4>9�;<4>=L@�4>@�;:F+6 F+=L7:4E}N=L@ ;:9LH

Q+Hq9�@+6

n

�

P-S<4E@+KG;:F+6�{�9�H>r+6NS

L

`

cUc

�

z

�

M 9L7<@

j k

�

n zUp




`

l

�

�

�

c

�

� �-6PH>6NV�;:7<=U@ S

y

Q+r+HqS<6

j

�

`

�

�

�

�

z

K

y

VPY




`

o

�

l

�

c

�


 
I6NHE6TV�;:7<=U@ S

y

V1Y




j

�

`

c

���

V1Y

�
�

`

�

�

�

�

j

B$6WZ @%A�;:F 9�;�;<F+6G7x9�;:6W4>@U;:= ;:F+6wAt61;:6NV1;<=L7uS<F+=Lr+HqA�MX6

zLz+n

�

Y 4>H>HE4>=L@ 6PH>6NV�;:7<=U@ S�Q%6N7uQ+r+HqSJ6U?d=L7

z

�

�

�

�

} 9�;

c

z

�

�

}

n

�8FRr SP?RB$6I6POtQ%6TV�;$;<F+6uQ 9L4E7:BD4>S<6-9USJsRYGYG61;<7:swAt4qS/;:7<4>M+rt;:4E=U@ ;:=WF 9|{U6I9�BD4>AR;:F =Lv]�

c

�

�

o

�

�

c

�

�

`

c

���

Q+Q Y

n

(Ir+7:4E@+KI;<F 6

z

���

z

Q+FRstSJ4qVPS"7:r+@ SN?�B$6 ;/sRQ+4qVP9LHEH>sC=LM%SJ6N7<{U6NA�BD4qAR;<F%S
=�vc�

c��

�

€

z

���

Q+Q+Y�?�4>@ At4qVP9�;:4E@ K

9C7:6NS<4qAtr 9�HX@+=U4>S<6I=Lv"�

c

z

�

Q+Q+Y v 7:=LY =�;:F+6P7DS<=Lr+7xV16TS

n

�8F+4>S$@+=U4>S<6I9L7<= SJ6-v 7<=UY SJ6N{L6P7x9�HXSJ=Ur+7xV16NSN? 4E@ VPHEr%At4E@ K

Z @+4E;<6u;:=L7:=L4qA�9L@ A'%

	

�

7:6NS<=LH>rt;:4E=U@ ?+At61;:6NV1;<=L7DQX6NA+6NSJ;:9�H & r V�;:r 9�;:4E=U@ SN?+9�@ A�At6P;<6NV1;<=U7�9�YGQ+H>4[Z 6N7D@+=L4qS<6

n


 � � � ) =8;��6%	
���� 0 =	� @ ,$�/) 9 � ) E��/@��

�8F+6

	

�

�

�

Q%=UH>9L7<4>}P6TA�6PH>6NV1;<7:=L@ S<=Lr 7:VP6CB$9US-M%9LS<6NA�=U@�Q+F =�;<=R6NY 4qS:SJ4>=L@�v 7:=LY SJ;<7x9�4>@+6TA

�

9

�

SI=U7

�

9

�

S

	

VP9�;<F+=tAt6TS�9�@ A�B89LSuAt6TS<VP7<4>M%6TA�4E@2At6P;:9�4>H54>@ �

�

�

�

n

~ ;CB89LS�{U6P7:s�SJ4>YG4EHq9�7u;:= ;<F+6 � �	9LM QX=LHq9�7:4E}N6NA 6PH>6NV1;<7:=L@

S<=Lr+7xV16

k

SJ6TV�;:4E=U@

o n lUp

4>@�4E;:SIM 9LS<4qV�=LQX6P7x9�;:4E@+K Q+7<4>@ VP4EQ+H>6NS

n

�

&%9LS<F+Hq9�YGQt€ Q+r+YGQX6NA �84

�

	

9�Q+Q+F 4E7:6WHq9LS<6P7

k

;<F+6

�

��3�!�(P&)%'1 !W,'< (*0*:�MK&)#�1 (*!�&)5656!6.�7'&)#�56!-<)V�7'3�!�,'.�!65678%'< ST!R78!6%U2�� �

� )

,8%]0*#L7'3�!=56!$#b78!$%GMK<)V MKST< ST!6#478?�S V %X&)ST! 2�ST!$&)#�,]7'3�&A7

(*< ,',8!6,�:�?�!Y7'< �a%8!6ST,',878%X&)3�(*?�#�1W&)%'!Y,'SF&)(*(�&)#�:�5U&)#�^�!Y#�!61 (*!$5R78!6:LV\< %c783�0*,f!6,G7'0*SF&A78! H



����� �������������	� !*	����
��	���� ��� � 	��������

�

l

	 O"Hq9LS<F

�

�84 �

p

4>@ Atr VP6NA�Q+F+=L;<=R6PYG4qS<S<4E=U@ =Lv ;<F+6[�

z

�

�

€ @ S 6NHE6TV�;:7<=U@ Q+r+HqS<6NS$r S<6NA v =L7(�5€

c

���

n

�

S<6NVP=L@ A H>9USJ6N7

S<sRSJ;<6NY�?"9L@��IA

�

� � O&€ Q+r+YGQX6NA �84

�

	

9�Q+Q+F 4E7:6wH>9USJ6N7N?	B$9US�r S<6NA ;<=�KU6P@+6N7:9�;<6 S<F+=L7<;

k z

@ S

p

Q+r+HqS<6NSuv =U7Cr S<6

4>@�;:F+6

	

�

	

€ ~J~i7<4>@+KUS8MRsw;:F+6 %89 %89�786PORQX6P7:4>Y 6N@ ;

n

%$=�;:F ;:F+6+O"Hq9LS<F

�

�84dHq9LS<6P7�S<stS/;:6PY 9�@ A ;<F+6C9US<S<=tV14q9�;:6NA

=LQ+;<4qVPS$SJstSJ;<6PY S:9|B SJ4>KL@+4EZ%VN9�@ ; r+Q+KU7:9UAt6NS 4E@ Q+7<6NQ 9�7x9�;:4E=U@Gv =L7 �5€

c

���

� ;:F+4>SiB$=L7:•�4qSiA+6NS:V17:4EMX6NAw4>@w;:F+6 �-~

�

Q 9LQ%6N7D4E@ VPHEr%At6NA�9LS

�

F%9�Qt;:6P7

��k

=UQt;<4qVPS�S<stS/;:6PY

p

9�@%A

�

Q+Q%6N@ At4EO

�

k

H>9USJ6N7DSJstSJ;<6PY

p

=Lv	;<F 4>S8;:F+6NS<4qS

n


 ��� � @(@�� =	� �/;�,$)��

	

�

�

�

�

S 9LVNV16PH>6P7x9�;:=L7C4qS Yw9LAt6�r+Q(=Lv-7<=Ur+KLF HEs

l

���

�AO VP9|{R4E;<4>6NS At4qS/;:7<4>M+rt;:6NA =�{U6P7W9�;/Bi=L€•YG4>HE6P€•H>=L@ K�9LV1€

V16NHE6N7:9�;<4>@+K SJ;<7:r V�;:r+7<6

n

~ ; 4>S�VP9LQ 9�M+H>6�=�vC9 QX6N9L•h7:6PQX61;:4[;:4E=U@ 7:9�;<6�=Lv

c

z

�

Q+r+HqS<6NS QX6P7 SJ6TV1=U@ Ad?D9�@ A 4E;:S

;<4>YG4E@ KWSJstSJ;<6NY Q+7:=�{R4>A+6NS3S<rNM V14>6P@ ;#& 6POt4EM+4>H>4[;/s�;<=WA+4E{R4qAt6�;:F+6NS<6

c

z

�

Q+r+HqSJ6TS3MX61;/B$6P6P@wY�r+HE;<4>Q+HE6IM%6T9�YwS

n

�

@

=�{L6N7<{R4>6PB =�v

	

�

�

�

4qSIS<F+=�BD@�4>@ O"4>KLr+7:6

�

n

c

n

�8F 6�MX6N9LY VP9�@�M%6 Q+7:=�{ 4qAt6TA�MRs 6N4[;:F+6P7�9 Q%=UH>9L7<4>}P6TA�6PH>6NV1€

;<7:=L@�KUr+@�=L7�9G;<F 6P7:Y 4>=L@ 4>V

k

r+@+QX=LHq9�7:4E}N6NA

p

KLr+@

n

�8F 6W~ @ �/6TV�;<=U7
�

QX=US:SJ6TS<S<6NS�A+4>9LKL@+= S/;:4>VNSD;<F%9�;-B$6P7:6Cr S<61v r+H

v =L7CVP=LYGYG4>S:S<4E=U@+4E@ K��3€

c

���

�

SuM%6T9�Y�9L@ A�Y =U@+4E;<=L7:4>@+K�MX6N9LY�9LS<sRYGY 6P;<7:4E6TS�9�;u;<F 6w6PH>6NV�;:7<=U@ S<=Lr+7xV16

n

�8F 6

~ @ �/6TV�;<=U7-9�HqS<= V1=L@ ;x9�4>@+6NA 6PH>6PYG6N@U;xSD;:F 9�;-Q 7<6NQ 9�7:6NA�6N9UVxF MX6N9LY Q r+H>S<6uv =L7�9LVNV16PH>6P7x9�;:4E=U@�MRs 9�Q+Q+7:=LQ 7<4q9�;:6PH>s

M+r+@%VxF+4E@ K 4E;D;<=wYw9�;:VxF�;<F+6C9UVPV16NHE6N7:9�;<=U7

�

S

z

���

�

€

�

�

} �AO QX=�B$6P7DS/;:7<r%V�;<r 7<6

n

�8F+6

�

VNV16PH>6P7x9�;:=L7

	

;<7:r V1;<r+7:6

	

� �&r+Q

k

�

	 	

�W�

p

7<6NKL4>=L@ ?d9�;�BDF+4qVxF�;:F+6GM%6T9�Y 6N@+6P7:KLs�4qS

c

�

6 ��?d4qSu9

S<6P{L6N7:9LH[€ YG61;:6P7<€•H>=L@+KW7<6NKL4>=L@ =Lv	;<F 6C9LVPVP6PH>6P7x9�;:=L7 4>@�BDF+4qVxF ;:6NSJ;DS<61;:r+Q SDVN9�@ M%6uQ+Hq9LVP6NA

n

~ ;D4qS8=�v ;<6N@�r%SJ6TA ;:=

;<6TS/;-9UAt{�9�@ VP6NA �AO(9UVPV16NHE6N7:9�;<=U7J€ VP9|{R4E;/s�At6TSJ4>KL@ S

n

�5€

c

���

r S<6NA

�

	 	

� � 9LSD9 HE=�B8€ 6P@ 6P7:KLswAt4q9�KL@ =USJ;<4qV-QX=L4>@ ;

v =L7DMX6N9LY Q+7:=LQX6P7<;<4>6NS89L@ A M%6T9�Y 9USJsRYGYG61;:7<4>6NSN?t9LSDAt6TS<VP7<4>M%6TA YG=U7<6u4>@�;:F+6�@+6PO ;-S<6NV1;<4>=L@

n

�

;5;<F 6D6P@ AG=Lv%;:F+6�9LVNV16PH>6P7x9�;:=L7T?|;<F+6 %i6T9�Y

	

BD4[;xVxF � 9�7xA

k

%

	

�

p

•R4qVx•L6NA�4>@ At4>{ 4qAtr 9LH Q+r H>S<6NS54>@ ;<=u=L@ 6D=�v

S<6P{L6N7:9LH+MX6N9�Y H>4E@+6TS

�

QX=US<4[;:7<=U@ 9�@ AG6NHE6TV�;:7<=U@wM%6T9�Y HE4>@+6TS5v =L7i6P4E;<F+6N73;:F+6

	

� ( 4E@ ;<6N7:9UV�;:4E=U@ QX=L4>@ ;i=U7 %89�M 9L7

9�@%AC6PH>6NV1;<7:=L@CMX6N9LY H>4E@+6TS&v =L7$�3@ A

	

;:9�;<4>=L@

�

k

�

	

�

p

9L@ A+� @ A

	

;:9�;:4E=U@ %

k

�

	

%

p�n

~ @G9LA+A+4[;:4E=U@ ?|;<F+6 	 O&4>@ 9LH

O+=tVPr S[�&6NSJ; %$6N9�Y
�

B89LS�r%SJ6TA�9USC9�;:6NSJ;CM%6TA v =L7CYw9LKL@+6P;<4qVG=LQt;:4>VNSuv =L7W;<F+6 �-61OR; �	4E@+6T9�7

�

=UHEH>4>A+6P7W9L@ A

v =L7I61OtQX6P7:4EYG6P@ ;xSD;<6TS/;:4E@ K @+=�{U6PH YG6N9L@ S�=Lv56PH>6NV�;:7<=U@�9LVNV16PH>6P7x9�;:4E=U@

n

�5€

c

���

=tVNV1r+Q+4>6NA �

	

�

n

O+=UHEH>=�BD4>@+Kw;<F 6

%

	

��?U9�S<6P7:4>6NS"=�v

c

z

At4>Q%=UHE68Yw9�KU@+61;xS
M%6N@U;5;:F+68M%6T9�Y M s

z�o

� 4>@G=L7xAt6P7";<=uM+7:4>@+Ku4[;34>@ ;<=��

	

�

n

%$61;/B$6P6P@�;<F 6

3

,.-
�f`�� ,�0*#��8!65R7'< %�%'!61 0*< #-D9&),91 !$#�!$%'&)(*( +-%'!RV\!6%8%'!6:-78<F&),f`aI �W2 BR`a< (*(*0*:�!6%cIK#��G!$5R78< %��"!RNb!6(*< .�ST!6#b7UH C



����� �������������	� !*	����
��	���� ��� � 	��������

�

o

O"4>KLr+7:6

�

n

c

�

�

{L6N7<{R4>6PB =Lv&;:F+6

	

;:9L@tv =L7xA � 4>@+6N9L7

�

VPVP6PH>6P7x9�;:=L7

�

6P@ ;<6N7

n

�

;:F 9L@ A �T;:F At4>QX=LH>6NSIBi6N7<6 9 S<61;u=�v YG=LYG6N@U;:r+Y € A+61Z @+4>@+K SJH>4[;xS � v =U7��5€

c

���

? ;:F+6Ps�B$6P7:6WS<61;�;<=�V1=LH>H>4EYw9�;:6

6PH>6NV1;<7:=L@ S5;<=�F 9|{U6�9�@G6P@+6N7<KUsWBD4E;<F+4>@

c��

=�vX;<F 6�@+=LYG4>@ 9�H%M%6T9�Y 6P@+6N7<KUs

n

�5€

c

���

r S<6NAGMX6N9LYGS =�v

o

�

�

�

�

6 �

9�@%A

o

�

�

l

�

6 � ?t;<F+6WF+4EKUF+6NSJ;D;/B$=w6P@+6N7<KU4E6TSD9|{|9L4EHq9�M HE6�9�;

	

�

�

�

9�;�BDF+4qVxF�;<F 6�6PH>6NV�;:7<=U@�Q%=UH>9L7<4>}N9�;<4>=L@ B$9US

H>=L@+KU4[;:r At4>@ 9�Hd4>@B�

	

�

n


 ��
 � � ;>7 � ) 9B% ,<)��6%!9�� ;>9 � ��% ,/.�� �6%89��

�5€

c

���

YG9UAt6�r S<6�=�v�MX6N9LY YG=L@ 4[;:=L7xSwHE=tVN9�;<6TAb4E@ ;:F+6�~ @ �/6TV�;<=U7N?�9�;

�

	 	

� �u?i9L@ A 4>@ ;<F+6

�

€��	4E@ 6

n

~ @

9LA At4[;:4E=U@ ?+S<6P{L6N7:9LH

�

€��	4E@ 6IYw9�KU@+61;xS89�@ A ;<F+6uQ+F 9USJ6u=Lv&9W•RH>stS/;:7<=U@ @+6T9�7$;<F+6u6N@ A =Lv	;<F 6u9UVPVP6PH>6P7x9�;<=U7 B$6P7:6

r S<6NA�;<= 4>YGQ+H>6PYG6P@ ;C9 MX6N9LY Y =tAtr H>9�;<4>=L@ S<stS/;:6PY

k

MX6N9LY 	<At4E;<F 6P7:4E@+K
�

9�;

	

�

�

�

p

S<4>Y 4>Hq9�7I;<= BDF%9�;uB$9US

r S<6NA�v =L7

�

�
	�	

�6�

n



����� �������������	� !*	����
��	���� ��� � 	��������

�_�

�
� ����� � #�� ��������� ��! $�� #
� � ��!��	�

	

6N{L6P7x9�HUM%6T9�Y At4q9�KU@+=USJ;<4qVPS	Bi6N7<6$9|{�9�4>H>9LM+HE6i9�;";<F+6$~ @ �/6NV1;<=U7	;:=I9�4qAC4>@�SJ;<r%AtsR4E@+K-;<F+6$MX6N9�Y

�

S"Q+7<=UQ%6N7J;:4E6TS	9L@ A

V1=UYGY 4qS:SJ4>=L@+4>@+K�V1=L@ ;:7<=UHU=Lv%MX6N9�Y 9USJsRYGYG61;:7<4>6NS

n

�8F+6Ns�4E@%V1H>r At6NAW;<F 7<6N6$SJ;<7:4EQ HE4>@+6$M%6T9�Y QX=US<4[;:4E=U@WYG=L@ 4[;:=L7xS

k

%

	

�

�

S

p

4>YGYG6NAt4q9�;:6PH>sGv =LH>HE=�BD4>@+K�;:F+6�VN9�;:F+=tAt6I9L@ AG;/B$=WMX6N9�Y VxF%9�7:KL6DYG=L@+4E;<=U7:S

k

%

�

�

�

S

p

H>=RVN9�;:6NA 9�v ;<6P7

;<F 6 Z 7xSJ;"9LVNV16NHE6N7:9�;<4>@+K-S<6NV�;:4E=U@

n

�8F 6NS<6iAt4q9�KU@+=USJ;<4qVPS	Bi6N7<63r @ At6P7&;<F 6$VP=L@ ;<7:=LHU=�vt;<F 6

	

�

� �

=L@ ;:7<=UH

	

7:=LKU7:9LY

k

	 �

	

p

?
;:F+6�SJstSJ;<6PY r%SJ6TA ;:=�VP=L@ ;<7:=LHi;<F+6�9LVNV16NHE6N7:9�;<=L7

n

�5€

c

���

r S<6NA2;:F+6PY ;<= V1=LYGYG4qS<S<4E=U@ ;:F+6�=UQt;<4qVPS

F 9L7:AtB89�7:6�;:F 9�;CV1=U@ ;<7:=LH>HE6TA ;<F+6GF+6NHE4qV14E;/s € VP=L7:7<6NH>9�;<6NA v 6N6NAtM%9LVx•tS-=U@�4>@ ;<6P@%SJ4E;/s�9�@ A�Q%= SJ4E;<4>=L@�9LS<sRY YG6P;<7:4E6TS

k

A+6NS:V17:4EMX6NAw4>@�S<6NV1;<4>=L@ S

�+n ztn o

9�@%A

�+n o n o p1n&‚

6�9LH>S<=Cr S<6NAw;<F+6NY ;<=�9�;J;:6PYGQt;$;<=�A+4>9LKL@+= SJ6-S<=Lr 7:VP6NS3=Lv M%6T9�Y

9LS<sRYGY 6P;<7:4E6TSD9�@ A ;<=G=UQt;<4>YG4E}N6u;<F+6�=UQt;<4qVPSDS<61;:r+Q ;<=wYG4E@ 4EYG4>}P6�MX6N9�Y 9LS<sRY YG6P;<7:4E6TS

n

�8F+6�~ @ �/6TV�;<=U7 At4q9�KL@ =USJ;<4qVPS Bi6N7<6�9LH>S<= r%SJ6TA(MRs2;:F+6�9LVNV16PH>6P7x9�;:=L7 4E@bv 6N6NAtM 9UVx• H>= =UQ S�;<= VP=L@ ;<7:=LH$;<F 6

9�M%SJ=UHErt;:6

k

@+=L;	F+6NHE4qV14E;/s € VP=L7:7<6NH>9�;<6NA

p

6NHE6TV�;<7:=L@uMX6N9LY 4>@U;:6P@ S<4E;/s�9L@ A�Q%= SJ4E;<4>=L@�9�;	;<F+6 VN9�;:F+=tAt6

n

�8F 65v 6P6TAtM 9LVx•

H>= =UQ S3VP=L7:7<6TV�;<6TACv =U7iS<HE=�BbAt7:4[v ;xS34>@G;<F+6 O"Hq9LS<F

�

�84%VP9|{R4E;/s

�

S
=Urt;<Q+r+;iQX=�Bi6N739�@ AG4>@G;<F+6IS/;:6P6P7:4>@+Ku=�v ;<F+6-H>9USJ6N7

MX6N9�Y ;:F+7:=Lr+KUF�;<F 6 =UQt;<4qVPSuS<stS/;:6PY

n

�8F+6 4E@ ;<6N@ S<4[;/s�=Lv3;<F 6�6NHE6TV�;<7:=L@ M%6T9�Y 9�;I;:F+6G~ @ �/6NV1;<=L7�%

�

�

�

S�B$9US

F+6NH>A2VP=L@ SJ;:9L@U;CMRs�V1=L@ ;:7<=UHEH>4E@ K�;:F+6 9LY Q HE4E;<r A+6 =�vDHq9LS<6P7�H>4EKUFU;�;:7:9L@ S<Y 4E;J;:6NA MRs�;:F+6

	

�	~

�

�

	

=tVx•L6NH>SuV16NHEH

k

S<6P6

�

Q+QX6P@%At4[O

�

p�n

�8F 6CQ%= SJ4E;<4>=L@�=�v
;<F+6�6PH>6NV1;<7:=L@�MX6N9�Y 9�;I9 %

	

�

H>=tVP9�;<6NA �

c

v =R=�;�A+=�BD@ S/;:7<6T9�Y =�v

;<F 6 VN9�;<F =RA+6�B89LSIF+6PHqA�V1=L@%S/;x9�@ ;IMRs�;<F 6

�

9�;<F+=tAt6 (-4q9�KU@+=USJ;<4qVPS�%$6P@ VxF�;<6NHE6TS<VP=LQX6

k

SJ6TV�;<4>=L@

�+n ztn lUp1n

�

@ 6

H>6P@ S-=�v5;<F 4>S�;<6PH>6NS:V1=UQ%6�B$9USDYG=Lr+@ ;:6NA�=U@�9�@

+€�� €

�

;<7x9�@ S<H>9�;<4>=L@�SJ;:9�KU6

n

�8F+6WQ%= SJ4E;<4>=L@�=Lv
;<F+6�H>9USJ6N7�M%6T9�Y

=L@G;:F+6IVN9�;:F+=tAt6

k

9L@ AwF+6N@ V16-=�vd;<F 6-6PH>6NV1;<7:=L@GMX6N9�Y 9�;3;<F+6I@+6N9L7<MRs %

	

�

p

B89LSiV1=L@ ;:7<=UHEH>6NA MRsW;:7:9L@ S<H>9�;<4>@+K

;<F 4>SDH>6P@%S84E@ 
�=L7 �

n

�
� ����� � ��� ��� � �%$�� ��!�$ � #�� � ��!��	�

�5€

c

���

F%9LA�F+4EKUFt€ 7<6TSJ=UHErt;:4E=U@ MX6N9LY At4q9�KU@+=USJ;<4qVPS89�;�7:6PHq9�;:4E{U6PH>s H>=�B 6P@ 6P7:KLs

k

c

�

6 � 9�;

�

	 	

� �

p

9L@ A�F+4EKUF

6P@ 6P7:KLs

k

�

o

�

�

6 ��9�; ;<F+6

�

€��	4E@ 6

p

?�9USw4>@ At4qVP9�;:6NA 4>@ O&4>KLr 7<6

�

n z+n

�8F+6

�

	 	

�W� M%6T9�Y A+4>9LKL@+= S/;:4>VNS

4>@ V1H>r At6TA ;/B$= %

�

�

�

S89�@ A ;<F+7:6P6 %

	

�

�

S

n

�8F+6 %

	

�

�

S$Bi6N7<6�SJQ%9LV16TA 9�;

c

€•Y 4>@U;:6P7:{�9�HqSP?RBD4E;<F�;<F+6 %

�

�

�

S

MX61;/B$6P6P@�;:F+6PY

n

�8F+6NS<6CYG=L@ 4[;:=L7xS8Bi6N7<6�r S<6NA ;:= V1=U@U;:7<=UHd;<F 6CF+6PH>4qV14E;/sU€ V1=U7<7:6PHq9�;:6NA 4E@ ;<6N@ S<4[;/s�9�@ A QX=US<4[;:4E=U@

9LS<sRYGY 6P;<7:swv 6P6TAtM 9UVx•RS8Atr 7<4>@+KwQ+7:=tAtr V�;:4E=U@�7:r+@+@ 4E@+K

n



����� �������������	� !*	����
��	���� ��� � 	��������

�

�

O"4>KLr+7:6

�

n z

�

%$6N9LY At4q9�KL@ =USJ;<4qVPSiv =L7A�3€

c

���

n

�8F+6

	

�

�

�

%

�

�

�

S�B$6P7:6W;:=L7:=L4qA+SuYw9LAt6G=�vDV1=UQ+QX6P7�BD4>7<6wB$=Lr+@%A 9L7<=Ur+@ A�9�@�4E7:=L@ V1=U7<6

n ‚

F 6P@ ;<F 6

6PH>6NV1;<7:=L@ M%6T9�Y�Q%9LS:SJ6TA�;<F 7<=Ur+KLF 9�;<=L7:=L4qAd?d4E;C4E@%Atr V16TA 9 Q+r H>S<6G4E@�;<F 6wBD4E@ A+4E@+K S

n

�8F+6 ;<=U7<=U4>A�9LV1;<6TA 9US

;<F 6I4>@ Atr V1;<4>{L6I6PH>6PYG6P@ ;8=�v	9�@ ���

�

VP4E7xV1r+4E;$;<F 9�;$VP9Lr S<6NAG;:F+6I4>@ Atr%V16NA Q+r+HqSJ6I;<=�7<4>@+K

n

�8F+4qS$7<4>@+KL4>@+KWS<4>KL@ 9LH

B89LS 9LYGQ+HE4EZ 6TA 9�@%AG;<F+6N@w;<7x9�@%SJYG4E;J;<6TA �

c

���

v 6P6P;iv 7:=LY ;:F+6-MX6N9LY HE4>@+6�;:=C;:F+6I7:6N9UAt=Lr+; 6PH>6NV1;<7:=L@+4qVPS

n

�8F 6

S<4EKU@ 9�H%B$9US5;<F 6P@ 7:6NV1;<4EZ 6NA M sG9�@�9�M S<=LH>rt;<6-{|9LHEr 6IV14>7xV1r+4E;$9L@ AGv 6NA 4E@ ;:=W9WVPr S/;:=LY

c

�

€•M 4[;

�

(

�

k

At6TS<VP7<4>M%6TA

MX6PH>=�B 4>@�S<6NV1;<4>=L@

�

n

�

p1n

�8F+6�;:=L7:=L4qA+S�F 9UA�9w7:6NS<=LH>rt;<4>=L@�=�v

�

�

Q+Q+Y�?XBDF+4qVxF ?%BDF 6P@�9UA+At6NA�4>@ � r 9UAt7:9�;<r+7:6

BD4E;<F�V1=Ur+@ ;<4>@+KwS/;x9�;<4qSJ;<4qVPSN?t4E@ VP7<6T9LS<6NA ;<F+6CA+61;<6TV�;:=L7�9LS<sRYGY 6P;<7:s At4qS/;:7<4>M+rt;:4E=U@�BD4qAR;:F�M s �

�

�

n

�8F+6

	

�

�

�

%

	

�

�

S Bi6N7<6 7:6NS<=L@%9�@ ;�VP9|{R4E;/s YG=L@ 4[;:=L7xS�;<r @+6NA ;:= ;:F+6h9UVPV16NHE6N7:9�;<=U7

�

S�v 7:6�� r+6P@%V1s =�v

z

�_�

�

�

�

}

n

� 9LVxF�%

	

�

F 9LAh;<F 7<6N6�VN9|{R4[;:4E6TS

n

� 9UVxFbVN9|{ 4E;/s2B89LS�;<r+@ 6NAh;<=27:6NS<=L@ 9�;<6 4E@ 9�Q 9�7<;<4qV1r H>9L7

YG=tAt6

k

�(�

� ���

? �(�

�

c

�

?+=L7;�(�

� �

c

p1n$‚

F 6P@�9L@�6PH>6NV�;:7<=U@�Q+r+HqSJ6�Q 9LS:S<6NA�;<F+7:=Lr KLF�9 VN9|{ 4E;/sL?%4[;�61O+V14E;<6TA

;<F 6�7:6NS<=L@%9�@ ;iYG=tAt6�BD4[;:F 9L@�9�YGQ+H>4E;<r At6uQ+7:=LQX=L7<;<4>=L@%9�H%;<=�;<F+6uMX6N9�Y Q 7<=UQ%6N7J;/s ;<=GBDF+4qVxF ;:F 9�;DYG=tAt6�B$9US

S<6P@ S<4[;:4E{U6

n

�

�(�

� ���

VP9|{R4E;/s�B$9US�SJ6N@ S<4[;:4E{U6�;:=�;<F+6G;:=�;x9�H3MX6N9LY V1r 7<7:6P@ ;N?&9 �(�

�

c

�

VN9|{ 4E;/s�B89LS�S<6P@ S<4E€

;<4>{L6u;:=w;<F 6CM%6T9�Y

�

SDF+=L7:4>}P=L@ ;x9�H At4qSJQ H>9UV16PYG6N@U;Dv 7:=LY V16N@U;:6P7T?%9L@ A�9 �(�

� �

c

VN9|{R4[;/s�B$9USDSJ6N@ SJ4E;<4>{L6u;:=w;<F 6

MX6N9�Y

�

SW{U6P7<;<4qVP9LH$At4qS<Q+H>9UV16NY 6N@ ;Wv 7:=LY V16N@U;:6P7

n

�

@h9L@U;:6P@+@%9�4E@%SJ4qAt6�;<F+6�VP9|{R4E;/s Q+4qVx•L6TA2r+Q(;<F+6 4E@%Atr V16TA

S<4EKU@ 9�H•? 9L@ AG;:F+6IS<4EKU@ 9�H%B$9US5;:7:9L@ SJYG4E;J;:6NA��

c

���

v 6P6P;iv 7:=LY ;:F+6-MX6N9LY H>4>@+6�;:=C;<F 6IQ+7:=tV16TS<S<4E@ K�6PH>6NV�;:7<=U@+4qVPS

n

�8F+6 Q+7:=RVP6NS:SJ4>@+K�6NHE6TV�;:7<=U@+4>VNSWYG4EOt6NA2;:F+6�SJ4>KL@ 9LHiBD4E;<F 9�7:61v 6N7<6N@ V16

z

�_�

�

€

�

�

} =US:V14>HEHq9�;:=L7�HE=tVx•L6TA ;<= ;<F 6

9LVNV16NHE6N7:9�;<=L7

�

S �AO

n

�8F+6WY 4EOt6P7I=Lrt;:Q+rt;:S�V1=Ur+HqA�M%6 V1=L@%SJ4qAt6P7:6NA ;:= MX6C;<F 6 	J7:6N9LH
�

9L@ A 	J4>Yw9�KU4E@ 9L7<s
�

Q 9L7J;xS

=�vD;:F+6 %

	

�

SJ4>KL@%9�H

n

(Ir+7<4>@+K Q+7<=tAtr%V�;<4>=L@(7<r+@ @+4E@ K ?
;<F 6�YG4EOR6N7

�

SCQ F 9LS<6 B89LSW=��dSJ6P;Wv =L7 6N9UVxF %

	

�

;:=



����� �������������	� !*	����
��	���� ��� � 	��������

�

�

Yw9�Ot4>Y 4>}P6G;:F+6w7:6N9�H5Q%9�7<;C=�v$;<F+6 S<4EKU@ 9�H39L@ A�YG4E@+4>YG4E}N6w;<F 6w4EYw9�KU4E@%9�7:s�Q 9�7<;

n

�8F+6w7<6T9�H39L@ A�4EYw9�KU4E@%9�7:s

Q 9L7J;xS8Bi6N7<6�;<F 6P@ v 6NA 4>@U;:=

c

�

€ M+4E;

�

(

�

�

S

n

�8F+6 %

	

�

7<6TSJ=UHEr+;<4>=L@ B$9UST�

cDe

l

�

Y Q%6N7DQ+r+HqSJ6�Q%9�4>7

n

�8F+6

�

€��	4E@+6-B$9US54E@%S/;:7<r+YG6N@U;:6NA BD4E;<FG;<F 6�M%6T9�Y At4q9�KL@ =USJ;<4qVPS
;:F 9�;3B$6P7:6Dr S<6NA ;<=CVP=L7:7<6TV�;5;:F+6-At6P;<6NV1;<=U7

7x9�;<6�v =U7 & r V�;:r 9�;:4E=U@ S84>@ MX6N9LY Q+7:=LQX6P7<;<4>6NSD9L@ A v =L7DMX6N9�Y 9LS<sRY YG6P;<7:4E6TS

n

�8F+6TSJ6�At4q9�KU@+=USJ;<4qVPS$4>@ V1H>r At6TA

c

n

�8Bi=�Q 9�4>7:Si=�v&;<=U7<=U4>A+SiH>=RVN9�;:6NA 9Wv 6PB Y 6P;<6N7:S$r+Q SJ;<7:6N9LY =�v ;:F+6�;:9L7<KU61;

n

�8F+6I;<=U7<=U4>A S YG6N9USJr 7<6TAw;<F 6

M%6T9�Y

�

Si;:=�;:9LH VxF 9�7:KL6I9�@ A�F+6PH>4qV14E;/sU€ V1=U7<7:6PHq9�;:6NAw4>@ ;<6N@ SJ4E;/s 9LS<sRYGY 6P;<7:s 9�@ A Bi6N7<6�r S<6NA ;<= @+=L7:Yw9�H>4E}N6

;<F+6CAt6P;<6TV�;<6TA�S<VN9�;J;:6P7:6NA & rtO�4>@�VP9LH>VPr+H>9�;<4>@+K ;<F+6C9USJsRYGYG61;:7<s 9UVPV1=U7:A+4E@+K�;<=w6�� r 9�;:4E=U@

l n z+n

z+n

�8Bi=�Q 9�4>7xS&=Lv�%

	

�

�

S

n

�

@ 6$Q%9�4>7"B89LS
H>=tVP9�;<6NA �

z

Y r+Q SJ;<7:6N9�Y =Lv%;:F+6$;:9L7<KU61;39�@ A�YG6N9USJr+7:6NAWM%6T9�Y

Q%= SJ4E;<4>=L@29�;�;:F+6w;x9�7:KL61;

n

�8F+6 S<6NVP=L@ A�Q 9L4E7CB89LS[�

o

�

Y r+Q SJ;<7:6N9LY =�v8;<F 6G;:9�7:KL6P;W9�@ A�Q+7:=�{R4>A+6NA

4E@tv =U7<Yw9�;<4>=L@ =L@ ;<F+6WM%6T9�Y

�

S-9�@+KUHE6C9�;D;<F+6�;x9�7:KL6P;

n

�8F+6TSJ6 %

	

�

�

S�Bi6N7<6ur S<6NA ;:=w7<6NY =�{U6�v 7<=UY ;<F 6

At61;:6NV�;:=L7�S<4EKU@ 9�HdVP=L7:7<6NH>9�;<4>=L@ S$BD4E;<F�M%6T9�Y QX=US<4E;<4>=L@�9�@ A 9�@ KLH>6

n

l n

�

;<F+4>7:A Q 9L4E7 =�v %

	

�

�

S5HE=tVN9�;<6TA�9�;5;<F+6-Y 4qA+AtH>6�=Lv%;:F+6

�

€ � 4>@+6�MX6P@ A ?L=L@ 6DM%6Pv =L7:6�9�@ A =L@ 6�9�v ;<6N75;<F 6

Y =UYG6P@ ;<r+Y € At61Z%@+4E@ KGS<H>4[;xS

n

�8F+6uMX6N9LY Q%= SJ4E;<4>=L@ 4>@�;:F+6�MX6P@ A B89LS${L6N7<s S<6P@ S<4E;<4>{L6�;<=G{�9�7:4>9�;<4>=L@ S$4>@

;<F+6�MX6N9LY 6N@+6P7:KLswv 7:=LY 4[;xSD@+=UY 4>@ 9LH	SJ6P;<QX=L4>@ ;N?%S<= ;<F+6TSJ6u;/B$= %

	

�

�

SDB$6P7:6uY =U@+4E;<=L7xS8=�v";<F 6CM%6T9�Y

6P@+6N7<KUs

n

�8F+6NS<6 %

	

�

�

S-Bi6N7<6Cr%SJ6TA ;<= 7:6PYG=�{L6uv 7:=LY ;<F 6�At6P;<6NV1;<=U7IS<4EKU@ 9�H"V1=L7:7:6PHq9�;<4>=L@%S8BD4[;:F�M%6T9�Y

6P@+6N7<KUs

n

o%n

�

S<s @%VxF+7<=L;<7:=L@ HE4>KLF ;$Y =U@+4E;<=L7

k

	

�

�

p

?R9�HqS<=CHE=tVN9�;<6TAw9�;i;<F+6

�

€ � 4>@+6�MX6P@ Ad?RYG6N9USJr 7<6TA ;<F+6I4E@ ;<6N@ S<4[;/s

=�v�;<F 6�S<sR@ VxF+7:=�;<7:=L@ 7x9LAt4q9�;:4E=U@ 6PYG4E;J;<6TA MRsb;<F+6�MX6N9�Y

n

�

S ;<F+6�4>@U;:6P@ S<4E;/sb=Lv�;<F+6 S<s @%VxF+7<=L;<7:=L@

7:9UAt4>9�;<4>=L@�B$9USDAt4E7:6NV1;<H>s Q+7:=LQX=L7<;<4>=L@ 9LHX;<= ;<F+6WM%6T9�Y 6N@+6P7:KLsU?R;<F+6

	

�

�

Q+7<=�{R4qAt6NA�9�@+=L;<F+6N7DYG6N9LS<r+7:6

=�v	;:F+6�MX6N9�Y 6P@+6N7<KUs

n

�

n

�

BD4E7:6C9�7:7x9|swHE=tVP9�;<6TA �

c

Y r+Q SJ;<7:6N9LY =Lv";:F+6�;x9�7:KL61;

n

�8F+6WBD4E7:6C9�7:7:9|s�V1=L@%SJ4qS/;:6NA =�v
;/B$=wQ+Hq9�@+6TS

=�v

o

�

BD4>7<6TS

k

=L@ 6�7:r+@+@+4>@+K�F+=U7<4>}P=U@U;x9�H>HEs�9�@%A�;:F+6G=�;<F 6P7u{L6N7J;:4>VN9�H>HEs

p�n

�8F+6GBD4E7:6 9L7<7x9|s Q+7<=�{R4qAt6NA�9

Y 6T9LS<r+7:6I=Lv	;<F 6�6PH>6NV�;:7<=U@�MX6N9LY

�

S84>@ ;<6P@%SJ4E;/s Q+7:=�Z%HE6�4E@ ;/B$=wAt4EYG6N@ SJ4>=L@%SD9�@ A�B$9US$r SJ6TA�;<=GYG6N9LS<r+7:6

;<F+6�MX6N9LY SJQX=�;-S<4>}P6�9�@ A =L;<F+6N7DF+4EKUF+6P7<€ =L7xAt6P7$YG=LYG6P@ ;:S

n



����� �������������	� !*	����
��	���� ��� � 	��������

���

��=L;<6G;:F 9�;W6N{L6N7<s M%6T9�Y A+4>9LKL@+= S/;:4>V

k

61O+V16NQt;C;<F 6 BD4E7:6 9�7:7x9|s

p

B89LS�Q%9�7<;C=�v�9�Q 9�4>7C=U7�;<7:4EQ HE6P;

n

�8F+4>S

7:6NAtr+@%A+9�@ VPs B89LS8{U6P7:s 4EYGQX=L7<;:9L@U;

n

~ ;�QX6P7:Y 4E;J;:6NA�r S�;<= VP=LYGQ 9�7:6uYG6N9LS<r+7:6PYG6P@ ;xS8YG9UAt6�MRs @+6N4EKUF MX=L7:4>@+K

At4q9�KU@+=USJ;<4qVPS&;<F%9�; S<6P6$6NS:SJ6N@U;:4>9LHEH>s�;:F+6DS<9LY 68MX6N9LY ? 9�H>HE=�BD4>@+KIY 6T9LS<r+7:6PYG6P@ ;:S
=LvXAt4q9�KU@+=USJ;<4qVi7<6TSJ=UHErt;:4E=U@�9L@ A

7x9�Q+4qAw4qAt6P@ ;<4EZ%VN9�;<4>=L@ =�v	F 9L7:A+B$9L7<6�Q 7<=UM+HE6NYwS

n

~ @�9UA+At4E;<4>=L@ ?R4Ev&9WS<4E@ KLH>6IAt4q9�KU@+=USJ;<4qV�M+7:=L•U6-Atr+7:4>@+KC;:F+6I7:r+@ ?

4E;:SDQ 9L7J;:@+6P7DVP=Lr+HqA M%6�r S<6NA 9�H>=L@ 6�r @U;:4EH&9 VP=L@R{L6N@+4>6P@ ;D=LQ+QX=L7<;<r+@ 4[;/s 9L7<= SJ6I;<=GYw9�•U6u7<6NQ 9�4>7:S

n

�
� ����� � ��$�� � � � ��� $ ��! � # �0$ � ��� $ �'�

	 (I4E;<F+6N7<4>@+K � V1=L4>HqSI9�;-;<F 6�MX6PKU4E@+@ 4E@+K�=�v5;:F+6

�

€��	4E@+6 B$6P7:6Cr S<6NA�;:= YG=tAtr+Hq9�;<6W;<F+6 MX6N9�Y

�

S-QX=US<4E;<4>=L@�9L@ A

9�@ KLH>6 =U@(;x9�7:KL6P;

n

�8F+6P7:6�Bi6N7<6�9 ;<=�;x9�HD=LvI6P4>KLF ; V1=U4EHqS

�

v =Ur+7w6N9UVxF v =U7wY =tAtr H>9�;<4>=L@b4E@b;<F 6�F+=L7:4E}N=L@ ;:9LH

9�@%A {L6P7<;<4qVP9LH3Q+Hq9�@+6TS

n

�8F+6 V1=L4>HqS�Bi6N7<6 S<61; 9�;W{�9�7:sR4E@ K�At4>SJ;:9L@ V16TSuv 7:=LY ;<F+6 %

	

�

�

S�9�@ A29LHEH>=�B$6NA r S�;:=

At6P;<6P7:YG4E@ 6I6NY Q 4E7:4>VN9�H>HEsGBDF+4qVxF�S<61;8=�v"V1=L4>HqS MX6NSJ;8S<Q 9L@+@+6NA ;<F+6uS<Q 9LVP6-=�v&Q%= SJ4E;<4>=L@ 9L@ A 9L@+KLH>6 &%r V�;:r 9�;:4E=U@ S

n

�

=tAtr+Hq9�;:4E=U@�=�v	;:F+6�Q+F 9USJ6�=Lv"9G•RH>sRSJ;<7:=L@�@+6N9L78;<F+6�6N@ A =�v";<F+6C9UVPVP6PH>6P7x9�;<=U78Q+7<=�{R4qAt6NA YG=RA+r+H>9�;<4>=L@�=�v";<F 6

MX6N9�Y

�

SD6P@ 6P7:KLs

n


 ��� 0 9 � ��,<;�,/%D) 9 �

O"4EKUr+7:6

�

n l

S<F+=�B�S"9-S:VxF+6PYw9�;<4qV =Lvt;<F+6(�3@%A

	

;:9�;<4>=L@

�

Hq9|sL=Urt;

n

�

	

�

F+=Lr S<6NA�9�QX=LHq9�7:4EYG6P;<6P7&v =L7"YG6N9USJr+7:4>@+K

;<F 6�6PH>6NV�;:7<=U@hMX6N9LY QX=LHq9�7:4E}T9�;:4E=U@

k

@+=�; S<F+=�BD@

p

? ;:F+6�H>4\� r+4qAbF stAt7:=LKU6P@(;:9�7:KL6P;N?i;<F+6�S<QX6NV�;:7<=UYG61;<6N7N?i;<F 6

� �

HEH>6P7WA+61;<6TV�;:=L7T?
9L@ A29�@Rr+Y�M%6N7W=�v�9LrtOt4EH>4>9L7<s At61;:6NV�;:=L7xSC@+6N6NAt6TA�v =L7W;<F+6 6POtQ%6N7<4>YG6P@ ;

n

�i9LVxF =�v8;<F 6NS<6

V1=UYGQ%=U@+6P@ ;:SD9L7<6�At4qS:V1r S:SJ6TA 4>@ ;<F+6uv =UHEH>=�BD4>@+K S<r+M S<6NV1;<4>=L@ S

n

�
������� � ����������� # � �%$�� � � � $&�'! � �%� ��)

�8F+6 6PH>6NV�;:7<=U@ M%6T9�Y Q%=UH>9L7<4>}N9�;<4>=L@ B89LSwYG6T9LS<r+7<6TA Q%6N7<4>=tAt4qVP9�H>H>s(;:F+7<=Ur+KLF =Lrt; ;:F+6�7:r+@ r S<4>@+Kh9

���

H>HE6N7

QX=LHq9�7:4EYG61;:6P7

n

�8F+6

���

H>HE6N7IQX=LHq9�7:4EYG6P;<6P7-YG9UAt6Wr%SJ6�=�v5Yw9�KL@ 61;<4>}P6TA�4>7<=U@�v =L4>H>SI=�v

z

�

e c

���

�

Y ;:F+4qVx• @ 6NS:S

;<F%9�;3V1=Ur+H>A�MX6$4>@ S<6P7<;<6TAC4>@U;:=�;<F+68MX6N9�Y �/r S/;5r+Q%S/;:7<6T9�Y =�v%;<F+6$;x9�7:KL61;

n

�

S<61;5=�v

�

6PH>YGF+=LHE;<}DVP=L4>H>S"QX=LHq9�7:4E}N6NA

;<F 6-v =U4EHqS

n

�8F+6NsGF 9LA 9WYw9�Ot4EY�r+Y Z 6PHqA =Lv

�

z

KU9�r%S<S�?tS<4EKU@+4EZ%VP9L@U;:HEsGH>6NS:S3;:F 9�@ ;<F+6��

z

���

K 9�r S:S3@ 6P6NA+6NAG;:=

S:9�;<r 7:9�;<6I;<F+6uv =U4EHqS

n

�8F 6 �

�




;x9�7:KL61;8B89LS87:6PYG=�{L6TAGv =L78;:F+6NS<6�YG6N9LS<r+7:6PYG6P@ ;xS

n

�8F+6>�5€

c

���

S<Q%6TV�;:7<=UY 6P;<6N7



����� �������������	� !*	����
��	���� ��� � 	��������

�

�

O"4EKUr+7:6

�

n l

�

�

{L6P7:{R4E6NB =�v";<F 6�61OtQ%6N7<4>YG6P@ ;:9LH SJ6P;<r+Q�4>@�� @ A

	

;:9�;<4>=L@

�

n

v =tV1r S<6NAbS:VP9�;<;<6N7<6TA 6PH>6NV1;<7:=L@ S�=L@ ;:=�9L@h9�r+OR4>H>4>9L7<s At6P;<6TV�;<=U7

k

At4qS<VPr S:SJ6TA MX6PH>=�B

p

;:F 9�; VP=Lr+HqA MX6�4E@ S<6P7<;<6TA

7:6PYG=�;:6PH>s��/r SJ; 4>@Gv 7<=U@U;3=Lv ;<F+6

���

H>HE6N7 At61;:6NV1;<=L7

n

�8F+6�QX=LHq9�7:4E}T9�;<4>=L@ B89LS5YG6N9USJr 7<6TAWMX=�;:F M%6Pv =L7:6�9�@ AG9�v ;<6P7

;<=UKLKUHE4>@+K ;<F+6�S/;x9�;<6�=Lv&;:F+6C4>@ S<6P7<;:9�M HE6uF 9LH[v € B$9|{U6uQ+H>9�;<6C9�;D;<F+6CQX=LHq9�7:4>}P6NA�6PH>6NV1;<7:=L@�S<=Lr+7xV16

k

r%SJ6TA v =U7-S<HE=�B

F+6NHE4qV14E;/sI7:6P{U6P7xS<9LH

p1n

�8F+6 QX=LHq9�7:4>Y 6P;<7:s-YG6N9USJr 7<6NY 6N@ ; B$9US Q+7:=
�/6TV�;<6TAI;<=�F 9|{U6 987:6PHq9�;<4>{L6 r+@ V16N7J;x9�4>@ ;/s-=�v

o

�

n

�8F+6Gr+@ VP6P7<;:9L4E@ ;/s�B$9USuAt=LYG4>@ 9�;:6NA�MRs�S<stS/;:6PYw9�;:4>V�6P7:7:=L7xSP?X4E@%V1H>r At4>@+K ;<F+6GM 9UVx• KU7<=Ur+@ A�S<r+Mt;:7:9UV�;:4E=U@

k

�N€	�

7x9LAt4q9�;:4E{U6D;:9L4EH•? �

c

�

�

=Lvd;<F+6�At61;:6NV1;<6NA 7:9�;<6

p

?U;<F+6 � 6P{ VxFRr+•�64�X6TV�;

k

9CS<YG6N9L7<4>@+KC=Lvd;<F+6

� �

H>HE6N7J€ S:VP9�;<;<6N7<4>@+K

QX6N9�•wAtr 6-;:=C;<7x9�@%SJ{U6P7xSJ6DYG=LYG6N@U;:r+Y =�vd;:F+6�4E@+@ 6P7<€ S<F+6PH>H 9�;<=UYG4>V-6PH>6NV�;:7<=U@ S �

�

�

�

p

?R9L@ A r @ V16N7J;x9�4>@U;/s 4>@ ;<F 6

4>7<=U@ v =U4EH

�

S8Yw9LKL@+6P;<4>}N9�;:4E=U@

n

�
������� �"! � �
! � ��)����'� ����# � $&� �����

�5€

c

���

�

S ;:9L7<KU61; B89LS$9

c

�

�

Y�€ H>=L@+K�HE4O� r+4>A F stAt7:=LKU6P@G;x9�7:KL61;iM+r+4>H[;DMRs

�

9�HE;<6NVxF �

�

�

�

n

�	4\� r+4qAwFRstAt7<=UKL6N@wB$9US

VxF+= SJ6N@Wv =U734[;xS5F+4>KLFG7x9�;<4>=u=�v 6PH>6NV1;<7:=L@ S";:=�@ r%V1H>6P=L@%S

n

�8F+4qS
;:9L7<KU61;3V1=U@U;x9�4>@+6NA�;:F+6DH>9L7<KU6NSJ;5{L=LH>r+YG6D=�v H>4\� r+4qA

FRstAt7<=UKL6N@�6P{L6N7-r S<6NA�v =L7u9wZ+Ot6TAR€ ;x9�7:KL6P;-61OtQX6P7:4EYG6P@ ;

n

O"4>KLr+7:6

�

n o

4>S�9 S:VxF+6PYw9�;<4qVC=�v5;:F+6�;:9�7:KL6P;IAt6TSJ4>KL@

n

�8F+6wH>4\� r+4qA�FRsRA+7<=UKL6P@�& =�B$6NA 4E@29�H>= =UQ�VP=L@ S<4qS/;:4E@+K�=Lvi;:F+6Gvm9�@ ?	;<F+6G;x9�7:KL6P;�VP6PH>H ?"9�F+6N9�;<6N7N?	9L@ A 9 F+6N9�;

61O+VxF 9L@+KL6N7

n

�8F+6�F+6N9�;$6POtVxF%9�@+KU6P7iVP=L@ ;:9L4E@ 6NA 9�V1=UQ+Q%6N7DV1=L4>H%;<F+7:=Lr+KUF BDF+4qVxF F+6NHE4>r+Y

k

9�;

o

�

p

& =�B�S

n

�8F 6



����� �������������	� !*	����
��	���� ��� � 	��������

�

�

O"4EKUr+7:6

�

n o

� �

S:VxF+6NYG9�;<4qVG=�v8;<F 6 HE4O� r+4qA FRstAt7:=LKU6P@ ;:9�7:KL6P;CHE=R=UQ

n

�8F 6wHE4O� r+4>A FRstAt7:=LKU6P@�Y =�{U6NA�H>61v ;C;:=

7:4EKUFU;8;:F+7<=Ur+KLF�;<F 6u;:9�7:KL6P;8VP6PH>H

n

F+6T9�;C61O+VxF 9L@+KL6N7uB$9US�At6NS<4EKU@+6NA ;:=�7<6NY =�{U6Gr+Q�;<=

c

�����

‚

=�v8F+6N9�;�v 7<=UY ;<F 6w;:9L7<KU61;

n

�8F 6 F+6N9�;<6N7�B$9US

r S<6NA�;<=wYw9L4E@ ;:9L4E@ ;:F+6�F+6N9�;�HE= 9LA�=L@ ;<F 6�;:9L7<KU61;�9�;-9GV1=U@ SJ;:9�@ ;�H>6P{U6PHdBDF+6N@�;:F+6CMX6N9LY V1r 7<7:6P@ ;�VxF 9�@ KL6NA

n

�"9�M+H>6

�

n

c

S<r+YGYw9�7:4E}N6NS$;:F+6u;:9L7<KU61;

�

S$=LQX6P7x9�;:4E@+KGQ 9L7:9LYG61;<6N7:S

n

�"9�M HE6

�

n

c

�

�	4\� r+4qA F stAt7:=LKU6P@ ;:9�7:KL6P;DQ 9�7x9�YG61;:6P7xS

n

�

9�O

n

�

6N9�;��	=U9LA

�

%$6N9�Y

�����

‚

�

6T9�;�� 6T9�•tS

z

���

‚

	

r+YGQ+4>@+K

c

���

‚

� 6N@+K�;:F

c

n

�

Y

�8F+4qVx• @ 6NS:S

�

n

c

�W7:9UA

n

HE6N@

n

�5=LH>r+YG6�=�v��

�




���

�

�	6NYGQ%6N7:9�;<r+7:6

c

�

�

O"HE=�B ��9�;:6

c

�

Y

y

S

�D6PsR@+=UH>A S ��r+Y�M%6N7

c

�

�

(-6N@ S<4[;/s�O&H>r V1;<r 9�;<4>=L@ S �

c

���

Q+Q+Y

y

Q+r H>S<6

�8F+6�;:9L7<KU61;�9LM S<=L7:M%6TA

�����

‚

=Lv QX=�Bi6N7-v 7:=LY ;:F+6GM%6T9�Y 9�@%A�sL6P;�4E;�B$9US-7:6�� r+4>7:6NA�;:=�F 9|{U6�At6N@ S<4[;/s

& r V1;<r 9�;<4>=L@ S MX6PH>=�B ;<F+6

c

�

��


HE6N{L6PH8S<= 9LS�@+=L;�;:=�S<4EKU@+4EZ%VP9L@U;:HEs2At6NKL7x9LAt6 ;<F+6�S/;x9�;:4>SJ;<4qVP9LHiQX=�Bi6N7�=Lv�;<F 6

YG6N9USJr+7:6PYG6N@U;

n

�8F+6�•L6Ns A+6NS<4EKU@ v 6N9�;:r+7:6 v =L7GS<r+Q+Q+7:6NS:SJ4>@+K�A+6P@ S<4[;/s & r%V�;<r%9�;<4>=L@%SWB89LS�9�S<6P7:4E6TSC=�v�6N4EKUF ;



����� �������������	� !*	����
��	���� ��� � 	��������

� c

O"4EKUr+7:6

�

n

�

�

�3O+9�YGQ+H>6NS5=LvX;:F+6�BD4>7<6DYG6TSJF At4qS<•RSiSJQ%9LV16TAG9�H>=L@+K�;<F 6-H>6P@+KL;<Fw=�vX;<F 6-H>4\� r+4qAGFRsRA+7<=UKL6P@�;:9L7<KU61;

n

BD4>7<6P€•YG6NS<F At4>S<•tSCS<Q 9LVP6NA 9�H>=L@+K ;:F+6w;:9L7<KU61;CV16NHEH

�

SCH>6P@+KL;<F 4E@2=U7:A+6P7u;<=�4>@ ;<7:=tAtr V16 9 ;:7:9L@ S<{L6P7xS<6�{U6PH>=RVP4[;/s

V1=UYGQ%=U@+6P@ ;-9�@%A KU6P@+6N7:9�;<6�;<r+7:M+r+H>6P@ ; & =�B 9�;-9GS<4E}N6CS<VN9�H>6uVP=LYGQ 9L7:9LM+HE6I;<=G;:F+6�MX6N9�Y At4q9�YG61;:6P7

n

O+=Lr 7D=�v

;<F 6-BD4>7<6P€•YG6NS<FwAt4qSJ•tS 9L7<6-Q+4>V1;<r+7:6NAG4>@ O"4>KLr+7:6

�

n

�

n

(I6P@ S<4[;/s & r V1;<r 9�;<4>=L@ SiAtr+6-;<=�;:F+6-4>@ Atr VP6NAG;:r+7:M+r+H>6P@ VP6

B$6P7:6�V1=U@ S<6P7:{|9�;<4>{L6NHEs�6NSJ;<4>Yw9�;<6TA2;:= MX6�MX6PH>=�B ;:F+6

c

�

���

H>6P{L6NH �

�
� �

n

(I6P@%SJ4E;/s & r V1;<r 9�;<4>=L@ SGAtr+6�;<= ;<F 6

6PH>6NV1;<7:=L@wMX6N9LY B$6P7:6-SJ;<r A+4E6TA MRs�H>=R=L•R4>@+KW9�;i;<F+6I7<6TSJ4qAtr 9LH%VP=L7:7<6NH>9�;<4>=L@GM%6P;/Bi6N6P@w;:F+6

� �

H>HE6N7iAt6P;<6TV�;<=U7i9L@ A

H>r+YG4E@+= SJ4E;/s2YG=L@+4E;<=U7�7x9�;:6NS 9�v ;:6P7 7<6NY =�{R4>@+K 9LHEH8V1=U7<7:6PHq9�;:4E=U@ SCBD4E;<FhM%6T9�Y Q+7:=LQX6P7<;<4>6NS

n

�

@hr+Q+QX6P7GHE4>YG4[;

=L@�At6N@ S<4[;/s & r V�;:r 9�;:4E=U@ S�Atr 7<4>@+Kw@+=U7<Yw9�HdQ F stS<4>VNS/€ 7:r+@+@+4>@+KGV1=L@%At4[;:4E=U@ S

k

c

z

�

�

}�7<6NQ%6P;<4E;<4>=L@�7x9�;<6U?

�

�

c

�

� �

6PH>6NV1;<7:=L@ S

y

Q r+H>S<6u9�;

o

�

�

6 � ?+9�@%A

c

YGY ��� �uM%6T9�Y 7x9LA+4Er S

p

�

�

�

�

=Lv

�

�

Q+Q Y B89LSDS<61;

n

�

@ 9LHEr+YG4>@Rr+Y S:VP9�;J;<6N7<4>@+K2VxF 9LYWMX6P7wF+6NH>A 9�; {|9UV1r+r Y

k

;:=2Q+7:6P{L6N@ ;GB89�7:YG4E@ K A+r+6�;<= VP=L@ Atr%V�;<4>=L@

p

F+=Ur SJ6TA�;<F 6�;x9�7:KL6P;IH>= =UQ

n

�8F+6�;:9�7:KL6P;IH>=R=LQ�B89LSIYG=Lr+@ ;<6TA�S<= ;:F 9�;u4[;�V1=Ur+HqA�MX6�H>4[v ;:6NA =Lrt;u=�v ;<F+6 M%6T9�Y

Q 9�;<F(MRs 7:6PYG=�;:6�V1=U@ ;<7:=LH

n

�8F+6�S<VN9�;<;<6P7:4>@+K�VxF 9LYWMX6P7G9�HqSJ=�V1=L@ ;x9�4>@+6NA29�;:9LM+HE6�F+=LHqAt4>@+K S<6P{U6P7x9�H$VP9�7:MX=L@

;:9L7<KU61;xS�;<F 9�;WBi6N7<6wr%SJ6TA�v =U7WS<Q%6TV�;<7:=LYG6P;<6P7�9�@ A At6P;<6NV1;<=U7WS/;:r At4>6NS

n ‚

F+6N@ ;<F+6 HE4O� r+4>A FRstAt7:=LKU6P@ ;:9�7:KL6P;

B89LS�HE4Ev ;<6TAbVPHE6T9�7 =�vI;<F+6 M%6T9�Y�?3;:F+6 ;:9LM+HE6�V1=Ur+HqAhS<HE4qAt6 F+=L7:4>}P=L@ ;x9�H>HEs�;<=�M+7:4E@ K�9L@ s2=U@+6 =�v�;:F+6�VP9�7:MX=L@

;:9L7<KU61;xS34>@U;:=WQX=US<4[;:4E=U@

n

~ @ ;<6P7:H>=RVx•tS 6P@ S<r+7:6NAG;:F 9�;8=L@+H>sG=L@+6I=�vd;:F+6-;x9�7:KL6P;:S � 6P4E;<F 6P73;:F+6-H>4O�Ur 4>A F stAt7:=LKU6P@w=U7

=L@ 6�=Lv&;:F+6CVP9L7<MX=L@ ;:9L7<KU61;:S �RVP=Lr+HqA MX6�4>@�;:F+6�MX6N9�Y 9�;D=L@ 6I;:4EYG6

n

�

�	9�MR{R4>6PB8€ M 9LS<6NA (

�

) Y =U@+4E;<=L7:6NA�9�@ A�V1=U@U;:7<=UHEH>6NA Q+7<=UQ%6N7J;:4E6TS =Lv	;:F+6-;x9�7:KL6P;

n

�8F+6 (

�

) At4qSJQ H>9|sU6NA

9�@ r YWMX6P7D=�v	;<6PYGQX6P7x9�;:r+7<6u9�@%A Q+7:6NS:S<r+7<6IYG6N9LS<r+7:6PYG6P@ ;xS ;x9�•U6P@�9�;8S<6P{U6P7x9�HXQ%=U4E@ ;xS$9L7<=Ur+@ A ;<F+6uH>= =UQ�9L@ A

V1=R=UHE4>@+KuHE4>@+6TS 9�@%A VP=L@ ;<7:=LH>H>6NAW;<F+6�QX=�B$6P73S<61;J;:4E@ KC=�vX;<F+6-F+6N9�;<6P754>@w=L7xAt6N7
;<=�•L6N6PQ ;<F 6D;:9L7<KU61;
;<6NY QX6P7x9�;:r+7:6

SJ;:9�M HE6�9�;D;:F+6

�

�

c

€

�

H>6P{U6PH

n



����� �������������	� !*	����
��	���� ��� � 	��������

�

z

���������
	���


Beam

Target

Photon
Collimators

Dipoles

Quadrupoles

Momentum
Collimator

Holey
Collimator

58 m

14 GeV

forward e-p

25 GeV

e-p

0 cm

20 cm
30 cm

pr imary beam, photons

O"4EKUr+7<6

�

n �

� �

;:=LQt€ {R4E6NB S:VxF+6PYw9�;<4qV-=Lv&;:F+6�H>9|sU=Lrt;8=�v";<F 6>�5€

c

���

SJQX6NV1;<7:=LYG61;:6P7

n

�
������� 
 � ��������� �6�����%� $ # � � � � ��! � $ ����� �

�5€

c

���

r SJ6TA 9�SJQX6NV1;<7:=LYG61;:6P7�;:F 9�;�B$9USCAt6NS<4>KL@+6TA�S<QX6NV14EZ%VN9�H>HEs v =L7�;:F+4qSC61OtQX6P7:4EYG6N@U;

n

~ ;WB$9US�=LQ+;<4>Y 4>}P6TA

v =L7�;<F+6 At61;:6NV�;:4E=U@�=�v
{L6N7<s v =L7:B$9L7:AR€ 9�@ KLH>6

k

�

n z

� �q€

�

n o

c

�

p

� �

H>HE6N7-S:VP9�;<;<6N7<4>@+KwBD4E;<F�S<r+Q+Q+7:6NS:SJ4>=L@�=Lv"Q+F =�;<=U@

9�@%A �N€ � 6NH>9US/;:4>VI9�@ AG4>@+6NH>9US/;:4>V-M 9LVx•RKL7:=Lr @ A+S

n

�

S:VxF+6NYG9�;<4qV�=Lvd;<F+6�SJQX6NV1;<7:=LYG61;:6P7 4qS$SJF+=�BD@w4>@ O"4>KLr+7:6

�

n � n

�8F+6CS<Q%6TV�;:7<=UY 6P;<6N7$7x9�@�;<F 6�6P@ ;<4>7<6uH>6P@+KL;<F�=�v/�

	

�

9L@ A 4E@%V1H>r At6NA

c

n

��=�4>7<=U@�;:F 9�;iY 4>KLF ; MX6-SJ;<7:r Vx•WMRs�6P4E;<F+6N73;<F 6-S<VN9�;<;<6P7:6NA =U75;<F+6-Q+7<4>Yw9�7:sCMX6N9�Y

n

�3H>6NV1;<7:=L@ S5S:VP9�;J;:6P7<€

4E@+K�=���QX=LHq9�7:4E}N6NAw4>7:=L@ BD4E;<F+4>@�;<F+6uSJQX6NV1;<7:=LYG61;:6P78B$=Lr+HqA At=GSJ= BD4E;<F�9�{L6N7<sGHq9�7:KL6�6NHE6TV�;:7<=UYG9LKL@+6P;<4qV

9LS<s YGYG61;:7<s

n

z+n

�

A+4EQX=LH>6CVxF+4qVP9�@ 6Iv =U7�SJr Q+Q+7:6NS:SJ4>=L@�=�v"S<=�v ;

k

HE=�B8€ YG=LYG6P@ ;:r+Y

p

M%9LVx•RKL7:=Lr+@%A+S

n

�8F+4qSDVxF+4qVP9�@ 6L?tBDF+4qVxF

r SJ6TA�;:F+7:6P6 At4>Q%=UHE6wYw9LKL@+6P;:S

k

VN9�H>HE6TA (

c

? (

z

?&9L@ A (

l p

?	7:6NA+4E7:6NV1;<6NA�;<F 6wQ+7<4>Yw9�7:s�6PH>6NV1;<7:=L@�M%6T9�Y

9�@ A�9�H>HE=�B$6NA�V1=LH>H>4EYw9�;:4E=U@ =Lv ;:F+6GF+4EKUFt€ Q%=�B$6P7uQ+F+=L;<=U@ MX6N9LY KL6N@+6P7x9�;:6NA�MRs�;:F+6 ;:9L7<KU61;C9�H>=L@+K�;<F 6

M%6T9�Y 9�Ot4qS

n

�8F+6�VxF+4qVP9�@ 6�9�HqS<=�6PH>4EYG4>@ 9�;:6NA(HE=�B8€ 6P@+6N7<KUs 6NHE6TV�;:7<=U@ SW9L@ A QX=US<4[;:7<=U@ S

n

�8F+6�VxF+4qVP9L@+6

B$9US-At6TSJ4>KL@+6TA�;<= 9|{L=U4>A�V1=UHEH>4>YG9�;<4>@+K ;:F+6

� �

H>HE6N7 & r+O�9L@ A�B89LS-;<r+@ 6NA�;:=�Q+7:6NS<6P7:{L6u;:F+6G9�}P4>YWr+;<F 9LH

SJsRYGYG61;<7:s =�vd;<F 6IS:VP9�;<;<6N7<6TA & rtO

n

�8F+6I9L}P4>YWrt;:F 9�H SJsRYGYG61;:7<s B$9US34>YGQ%6N7Jv 6TV�;8HE6T9|{ 4>@+Ku;:F+6�VxF 4>VN9�@+6U?

M+rt;8B$9USiVP=L7:7<6TV�;<6TAwMRsG;<F+6�Hq9LSJ;=� r 9UAt7<r Q%=UHE6IYG9LKL@+6P;N?tAt4qS<VPr S:SJ6TAwM%6NHE=�B

n

�8F+6uVxF+4qVP9L@+6IKU6P@+6N7:9�;<6TAw9

SJB89�;:F�=Lv"S<s @%VxF+7<=L;<7:=L@�7:9UAt4>9�;<4>=L@�4E@ ;<F 6�F+=L7:4E}N=L@ ;:9LH Q+H>9L@+6�;<F 9�;�@+6P6TAt6NA�;:= MX6CV1=UHEH>4>YG9�;<6TA

n

l n

	

F+=L;<=L@hV1=LH>H>4EYw9�;:=L7xSC;:F 9�;wM+H>=tVx•L6TA2HE4>@+6�=�v�SJ4>KLF ;GM%6P;/Bi6N6P@h;<F+6�;:9L7<KU61;w9�@ A ;<F+6

� �

HEH>6P7wAt6P;<6NV1;<=U7



����� �������������	� !*	����
��	���� ��� � 	��������

�

l

O"4EKUr+7:6

�

n

�

� 	

F+=�;:=LKU7:9LQ+Fw=�v&;<F+6uYG=LYG6P@ ;:r+Y VP=LH>HE4>Yw9�;<=U7

n

�8F+6uYG=LYG6P@ ;:r+Y V1=UHEH>4>YG9�;<=U7iQ 9US<S<6NS$6NHE6TV�;<7:=L@%S

9�7:6u7:9UAt4>4dM%6P;/Bi6N6P@ �W9L@ A

c

z+n

�

V1Y v 7<=UY ;<F+6�MX6N9LY 9�OR4qS

n

9�@ A�;<F 6�HEr+YG4>@+=US<4E;/s YG=L@+4E;<=U7

n

�8F+6P7:6�B$6P7:6I;/B$=GQ+F+=L;<=L@�VP=LH>HE4>Yw9�;:=L7xSP?R6N9UVxF�9

o

�

€ 7x9LAt4q9�;:4E=U@t€•H>6P@ K�;<F

;<r+@+K S/;:6P@�V1sRH>4E@%At6P7-VP6P@ ;<6N7<6TA =L@ ;<F+6WM%6T9�Y 9�Ot4>S

n

�

@+6�B89LS�HE=tVP9�;<6TA�MX61;/B$6P6N@ (

c

9L@ A (

z

9L@ A ;<F 6

=�;<F 6P7�9�;8;:F+6CAt=�BD@ SJ;<7:6N9LY 6P@ A =�v (

ztn

o%n

�8F+6�Y =UYG6P@ ;<r+Y V1=UHEH>4EYw9�;<=L7T? )

�

c

%

n

�8F 4>S VP=LH>HE4>Yw9�;:=L7wAt61Z%@+6NAh;<F 6�Y =UYG6P@ ;<r+Y 9LVPVP6PQt;x9�@ VP6�=�v

;<F+6�SJQX6NV1;<7:=LYG61;:6P7

n

~ ; B$9US Yw9LA+6�=�v�;/B$=hVP=L@ VP6P@ ;<7:4qV�V1sRH>4E@ A+6P7xSP?-VP=L@+@ 6NV�;:6NA M s S<Q%=U•L6TS 4>@ ;<F 6

F+=L7:4E}N=L@ ;:9LH%Q H>9L@+6�9US8SJF+=�BD@�4E@5O"4EKUr+7:6

�

n

�

n

)

�

c

%bB$9US

o

�

7x9LA+4>9�;<4>=L@ H>6P@+KL;<F Si;:F+4>Vx• ?+S<Q+H>4[;D7:=Lr+KUF+HEs

6�� r 9�H>H>s�M%6P;/Bi6N6P@GV1=LQ Q%6N7

k

v 7<=U@ ;
F%9�HEv

p

9�@ AW;<r @+KUSJ;<6N@

k

M 9LVx•CF%9�HEv

p�n

~ ;5Q 9LS:S<6NA

���

H>HE6N756PH>6NV�;:7<=U@ S"BD4[;:F

Y =UYG6P@ ;:9u4>@w;<F 6�7:9L@+KL6

c

l

e

z

�

�

6 � 9�@ A �N€ � 6PH>6NV1;<7:=L@ S5BD4E;<F Y =UYG6P@ ;:9u=Lv��

o

�

�

6 �

n

O"4EKUr+7:6

�

n

�

SJF+=�B�S
9uS<4EY�r+H>9�;<6TA�Q 7<=LZ HE68=Lv ;<F 6

� �

H>HE6N739�@ A �N€ � &%rtOt6NS59LS59Iv r+@%V�;<4>=L@w=LvXAt4qSJ;:9�@%V168v 7:=LY ;:F+6DM%6T9�Y

9�Ot4>S

n

)Ir 9LA+7<r+QX=LH>6�YG9LKL@+6P;:SDAt=�BD@%S/;:7<6T9�Y =�v
)

�

c

%b;:F+6P@�S<6PQ%9�7x9�;<6TAw;:F+6

� �

H>H>6P7�9�@%A��N€ � &%rtOt6NS

n

�

n

	

sR@ VxF+7:=�;<7:=L@�V1=LH>H>4EYw9�;:=L7xS3;:=�M HE=tVx•w;:F+6uM+7<= 9LA S<B89�;<F =�v"SJsR@ VxF+7:=�;:7<=U@ 7x9LAt4q9�;:4E=U@ 4>@ ;:F+6uF+=L7:4E}N=L@ ;:9LH

Q+H>9L@+6

n

~ v ;:F+6I6NHE6TV�;:7<=U@wM%6T9�Y F 9LA 9�;<7x9�@%SJ{U6P7xSJ6DQX=LHq9�7:4E}T9�;:4E=U@ V1=LYGQX=L@+6N@ ;N? 4[;DV1=Ur+H>AwVP=Lr+Q HE6-;<=WYG4qS/€

9�H>4EKU@+YG6P@ ;i=Lv ;<F+6�At4>QX=LH>6IYw9�KU@+61;xSi9L@ A 4>@ Atr%V16�9CF+6NHE4qV14E;/s € VP=L7:7<6NH>9�;<6TAw9LS<s YGYG61;:7<sG4>@ ;:F+6�4E@ ;<6N@ S<4[;/s

=�v�;:F+6�SJsR@ VxF+7:=�;:7<=U@ 7x9LAt4q9�;:4E=U@

n

�8F+6�SJsR@ VxF 7<=L;<7:=L@(VP=LH>HE4>Yw9�;<=U7:S�B$6P7:6�At6TSJ4>KL@+6TA2;:= S<r+Q+Q 7<6TS<S�;<F 6



����� �������������	� !*	����
��	���� ��� � 	��������

�

o

SJsR@ VxF+7:=�;:7<=U@w7:9UAt4q9�;<4>=L@wM%9LVx•RKL7:=Lr+@%Aw9�;$;<F+6�At6P;<6NV1;<=U7iMRs 9�vm9UV�;:=L78=�v

c

���

n

�8F+6uS<Q%=U•L6NS$S<r+Q+QX=L7<;<4>@+K

;<F+6w4>@+@+6N7C7<4>@+K�=�v*)

�

c

% M+HE=tVx•U6NA YWr VxF =�v$;<F 6 SJsR@ VxF+7:=�;:7<=U@�7x9LAt4q9�;:4E=U@ ? M+r+;�SJ=UYG6 H>4>KLF ;CQ 9LS:S<6NA

;<F+7:=Lr+KUF )

�

c

%

�

SCV16N@U;:7:9LH F+=UHE6

n

�

A At4[;:4E=U@ 9�H8S<Q%=U•L6NSWM%=L;<F2v =UHEH>=�BD4>@+K�;<F 6 Hq9LSJ;J� r 9LAt7:r+QX=LH>6 Yw9�KL€

@+61;C9�@%A YG=Ur+@ ;<6NA�;<= ;:F+6Gv 7<=U@ ;�vm9UV16G=�v$;<F 6GA+61;<6TV�;:=L7�M+H>=tVx•L6NA�;<F 6w7<6NYG9L4E@ 4E@+K 7x9LAt4q9�;:4E=U@

n

�8F 6NS<6

At=�BD@ SJ;<7:6N9�Y SJQX=L•U6NS
B$6P7:6DHE=tVP9�;<6TA�4>@G;<F 6-SJF%9LAt=�Bh=�v )

�

c

%(S<=u;<F%9�;34E; 7<6NYw9�4>@+6NA�;<F 6�YG=LYG6P@ ;<r Y�€

At61Z @ 4E@+K VP=LH>HE4>Yw9�;:=L7

n

�3H>6P{U6P@�QX6P7xV16P@ ;�=Lv";:F+6

� �

HEH>6P7 & rtO�B$9US8HE= S/;IA+r+6�;<=G;:F+6WS<sR@ VxF+7:=�;<7:=L@�V1=UHEH>4E€

YG9�;<=U7:S

n

� n

�8F+6 	

�

=UHE6Ns � V1=LH>H>4EYw9�;:=L7T? )

�

c

�

?R9 SJ4>@+KLH>6-7:4>@+KW;:F 9�;8B89LSi7<6NY =L;<6NHEsw4>@ S<6P7<;:9�M HE6�9�@ A Z HEH>6NA ;<F+6uK 9�Q

M%6P;/Bi6N6P@�;:F+6w4>@+@+6P7�9L@ A�=Urt;<6N7u7<4>@+KUS�=Lv ;<F 6 YG=UY 6N@ ;<r+Y V1=LH>H>4EYw9�;:=L7

n

)

�

c

�

B89LS�r S<6NA�;<=�S/;:r Ats

;<F+6 �N€	� 4E@ 6PHq9LSJ;<4qV & r+O�9�@ A YG6N9LS<r+7:6�;:F+6u6PH>6NV�;:7<=U@ MX6N9LY Q%=UH>9L7<4>}N9�;<4>=L@

n

�	=GSJ;<r Ats ;<F+6 �N€ � 4E@ 6PHq9LSJ;<4qV

& rtOd?	4E;WF 9UA�v =Ur+7CF+=UHE6TS

k

c

VPY




p

H>=RVN9�;:6NA

�

�

�$9�Q 9L7J;C9�@%A�9�;WAt4 �X6N7<6N@U;C7x9LA+4E4

n

� 9UVxF F =LH>6G9LHEH>=�B$6NA

=L@+H>sw9�S<Yw9�H>HXYG=UY 6N@ ;<r+Y M 4[;:6-;:= 7:6N9UVxFw;<F 6�At6P;<6TV�;<=U78Q+H>9L@+6L?R7:6NS<r+HE;<4>@+K�4>@ 61O+V16NHEH>6P@ ;$S<6PQ%9�7x9�;<4>=L@ =�v

;<F+6

� �

H>H>6P7D9�@ A��N€	� 6PHq9LSJ;<4qV-QX6N9L•tS

n

�8F+6u7:6PYw9�4>@+4>@+K & r+O M%6P;/Bi6N6P@ ;<F+6uQX6N9�•tS$B89LS$Atr+6�;<= 4E@ 6PHq9LSJ;<4qV

�P€	�bS:VP9�;J;:6P7:4E@+K

n

�8F+6NS<6�YG6T9LS<r+7<6NYG6P@ ;:S�=�v�;:F+6�4E@ 6PHq9LSJ;<4qV��N€ � & rtOb9LS 9�v r+@%V�;<4>=L@b=�vI7:9UAt4Er%SWB$6P7:6

@+6NVP6NS:S<9L7<s�;:=�9LQ+Q+H>s 9L@ 9UVPVPr+7:9�;<6 M 9LVx•RKU7<=Ur+@ A�VP=L7:7<6TV�;:4E=U@

n

�8F+6P7:6GBi6N7<6w9�HqS<=�;/B$=�=L@+6P€•4>@ VxFt€ BD4qAt6

F+=LH>6NSuH>=tVP9�;:6NA 4E@�;:F+6w{L6N7J;:4>VN9�H
Q+Hq9�@+6G;:F 9�;CB$6P7:6�r%SJ6TA�S<4>Y 4>Hq9�7:HEs�;:=�SJ6NQ 9�7x9�;:6�;:F+6

� �

HEH>6P7�9�@%A �N€	�

& rtOt6NS$v =U7DY 6T9LS<r+7:4E@+K�;<F 6�6PH>6NV�;:7<=U@�MX6N9LY QX=LHq9�7:4E}T9�;:4E=U@

n

�

n

O+=Lr 79�Ur%9LAt7:r+QX=LH>65YG9LKL@+6P;:S ;:F 9�; B$6P7:65r S<6NAI;<=�S<6PQ%9�7x9�;<6";:F+6

� �

HEH>6P7	9L@ A �N€ � & rtOt6TS

n

�8F+6d� r 9LAt7:r+QX=LH>6

YG9LKL@+6P;:S$B$6P7:6IH>=tVP9�;:6NA�4EYGYG6NA+4>9�;<6PH>s At=�BD@%S/;:7<6T9�Y =�v#)

�

c

% 4>@�=L7xAt6P7i;<=GYw9�Ot4>Y 4>}P6�;:F+6CAt7:4[v ;�At4qS/€

;:9�@%V16$;<=u;:F+6�At61;:6NV1;<=L7

n

�8F+6DYw9�KL@ 61;5Q%= SJ4E;<4>=L@%S39�@ A�Z 6NH>AGSJ;<7:6P@+KL;<F S
B$6P7:68=LQt;:4EYG4>}P6TAW;:=CSJ4>YWr H[;x9�@+6P€

=Lr S<HEsWYG9�Ot4EYG4>}P6$;<F+6�S<6PQ%9�7x9�;<4>=L@�M%6P;/Bi6N6P@ ;<F 6

� �

H>HE6N739�@ A �N€	� & r+OR6TS39�@%AWYw9�4>@ ;:9L4E@�;<F+6I9�}P4>YWr+;<F 9LH

SJsRYGYG61;<7:s�=LvD;<F+6 & rtOt6NS

n

�8F+6 � r 9UAt7<r Q%=UHE6TS

�

v =RVPr S<4E@+K�B$9US�Q+7:=LQX=L7<;<4>=L@ 9LH
;<=�;:F+6 6N@+6P7:KLs =�vD;<F 6

Q 9�7<;<4qV1H>6NS5Q%9LS:SJ4>@+K�;:F+7<=Ur+KLFG;:F+6PY�?t9�@%A SJ=C;<F+6IHE=�B$6P7<€•6N@+6P7:KLs

���

H>HE6N7#& rtOwB89LS YWr VxFwYG=L7:6-SJ;<7:=L@+KUHEs

v =RVPr S<6NA ;<F 9L@�;<F+6 �N€	� & rtO

n

O"4>KLr+7:6

�

n

�

SJF+=�B�SuYG6T9LS<r+7<6NYG6P@ ;:Su=Lvi;:F+6 7x9LAt4q9�H5Q+7:=�Z%HE6G=�v$;<F 6�& rtO

9�;-;:F+6GAt61;:6NV�;:=L7�Q+Hq9�@+6Wv =L7I;<F+6E� r 9LAt7:r+QX=LH>6WYw9�KU@+61;xS-=��

k

9

p

9�@ A�=L@

k

M

p�n�‚

4E;<F�;<F+6E� r 9LAt7:r+QX=LH>6

YG9LKL@+6P;:S5=��"? 9CS<4E@+KUHE6DQX6N9L•C;:F 9�; 4>@ VPHEr A+6NS3MX=�;:F

� �

H>H>6P7 9L@ A �N€ � 6NHE6TV�;<7:=L@%S54>S3{ 4qS<4EM+H>6-VP6P@ ;<6N7<6TA�=U@w9



����� �������������	� !*	����
��	���� ��� � 	��������

�

�

O"4>KLr+7:6

�

n

�

�

� �

HEH>6P7<€ 9�@ A �N€ � € S:VP9�;J;<6N7<6TA 6NHE6TV�;:7<=U@�Q+7:=�Z%HE6TS$9�;D;<F+6C9UVPVP6PQt;x9�@ VP61€ At61Z @ 4E@+KGV1=UHEH>4>YG9�;<=U7

n

7:9UAt4Er%S3=�v"�

l

�

V1Y

n

�8F+4>SiQ+7:=�Z H>6-H>=R=L•tS � r 9LHE4E;:9�;<4>{L6NHEs HE4>•L6-;<F+6�SJr Y =�vd;<F 6

� �

HEH>6P789�@ A �P€	� Q+7:=�Z%HE6TS

4E@ O"4>KLr+7:6

�

n

�

?X9�H>HE=�B$6NA ;<= At7:4[v ;�;:=w;<F 6�At6P;<6NV1;<=U7-Q+Hq9�@+6

n

O&4>KLr 7<6

�

n

�

M�SJF =�B�S8;<F+6WQ+7<=LZ H>6CBD4[;:F�;<F 6

�Ur%9LAt7:r+QX=LH>6NS�=U@

�

;/Bi=�Q%6T9�•tSW9L7<6 @ =�B {R4qSJ4>M+H>6L?5BD4E;<F2;:F+6 4>@+@+6N7�QX6N9L• M%6N4E@+K Q+7:6NAt=UY 4>@ 9L@U;:HEs ;<F 6

� �

H>HE6N7J€ S:VP9�;<;<6N7<6TA�6NHE6TV�;:7<=U@ SI9L@ A�;:F+6�=Urt;<6N7IQX6N9L•�;<F+6 �N€ ��6PH>6NV1;<7:=L@ S

n

�8F 6WM+H>r+6G9�@ A�KL7:6P6P@�M%9�@ A+S

4E@ A+4>VN9�;<6I;<F 6�7x9LA+4>9LH 9UVPVP6PQt;x9�@ VP6I=Lv ;<F+6�At6P;<6TV�;<=U7:Siv =U78;<F+6

� �

HEH>6P789�@ A �N€ ��6PH>6NV1;<7:=L@ SN?R7<6TSJQX6NV1;<4>{L6NHEs

n

�

n

�

At7:4[v ;
7:6PKL4>=L@uv 7:=LY ;:F+6�� r 9UAt7:r+Q%=UHE6 YG9LKL@+6P;:S	;<=-;<F+6i;<F+6$At61;:6NV1;<=L7

n

�8F 6$At7:4Ev ;&7:6PKL4>=L@�B89LS&6P@%V1H>=US<6NA

4E@�9GM%6T9�Y Q 4EQX6�F+6PHqA r+@ At6N7�{�9LVPr+r+Y 4>@ =L7xAt6P78;:= Q 7<6N{L6P@ ;8;<F 6�M%6T9�Y � r 9LHE4E;/swv 7:=LY A+6PKL7x9LA+4E@+K

n

�
����� � ��������������� �

�5€

c

���

r S<6NA 9I@ r YWMX6P75=�vXAt61;:6NV�;:=L7xS";<=�Yw9�•L6$MX=�;<F ;:F+68Q+7<4>Yw9�7:s�Q+FRstSJ4qVPS"YG6N9USJr+7:6PYG6N@U;59LS"B$6PH>H+9LS
S<6P{L6N7:9LH

@+6TV16NS:S:9�7:s 9LrtOt4EH>4>9L7<s YG6N9USJr+7:6PYG6N@U;xS

n

�8F+6TSJ6�At61;:6NV�;:=L7xS B$6P7:6D;:F+6

���

H>HE6N7$At6P;<6TV�;<=U7N? ;:F+6 �N€	��At6P;<6NV1;<=U7N? ;<F 6

Q+4>=L@�At61;:6NV�;:=L7T?X;<F+6 Q+7:=�Z H>6�At6P;<6TV�;<=U7:SN?X;<F+6GQX=LHq9�7:4EYG6P;<7:s At6P;<6TV�;<=U7N? 9L@ A�;:F+6GHEr+YG4>@+=US<4E;/s YG=U@+4[;:=L7

n

�8F+6Ps

9�7:6�SJF =�BD@�S:VxF+6PYw9�;:4>VN9�H>HEs 4E@BO"4EKUr+7:6

�

n

c

�

9L@ A At6NS:V17:4EMX6NA 4>@ ;<F+6uv =UHEH>=�BD4E@ K S<6NV1;<4>=L@ S

n



����� �������������	� !*	����
��	���� ��� � 	��������

�

�

(a) (b)

O"4EKUr+7:6

�

n

�

�

�

6T9LS<r+7:6NA 6NHE6TV�;:7<=U@hQ+7:=�Z%HE6�9�;G;<F 6�A+61;<6TV�;:=L7wQ+Hq9�@+6

n k

9

p

)Ir 9UAt7<r Q%=UHE6 Yw9�KL@ 61;:S =��

n k

M

p

)Ir 9UAt7<r Q%=UHE6DYw9�KU@+61;xS3=U@

n

�8F+6�M+H>r+6I9L@ AGKL7:6P6N@wM 9�@%A+S34>@ At4qVP9�;<6�;:F+6-7x9LA+4>9LH 9LVNV16PQ+;:9�@%V16�=LvX;:F+6IA+61;<6TV�;:=L7xS

v =L7

���

H>HE6N7�9�@ A �N€	��6PH>6NV1;<7:=L@ SN?t7:6NS<Q%6TV�;<4>{L6NHEs

n

Scale (cm)
Beam Axis

�����

uum

Air

Movable
���	��


ile Detectors Insert able
Polar imetr y

Detector

Moller
Detector

e-p
Detector

Pion
Detector

Luminosity
Monitor

0

40

Shielding

O"4EKUr+7:6

�

n

c

�

�

�	9|sL=Urt;u=�v3;:F+6 �5€

c

���

At6P;<6NV1;<=U7�Q%9LVx•�9�KU6

n

�8F 6GA+61;<6TV�;:=L7�Q 9UVx•|9LKL6�4>S�9L}P4>YWrt;:F 9�H>HEs�S<sRYGY�€

YG61;:7<4qV�9�MX=Lrt;8;:F+6�M%6T9�Y 9�Ot4>SD9L@ A 9�7x9LA+4>9LH SJH>4>VP6u4>SDS<F+=�BD@�S<VxF+6NYw9�;<4qVP9LHEH>s F+6N7<6

n



����� �������������	� !*	����
��	���� ��� � 	��������

�

�

�������

��� �	��


�
� ���

��� �����
�����

�8F+6GYw9�4>@ At6P;<6TV�;<=U7uB$9US�9

�

F+6N7<6N@+•L=�{�VP9LHE=U7<4>YG61;:6P7T?XQ 4>V1;<r+7:6NA�Q 9�7<;<4q9�H>HEs�9US<S<6PY�M+H>6NA�4>@ O"4>KLr+7:6

�

n

cLc

n

~ ;

V1=U@ S<4>SJ;<6TA =�vD;/B$=�V1sRH>4E@ A+6P7xSWV1=U@ V16N@ ;<7:4>Vw9LM%=Urt;W;:F+6 MX6N9LY Q 4EQX6

n

�8F 6 4>@+@+6P7 V1sRH>4E@ A+6P7GAt61;:6NV�;:6NA

���

H>HE6N7

6PH>6NV1;<7:=L@ SG9L@ A ;:F+6�=Lr+;<6P7wVPs H>4>@ At6P7 A+61;<6TV�;:6NA �P€ � 6PH>6NV1;<7:=L@ S

n

�

S:VxF+6PYw9�;<4qV�VP7<= S<SGS<6NV�;:4E=U@(4qSwSJF =�BD@h4>@

O"4EKUr+7:6

�

n

c

ztn

�i9LVxF VPsRHE4>@ At6N7uVP=L@ S<4qS/;:6NA�=Lv$9 S<9L@ AtBD4qVxF�=LviHq9|sL6P7xSI=�viVP=LQ+QX6P7�Q+Hq9�;:6NSu9�@%Ae� r 9L7J;:}�=UQt;<4qVP9LH

Z MX6P7xS

k

c

�

7x9LA+4>9�;<4>=L@wH>6P@+KL;<F S ;<F+4qVx•

p

?R=L7:4>6P@ ;<6TAw9�;

o

�

� ;<=C;:F+6�4E@ VP4>A+6P@ ;i6NHE6TV�;<7:=L@%S

n

�8F+6uV1=LQ Q%6N7i9LV1;<6TA 9LSi9

7x9LAt4q9�;:=L7T?%9�@%A�;<F 6�7:6NS<r+HE;<4>@+K 6PH>6NV1;<7:=LYw9�KU@+61;:4>VWSJF+=�B$6P7IQ+7:=RA+r V16TS-Yw9�@Rs�6PH>6NV1;<7:=L@ SI9�@ A�Q%= SJ4E;<7:=L@%S�BDF+4qVxF

6PYG4E;J;:6NA

�

F 6P7:6P@+•U=�{�7x9LAt4q9�;:4E=U@�9LS-;<F+6Ns�Q 9LS:SJ6TA�;<F 7<=Ur+KLF�;:F+6E�Ur%9�7<;<}�Z MX6P7xS

n

%$6NVN9�r S<6C;:F+6�Z M%6N7:S�9�7:6W9�;

o

�

� ;<=�;:F+6w4E@%V14qAt6P@ ;W6NHE6TV�;<7:=L@%SP?	9�QX=L7<;<4>=L@�=�v$;<F 6

�

F+6P7:6P@ •L=�{�7x9LAt4q9�;:4E=U@�VP=L@+6GB89LSu6PYG4E;J;:6NA Q 9L7:9LHEH>6PH
;:=

;<F 6wZ MX6P7xS�9�@ A�B89LSu;:7:9L@+YG4[;<;<6NA�68MwVP4E6N@ ;<H>s At=�BD@�;<F 6P4>7CHE6N@+K�;:F�;<=�9�4>7�H>4EKUFU;CKUr+4qAt6NS

n

�8F+6 H>4>KLF ;CKLr+4qAt6TS

;<7x9�@%SJQX=L7<;<6TA�;<F+6

�

F+6P7:6P@+•U=�{-7x9LAt4q9�;:4E=U@�;<=

�

9�Yw9�Yw9�;:S<r �

z

c

�

o

	

�

�

�

S	M+r+7:4E6TAu4E@CH>6N9UACS<F+4E6NH>A+4E@+K

n

�

7:=Lr+Q%S

=�v5Z%M%6N7:SIBi6N7<6WM+r+@ AtH>6NA 9�@ A�At4E7:6NV1;<6TA�;<F+6N4E7�H>4EKUFU;I;<=�Q 9�7<;<4qV1r+Hq9�7

	

�

�

�

S

n

�8F+6

� �

H>HE6N7�A+61;<6TV�;:=L7

�

S�Z M%6N7:S

B$6P7:6 SJQ+H>4E;W4E@ ;:=

���

M+r+@%AtHE6TSP?
Q+7:=�{R4>A+4E@+K�7x9LAt4q9�Hi9�@ A29L}P4>YWrt;:F 9�H S<6PKUYG6P@ ;:9�;<4>=L@ =�v$;<F+6 At61;:6NV1;<=L7

n

�8F+6P7:6

B$6P7:6W;:F+7<6N6�7x9LA+4>9LH"M 4E@ SN? BD4E;<F ;<F+6w4>@+@+6N7uM+4E@�7:6N9LA�=Lrt;�MRs

c

�

	

�

�

�

Su9L@ A�;:F+6GYG4>A+A+HE6w9�@%A�=Urt;<6N7�M 4E@ S

6N9UVxF�7:6N9UA =Urt;�MRs

z

�

	

�

�

�

S

n

�8F+6 �N€ ��At61;:6NV�;:=L7�B89LSDS<6PKUYG6P@ ;<6TA =U@+HEs�4E@ ;:F+6C9�}N4EY�rt;<F 9LH	At4>7<6TV�;:4E=U@ 9L@ A

B89LS�7<6T9LA�=Lrt;uMRs

c

�

	

�

�

�

S

n

�8F+6

� �

H>H>6P7�At61;:6NV1;<=L7uQ+7:=�{R4>A+6NA�;:F+6GQ+7:4EYw9�7:s�Q+FRstSJ4qVPS�YG6N9USJr 7<6NY 6N@ ;Iv =U7

;<F 6�6POtQ%6N7<4>YG6P@ ;

n

�8F+6 �N€ ��At6P;<6TV�;<=U78Q+7<=�{R4qAt6NA�9WYG6T9LS<r+7<6NYG6P@ ;$=Lv	;:F+6 �N€ �'& rtO�9L@ A �N€ � 9USJsRYGYG61;:7<s 9L@ A

B89LS8r S<6NA ;<= VP=L7:7<6TV�;$v =L78;<F 6�7<6TSJ4qAtr 9LH �P€	��M 9LVx•RKL7:=Lr @ A r+@%At6P78;:F+6

� �

H>H>6P7 & rtO

n

�8F+6

� �

HEH>6P75At6P;<6NV1;<=U7"4E;:S<6PHEv Q+7<=�{R4qAt6NAW@+=uM 9LVx•RKU7<=Ur+@ A�7:6��/6TV�;<4>=L@	?LSJ=u9LA At4[;:4E=U@ 9�HtAt6P;<6TV�;<=U7:S
B$6P7:6$@+6NVP6NSJ€

S:9�7:s-;:=�VxF 9L7:9UV�;:6P7:4E}N63M 9LVx•RKU7<=Ur+@ A & rtOt6NS
9L@ AC9LS<sRYGY 6P;<7:4E6TS

n

�8F+6NS<6iA+61;<6TV�;:=L7xS	4>@ V1H>r At6TA�;:F+6 �P€	� A+61;<6TV�;:=L7T?

;<F 6�Q+4E=U@ A+61;<6TV�;:=L7T? 9�@ A ;<F 6�Q+7<=LZ H>6uA+61;<6TV�;:=L7xS

n

�8F+6

� �

H>H>6P7GAt61;:6NV�;:=L7 7<6T9LAt=Urt;�6NHE6TV�;:7<=U@+4>VNSWB$6P7:6�A+6NS<4EKU@+6NA ;<=�F 9|{L6 S<rNM V14>6P@ ;w7:6NS<=LH>rt;<4>=L@ ;:F 9�;G;<F 6

At6P;<6NV1;<=U7WYG6N9USJr+7:6PYG6N@U; Bi=Ur+HqA M%6 At=LYG4>@ 9�;:6NA2MRs2V1=Ur+@ ;<4>@+K�SJ;:9�;:4>SJ;<4qVPS

n

�8F 6 KL= 9�HqS�B$6P7:6w;<=�9LVxF+4>6P{U6 9

7:6NS<=LH>rt;<4>=L@w=Lv

z

���

Q+Q+Y QX6P7DVxF 9�@ @+6PH 9�@ A

o

�

Q+Q Y 9|{L6P7x9�KU6NA =�{L6N75;<F 6I6N@U;:4E7:6

���

H>HE6N7iAt6P;<6NV1;<=U7

n

�

=�B$6P{U6P7T?

Atr+7:4>@+K ;<F+6

z

���

z

Q+FRstSJ4qVPSu7:r+@ S�;:F+6 At61;:6NV1;<=L7�7:6NS<=LH>rt;:4E=U@�B89LS�9�Q Q+7<=|Ot4>Yw9�;<6NHEs

cUc

�

Q+Q+Y

n

�8F+6 At6P;<6NV1;<=U7

7:6NS<=LH>rt;<4>=L@ B89LSC;<F+6 Q+7:4EYw9L7<s 7:6N9LS<=L@ ;:F+6�At61;:6NV�;:=L7G9LS<sRY YG6P;<7:s A+4>SJ;<7:4EM rt;<4>=L@hBD4>AR;:F(B89LS �

z

���

Q+Q Y ?



����� �������������	� !*	����
��	���� ��� � 	��������

�

�

O"4EKUr+7:6

�

n

cLc

� 	

F+=�;:=LKL7x9�Q F =Lvd;<F+6

� �

HEH>6P7$At61;:6NV�;:=L7

n

�8F+6-4>@+@+6N7i7:4E@ K�At6P;<6NV1;<6TA

� �

H>H>6P7$6PH>6NV�;:7<=U@ SN? 9L@ AG;<F 6

=Lr+;<6P7D7:4>@+KwAt61;:6NV�;:6NA �N€ ��6NHE6TV�;<7:=L@%S

n



����� �������������	� !*	����
��	���� ��� � 	��������

�
�

O"4EKUr+7<6

�

n

c

z

�

	

VxF+6NYG9�;<4qVuV17:=US:S/€ SJ6TV�;:4E=U@ =�v";<F+6

���

H>HE6N7�At61;:6NV�;:=L7

n

S<4EKU@+4[ZXVP9�@ ;:HEs�H>9L7<KU6P75;:F 9�@G;:F+6L�

c

���

Q+Q+Y BD4>At;<F 6PORQX6NV1;<6TA v 7<=UY VP=Lr+@ ;:4E@+KCSJ;:9�;<4qS/;:4>VNS 9LHE=U@+6

n

�8F+6

���

H>HE6N7

6PH>6NV1;<7:=L@+4qVPS Bi6N7<6IAt6NS<4EKU@+6NAw;<=WKU6P@+6N7:9�;<6-9W7<4>@+KU4E@+K�SJ4>KL@ 9LH+;:F 9�;DV1=Ur+H>A M%6�Q+7:=RVP6NS:SJ6TAGYWr VxF HE4>•L6D;:F+6I;<=L7:=L4qA

S<4EKU@ 9�H

n

~ @�;<F+6

	

�

�u?|;<F+68F+4>KLF+€•{U=LHE;:9�KU6i9L@ AWS<4EKU@ 9�HRKU7<=Ur+@ A+S"B$6P7:6 ;:F+6DS<9LY 6U?�SJ=�9L@W4qSJ=UH>9�;<4>=L@C;:7:9L@ SJv =L7:Y 6N7

B89LS�Q H>9UV16NA�=L@�;:F+6 S<4>KL@ 9LH	=Lr+;<Q+rt;�;<=�M+7:6N9�• QX=�;<6N@ ;<4q9�H>HEs�Hq9�7:KL6CKU7<=Ur+@ A�H>= =UQ S

n

�8F+4qS-;<7x9�@ SJv =L7:YG6P7-VP=Lr+HqA

MX6uVP=L@ S<4qAt6P7:6NA�6�� r+4>{�9�H>6P@ ;i;:= ;<F+6u;:=L7:=L4qA+S$r SJ6TA ;:=GY 6T9LS<r+7:6IMX6N9LY V1r+7:7:6P@ ;N?t9�@%A B$6�9LA+9LQt;<6TA ;:F+6�;<=L7:=L4qA

6PH>6NV1;<7:=L@+4qVPS5v =L75;:F+6IAt6P;<6TV�;<=U737:6N9LA+=Lrt;

n

�

A+At4>@+KW9�7:6NS<4>SJ;<=U739�@ Aw9WVP9�Q%9LV14E;<=U75sR4E6NH>At6TAw9�@ ���

�

V14>7:VPr+4[; ;<F 9�;

Q+7:=tAtr V16TAG9u7<4>@+KL4>@+KCS<4EKU@ 9�H

n

�8F+6�SJ4>KL@%9�H+B89LS59LY Q HE4EZ 6NAG4>@ �

	

�

9�@ A ;:F+6P@w7:r+@

z

���

v 6N61;3;:=W9�@G6NHE6TV�;<7:=L@ 4>VNS

FRrt;DHE=tVN9�;<6TA �/r%S/;D=Lr+;:S<4>At6��

	

�

n

�8F+6uS<4EKU@ 9�H Q 9US<S<6NA ;<F+7:=Lr+KUF�9 7:6NV�;:4[Z%6P7DV14>7:VPr+4E;DS<4>Y 4>Hq9�7$;<=�;<F+6�=U@+6�r SJ6TA

v =L7i;<F 6�;<=U7<=U4>A S 9�@%AwB$9US5Z @%9�H>HEswAt4>KL4E;<4>}P6TA MRs

c

�

€ M+4E;

�

(

�

�

S

k

At4qS<VPr S<S<6NA M%6NHE=�B

p1n

~ ;D9�Q+QX6N9L7:Si9�;i;<F+6I;<4>YG6

=�v	;<F+4qS8BD7<4E;<4>@+K�;<F 9�;DQ%6TAt6NSJ;:9LHX@ =L4qSJ6�4E@�;<F 6uA+61;<6TV�;:=L7DV1=U@U;:7<4>M+rt;:6NST�

o

�

Q Q+Y =�v&@+=L4qSJ6u9�@%Aw;<F%9�;8;<F+6u7:6NSJ;

4qSDAtr+6u;<=w@ =L4qSJ6u4>@�;:F+6C9�YGQ+H>4EZ 6P7xS

n



����� �������������	� !*	����
��	���� ��� � 	��������

c

���

���

���

�

� � � � �
���

�8F+6uQ+4>=L@�At6P;<6NV1;<=U7DB$9USir%SJ6TA ;:=wY 6T9LS<r+7:6-;:F+6�Q+4>=L@
& rtO 9L@ A 9LS<s YGYG61;:7<s

n

~ ;8B89LS8H>=tVP9�;<6NA�4>Y YG6TAt4>9�;<6NHEs

MX6PF+4>@ AG;:F+6

� �

HEH>6P7i9�@ A �N€ ��At61;:6NV�;:=L7xS 9L@ AGB$9US3S<F+4E6NH>A+6NAGMRsW;:F+6PY v 7:=LY ;<F+6

� �

H>HE6N7i9L@ A �N€ � S<4EKU@ 9�HqS39L@ A

Q+F+=L;<=U@�M 9UVx•RKL7:=Lr+@ A S

n

�

=�B$6P{L6N7N? F+4>KLFt€ 6P@ 6P7:KLswQ+4>=L@ S$B$6P7:6�9LM+H>6I;:=GQ+r+@ VxF�;<F+7:=Lr KLF ;:F+6

� �

H>H>6P7�At6P;<6NV1;<=U7

;<=�7:6N9UVxF�4E;

n

�8F+6GQ+4E=U@�A+61;<6TV�;:=L7�B89LS�Yw9LAt6 =�vi;<6P@ � r 9L7J;:}�M+H>=tVx•tSI=U7<4>6P@ ;:6NA�9�;

o

�

�3;:=�;:F+6GM%6T9�Y Q 4EQX6��

	

�

�

�

SD9�;J;:9UVxF+6NA ;<=G;:F+6�� r 9�7<;<}�M+H>=tVx•RSDA+61;<6TV�;

�

F+6N7<6N@+•L=�{w7x9LA+4>9�;<4>=L@ 6NYG4[;<;<6NA�MRs 4>@ VP4>At6N@ ;�Q+4E=U@ S

n

�

�����

�

�

�

� � ����� � ���

�8F+6�Q+7:=�Z%HE6�At6P;<6NV1;<=U7:S8B$6P7:6ur SJ6TA�;<=wYw9�Q ;<F 6�7:9UAt4>9LH 9�@ A 9�}N4EY�rt;<F%9�H & r+O At4qS/;:7<4>M+rt;:4E=U@�4E@ VP4>A+6P@ ;�=L@ ;<F 6

� �

HEH>6P7 9L@ A �N€ � At6P;<6TV�;<=U7:S

n

�8F 6PsGV1=L@%SJ4qS/;:6NA =�vXv =Lr 7 � r 9�7<;<}DM 9L7:S5S<Q 9UV16NA MRs

�

�

�%4>@ 9�}N4EY�rt;<F

n

�8F+6-� r 9L7J;:}

M 9L7:SDB$6P7:6�YG=Lr+@ ;:6NA�=U@�;<7x9�@ S<H>9�;<4>=L@�SJ;:9�KU6NS8;:= V1=�{U6P78;:F+6Cv r+H>H"7:9UAt4>9LH 7x9�@+KU6�=�v54E@ ;:6P7:6NSJ; �%;<F+6�;:7:9L@ S<H>9�;<4>=L@

SJ;:9�KU6NS-Bi6N7<6�4E@�;<r+7:@�YG=Lr @U;:6NA�=U@ 9 BDF+6P6NH
VN9�Q 9LM+H>6C=�v 7:=�;x9�;:4E@+K�r+Q�;:=

c

���

�54E@ =L7xAt6P7-;<=�V1=�{U6P7D;:F+6Wv r HEH

7x9�@+KU6i4>@ 9L}P4>YWrt;:F

n

�39LV1r r+Y H>4EKUFU;5KUr+4>A+6NS5VP9L7<7:4>6NAu;:F+6

�

F+6P7:6P@+•U=�{�HE4>KLF ;"v 7<=UY ;<F 6=� r 9L7J;:}8M 9�7xS&;<=

	

�

�

�

S

n

O"4EKUr+7:6

�

n

�

B89LSiKL6N@+6P7x9�;:6NAGr S<4E@ KC;<F 6NS<6IQ+7:=�Z%HE6�At61;:6NV�;:=L7xS

n

�8F+6�Q+7:=�Z H>6-At6P;<6NV1;<=U7iBDF+6N6PH B89LS3H>=tVP9�;<6NA �/r S/;

r+Q SJ;<7:6N9LY =Lv";:F+6

� �

HEH>6P7�A+61;<6TV�;:=L7

ni‚

F+6N@�;<F+6WQ+7<=LZ H>6CAt61;:6NV�;:=L7xSDB$6P7:6�@ =�;-4>@�r S<6L?+;:F+6Ps�Bi6N7<6�7:61;:7:9UV�;:6NA

;<=w9G7x9LAt4>r S$B$6PH>H =Lrt;xSJ4qAt6�;<F 6�=Lrt;:6P7D6NA+KL6u=�v";<F+6 �N€	��At61;:6NV�;:=L7

n

�

�

�

�	�

�

� � � ���

�

� � ����� � �

‚

F+6N@ YG6N9LS<r+7:6PYG6P@ ;xS5=�v ;<F 6-MX6N9�Y QX=LHq9�7:4E}T9�;<4>=L@GB$6P7:6DYw9LAt6�r%SJ4>@+KWVP=LH>HE4>Yw9�;<=U7�)

�

c

�

?L=U@+HEsG9CS<Yw9�H>H M+4>@

4>@�7x9LA+4Er SW9�@ A�9�}N4EY�rt;<F2B89LS�9LHEH>=�Bi6TA�;:=�7<6T9LVxF ;<F+6 At6P;<6TV�;<=U7CQ+Hq9�@+6

n

�

@ 9UA+At4E;<4>=L@ 9LH3SJYw9LHEH

�

F 6P7:6P@+•U=�{

VP9LHE=U7<4>YG61;:6P7T?	Yw9LAt6 =�v�9�HE;<6N7<@ 9�;<4>@+K�S<F+6P6P;:S�=Lv$;:r+@+K S/;:6P@ 9�@%A �Ur%9�7<;<}L?"B89LS�4>@ S<6P7<;<6NA�7:6PYG=�;:6PH>s�v =U7�;<F 6NS<6

YG6N9USJr+7:6PYG6N@U;xS

n

�8F+6DAt61;:6NV1;<=L7

k

@+=�;3S<F+=�BD@W4>@:O"4>KLr+7:6

�

n

c

�

p

B89LS"YG=Lr+@ ;<6TAWMX61;/B$6P6N@W;:F+68Q+7:=�Z H>6$A+61;<6TV�;:=L7xS

9�@%A ;:F+6

� �

H>H>6P7�At6P;<6NV1;<=U7

n

���

�

�

� ���

�

�	�

�

���

�

� � �

�8F+6 H>r+YG4E@+= SJ4E;/s YG=L@+4E;<=U7N?�H>=RVN9�;:6NA � Y At=�BD@%S/;:7<6T9�Y =�v�;<F+6

� �

HEH>6P7�At6P;<6NV1;<=U7N?�At61;:6NV�;:6NA 61OR;:7<6NY 6NHEs

v =L7:B89�7xAR€ 9L@+KLH>6

k

�

�

�

c

�

p

���

H>HE6N7G9L@ A �N€	�h6NHE6TV�;<7:=L@%S

n

~ ;GB89LS Yw9LAt6 =�vI9L@h9LHEr+YG4>@Rr+Y Q+7:6P7x9LAt4q9�;:=L7Cv =UH[€



����� �������������	� !*	����
��	���� ��� � 	��������

c

�

c

H>=�Bi6TA�MRs�;/B$=�7:4>@+KUSu=Lvi6P4>KLF ;�4>@ At4>{ 4qAtr 9LH3KU9USuVxF 9�Y�M%6N7�Q 7<=UQ%=U7J;:4E=U@ 9�H5V1=Ur+@ ;<6N7:S

n

~ ;CB89LS�r S<61v r H5v =L7u;/B$=

7:6N9LS<=L@%S

�

c

n

�8F+6w61OtQX6NV�;:6NA�Q+FRstSJ4qVPS�9USJsRYGYG61;:7<s�4>@ ;<F 6wHEr+YG4>@+=US<4E;/s�YG=L@+4E;<=U7�B$9US �

c

�

Q Q+M ?
V1=LYGQ 9L7:9LM+H>6W;:=

;<F+6�61OtQ%6TV�;:6NA�SJ;:9�;<4qS/;:4>VN9�H	6N7<7:=L7-=L@�4E;:SIYG6N9LS<r+7:6PYG6P@ ;T?XS<= 4E;-;<6TS/;:6NA�=Ur+7I9LM+4>HE4E;/s ;<= YG6T9LS<r+7<6C9 @Rr+HEH

9LS<s YGYG61;:7<s 9L@ A Q+7:=�{ 4qAt6TA 9 YG6N9�@%S8=�v
{L6P7:4Ev s 4>@+KG=Lr 7$r @ At6P7xSJ;:9�@%At4E@ K =Lv
S<stS/;:6PYw9�;:4>V�6N7<7:=L7xS

n

z+n

�

@ V16�& r V1;<r 9�;<4>=L@ S�4E@�MX6N9LY Q 9L7:9LY 6P;<6N7:S$F 9|{U6�MX6P6N@�7<6NYG=�{L6NA v 7:=LY ;:F+6CH>r+YG4E@+= SJ4E;/s YG=U@+4[;:=L7�9L@ A

� �

H>HE6N7�At6P;<6TV�;<=U7 S<4>KL@ 9LH>SN?
;<F+6N7<6 SJF =Lr+HqA MX6�@ = V1=U7<7:6PHq9�;:4E=U@ M%6P;/Bi6N6P@ ;:F+6�SJ4>KL@ 9LH>S

n

�

@Rs27<6TSJ4qAtr 9LH

V1=L7:7:6PHq9�;<4>=L@2VP=Lr+HqA24>@ At4qVP9�;:6 ;:F+6 Q+7<6TSJ6N@ V16�=�vD;x9�7:KL61;GAt6P@%SJ4E;/s & r V�;:r 9�;:4E=U@ S �$9USWYG6P@ ;:4E=U@+6NA 9LM%=�{U6

;<F+4qSD9�@ 9LHEstS<4>S8sR4>6PHqAt6NA 9�@�r+Q Q%6N7DHE4>YG4[;-=Lv

�

�

Q Q+Y =U@ ;x9�7:KL61;�At6N@ S<4[;/s & r V�;:r 9�;:4E=U@ S

n


 ��� � ;�,<; � @(C EB%1�$% ,/%D):9 � � � ,$� 7

�8F+6 (

�

) B$9USDAt6NS<4>KL@+6TA BD4E;<F ;/B$= KU=U9LH>S$4>@ YG4>@ A

�

c

n

~ ; F 9LA�;:=DM%63H>=�B�4E@�@+=U4>S<63S<=8;<F 9�;	YG6N9LS<r+7:6PYG6P@ ;xS Bi=Ur+H>Au7:6PYw9L4E@�At=UY 4>@ 9�;<6NA�MRsIVP=Lr+@ ;:4E@+K�SJ;:9�;<4qS/;:4>VNS

n

z+n

~ ;"F 9UA�;:=IF 9|{U6i9I{L6N7<suH>=�B HE6N{L6NH =Lv%V17:=US:S	;:9�H>•�MX61;/B$6P6P@ SJ4>KL@%9�HqS&9L@ AW9IYG4E@+4>YWr Y =�v KU7<=Ur+@ A�H>=R=LQ S"4>@

=L7xAt6P7i;<=w9|{L=U4>A Q+4>Vx•R4>@+K r+Q�SJQ+r 7<4>=Lr S$6NHE6TV�;<7:=L@ 4>V�9LS<sRY YG6P;<7:4E6TS3;:F 9�;-VP=Lr+HqA M+4q9LS$;:F+6uYG6N9LS<r+7:6PYG6P@ ;

n

~ @�9LA+A+4[;:4E=U@ ?R;<F+6 (

�

) B89LS$7:6NS<Q%=U@ SJ4>M+H>6�v =L7�9LV�� r+4E7:4>@+K A 9�;:9�v 7:=LY SJ6N{L6P7x9�H H>=tVP9�;:4E=U@ S

�

c

n

�8F+6�At61;:6NV�;:=L7D7:6N9UAt=Lrt;D6NHE6TV�;<7:=L@ 4>VNS84E@�9�@�6PH>6NV1;<7:=L@+4qVPS$FRrt;�=Urt;:S<4>A+6�=�v<�

	

�

n

z+n

�8F+6

�

€ � 4>@+6�M%6T9�Y A+4>9LKL@+= S/;:4>VNS87<6T9LAt=Urt;$6NHE6TV�;:7<=U@+4>VNS84E@ ;:F+6

�

=Lr+@ ;:4E@+K

�

=Lr S<6

n

l n

�8F+6

�

	 	

� � M%6T9�Y At4>9LKL@+= S/;:4>VNSu7<6T9LAt=Urt;�6PH>6NV1;<7:=L@+4qVPSu4>@ ;<F+6�9LVPVP6PH>6P7x9�;:=L7uKU9LHEH>6P7:s�At4>7<6TV�;<H>s 9LM%=�{U6

;<F+6

�

	 	

� � 7<6NKL4>=L@

n

o%n

�D6N9UAt=Lrt;D6NHE6TV�;<7:=L@ 4>VNS v =U7�V16N7J;x9�4>@�QX=LHq9�7:4E}N6NA SJ=Ur+7xV16�H>9USJ6N7�At4>9LKL@+= S/;:4>VNS89�;

�

~ (

n

9L@ A

�8F+6 (

�

) 9�HqSJ=GV1=U@ ;<7:=LH>HE6TA ;:F+6�M%6T9�Y 9LS<s YGYG61;:7<sGv 6N6NAtM%9LVx• F 9L7:A+B$9L7<6u9�;

�

~ (

n



����� �������������	� !*	����
��	���� ��� � 	��������

c

�

z

�8F+6 At61;:6NV�;:=L7�9�@ A�MX6N9LY At4>9LKL@+= S/;:4>VNSD;:F 9�;�7<6��Ur 4E7:6NA�F+4>KLF+€•7:6NS<=LH>rt;<4>=L@�7:6N9UAt=Lr+;-6PH>6NV1;<7:=L@+4qVPS-Bi6N7<6�v 6TA

4>@U;:= VPr SJ;<=LY 4E@ ;<6NKL7x9�;:4E@+K

�

(

�

MX=U9L7:A+S8At6TSJ4>KL@ 6NA 9�;

	

�

�

�

S<QX6NV14EZ%VN9�H>HEsG;:= YG6N61;A�5€

c

���

�

S$7:6�� r+4>7<6NY 6N@ ;:S

n

�8F+6uMX=U9�7xA+S$B$6P7:6�S<4EYG4>H>9L784E@�At6NS<4>KL@�;<=�;<F+= SJ6ur S<6NA v =L7

�

��	�	

�6�

k

S<6NV1;<4>=L@

o%n

c

�

p1n

�8F 6Ps 4>@ ;<6PKU7:9�;<6TAw;<F 6

4>@+Q+rt;�SJ4>KL@%9�HqSDMRs�VxF%9�7:KL4>@+Kw9 VP9LQ 9LVP4[;:=L7T?+YG6N9USJr+7:6NA�9L@�9�@%9�H>=LK At4 �X6N7<6N@ V16WM%6P;/Bi6N6P@�;:F+6W{U=LHE;:9�KU6NS�9UV17:=US:S

;<F 6-VP9LQ 9LVP4[;:=L75MX61v =L7:6�9�@%A 9�v ;<6N734E@ ;:6PKL7x9�;:4E@ KI;:F+6-S<4EKU@ 9�H Q+r+HqSJ6U?U9�@%A A+4EKU4[;:4E}N6NA ;<F%9�;iAt4 � 6P7:6P@ VP6DBD4[;:F

c

�

€ M+4E;

7:6NS<=LH>rt;<4>=L@

n

�8F+6I;<4>YG4E@+KG=Lv ;<F+6�4>@U;:6PKU7:9�;<4>=L@ K 9�;<6�9�@ A ;<F+6�KU9L4E@ =�v ;:F+6u4E@ ;<6NKL7x9�;:=L7iVP4E7xV1r 4[;8Bi6N7<6I7<6NYG=�;<6NHEs

Q+7:=LKU7:9LY Yw9LM+HE6

n

�8F+6�S:9�YG6

�

(

�

MX=U9�7xA+S$B$6P7:6-r S<6NA v =L7$;<F 6

���

H>HE6N7$9L@ A��N€	� At6P;<6TV�;<=U7:SN? ;<F+6uH>r+YG4E@ =US<4[;/s

YG=L@+4E;<=U7N?X;:F+6�Q 4E=U@ At6P;<6NV1;<=U7N?X;<F 6 %

	

�

�

S�9�@%A�;<F 6W;:=L7:=L4qA+S

n

�8F+6 {�9�H>r+6NSI=�v ;<F+6 4E@ ;:6PKL7x9�;:4E=U@�VP9LQ 9LVP4[;:=L7xS

9�@%A ;:F+6�7<6TSJ4qSJ;<=L7xS$BDF+4qVxF�S<61;D6T9LVxF�VxF 9�@+@ 6PH

�

S8K 9�4>@�B$6P7:6u=LQt;:4EYG4>}P6NA v =L7D6T9LVxF�;/sRQ%6�=Lv"YG6N9USJr 7<6NY 6N@ ;

n

(�9�;:9�v =L7
9�H>HR=�v+;:F+6$A+61;<6TV�;:=L7xS&9L@ ACMX6N9LY Y =U@+4E;<=L7xS B$6P7:6 7:6N9UA�=Lr+;
9�;

c

z

�

�

}$9L@ AWSJ;<=U7<6TAu;<=uAt4qSJ•

n

�8F 6

A+9�;:9�B$6P7:6-9�HqS<=�Q+7<=tVP6NS:SJ6TAWv =U7 =U@+HE4>@+6IY =U@+4E;<=L7:4>@+KC9�@ Awv 6P6NA+M 9LVx•�v =L7$SJr+Q Q+7<6TS<S<4>=L@G=�vdMX6N9�Y 9USJsRYGYG61;<7:4>6NS

n

�

A At4[;:4E=U@ 9�H 	:SJH>=�B YG=L@ 4[;:=L7:4E@+K
�

A 9�;:9 B89LSIv 6NA�4>@ ;<= ;<F+6 A 9�;:9 SJ;<7:6N9�Y�6P{L6N7<s�v 6NB S<6NVP=L@ A S

n

�8F+6NS<6wA+9�;x9

4>@ V1H>r At6TAG4[;:6PYwS3S<r VxFw9LS5Q+7:=LQX6P7<;<4>6NS
=Lv ;<F+68;x9�7:KL61;

k

;<6NY QX6P7x9�;:r+7:6L?LQ 7<6TS<S<r+7:6L?�6P;:V

n p

?RAt6P;<6NV1;<=U75F+4EKUFw{L=UH[;x9�KL6U?

9�@%A S<=Lr+7xV16G9�@%A�9LVNV16NHE6N7:9�;<=L7�Q 9L7:9LY 6P;<6N7:S

n

�

=LYGQ+H>61;:6NA 	J7:r+@ S
�

=LvT� =L@+6 F+=Lr 7�4E@�HE6N@+K�;:F B$6P7:6 M 9LVx•U6NA

r+Q ;<= ;x9�QX6

n

�8F+6 v 6P6TAtM 9LVx•tS�=L@ M%6T9�Y 9LS<sRYGY 6P;<7:4E6TS B$6P7:6 V1=L@ ;:7<=UHEH>6NA MRs 9hQ+7<=UKL7x9�Y VP9LHEH>6NA v M 9�@ 9LH

n

O"M 9L@ 9�H

9�@%9�H>s }N6NA

c

���

�

=�v+;:F+6DA+9�;x9-4>@�7:6N9LH[;:4EYG689�@ AC;:9LKLKL6TAC6T9LVxFC6N{L6P@ ;59LS&;<=uBDF+6P;<F+6N7
=L7
@+=�;
4E;
B89LS&r S<6NA�4E@�;<F 6

v 6P6TAtM 9UVx• 9�@ 9LHEstS<4>S

n

O"M 9�@%9�H V1=U@ ;<7:=LH>HE6TA ;:F+6�~

�

?

	

F 9LS<6L?+9L@ A

	

�L	

HE=R=UQ SDAt6NS:V17:4>M%6TA 4>@�SJ6TV�;:4E=U@ S87<6PvmSJ6TV

�

9�v

9�@%A

�+n o n o n

�8F 6�~

�

9�@%A

	

F 9USJ68H>= =UQ S5B$6P7:6Dr S<6NA ;<=�SJr+Q Q+7<6TS<S";:F+6-6NHE6TV�;:7<=U@ MX6N9LY

�

S54>@ ;<6N@ SJ4E;/sG9LS<s YGYG61;:7<s

9�@%A ;:F+6

	

�L	

HE=R=UQ�B89LS8r S<6NA�;:=GS<r+Q+Q 7<6TS<S84E;:SDQX=US<4E;<4>=L@�9�@ A 9�@+KUHE6�9USJsRYGYG61;<7:4>6NS

n



� �������	��
 �

���

� � �

� � � � 
 	�
�� �
	 � � � � ��	���� ����
 	 � �

� 

� � 	 
�� 	 � � ��
 � � ��� � � � � � 
�� 	


 � 
�� 
�� 
 ��
���� ���




����� ��� ���

�

� 	 	 � � 
 ������� � ��� 	 ��� � � � ����� � 
 	�� ���

�

����� 
 ������� � �  �
	���� ��� �

~"!$#&%('*),+-%/.102#4365 ~87239)&+65&';:/3<#4%(3

	

�

�

�

0/=?>;.@5&'>}6397A3B>C39+D#45&=?!�)&=LrE54+63F=@02#4';+B)�)Js2)G#&3BH
.1!/7�3b�I=@5&#4)J#4=

r(!E7(365-)K#-.1!E7A.1!E7A+L=@!M#45&=?>

� ��� �

��� 	 �

)�vN=@5JO5€

c

���

n

�P%E';)J+-%E.@02#&3B5Q'*)R:E.@)&3B7S=@!S.@!A.15&#&'*+L>;3 ~QTU5&=@#&3,#&%E.1#

%E.?)Q:V363B!�0(5&=�{W'*)G';=@!/.1>;>EsX.@+B+L360(#&3B7A:Rs ��r/+L>;3B.15G~"!E)G#&5:r(HJ36!M#-)R.@!E7

�

3L#4%(=27()

�

�

c

���

�

n

�

!E3<)&3B+L#&';=@!A=�v

#&%/.Y#�0E.10V3659Z[7239)&+65&';:(';!(\]#&%(3J>*.@)&365�)<sW)G#&3BH^.1!/7_0+rE>;)&31€")G%/.10(';!(\]=@02#4';+B)6Z`TP.@)aTU54'C#G#&3B!b0E5&';H8.154'C>>sF:Rs

�Uc

36>

de54.?+-%(H8.1!(!Q.1!E7f';)g';!E+L>>rE72397f';!h#4%(';)g#4%(3B)&'*)g.?)

�

0(0V36!E7('

c �

n

�P%E3i5436H8.1';!E723B5j=Lv(#&%E3e0/.10V365k';)g54360(54=27trE+63B7

%(3B5&3?ZV3972'C#&3B7l#&=].|{@=@'*7<543B7tr(!/7(.1!E+PsF.1!E7�vN=?5m+6=@!E)&'*)K#436!E+Ps]TU'C#&%_#&%(3R543B)G#�=�vn#4%('*)o#4%(3B)&'*)o';!_!(=@#4.1#&';=@!_.@!E7

{@=2+B.1:+r(>*.15:s

n

�8pBq 
`rRs��nt �lu<veskw6tQr

x

�

�

�

�

)g0V=@>*.154'CyB3B7h3B>C39+D#45&=?!Q)&=@z(5-+L3i';)k:E.?)G397h=?!f0(%(=@#&=W36HJ'*)&)&';=@!h{N54=@H|.m)G#&5-.1';!(3B7R}a.@~o)n+B.Y#4%(=2723i0Ez(HJ0/397

:W•S.1!A'C!M#436!E)&3@ZP+L';54+6z(>*.154>C•X0V=@>*.154'CyB3B7€>*.@)&365J:V3B.@H‚• ƒ?„2ZU…B†E…D‡‰ˆ$ŠPTe=b>*.@)&3658)&•2)K#436H8)R3

c

';)G#J#&=X0(z(HJ0$#&%E3

+6.1#&%(=2723?‹j. �o7Œ‹ � �j•jŽ•0(zEHR0V3B7JŠP'•‹

x

.10(0(%E'C543i>*.@)&365P•‘#4%(3 	 �a’[•e‹ ŠP'
�?“

#&%/.Y#n\@3B!(365-.Y#43B)g)G%(=?5G#U••”YŽ•!/)
“

0(z(>*)G39)g=1{

36>;3B+L#&54=@!E)–{N=@5

x

’[~o—�˜ )š™k=M)G'C#&54=@!8O–>;3B+L#&54=@!8™–54=1›K39+D#o••™šOš™
“

54'C!(\M)6ZM.1!E7,.aœ/.@)&%(>*.1HJ02Ž‰0(z(HJ0V3B78ŠP'•‹

x

.@0(0(%(';543

>*.@)&3658•‘#4%(3 	&•g>;.?)G%[‹ ŠP'
�?“

zE)&3B7F#4=<\@36!E365-.Y#&3J”?•1†YŽ‰!E)o0Ez(>;)&3B)m{N=?5azE)G3R';!_ž

c

397WŽ•#-.154\@36#m3

c

0V3654';HR3B!M#4)m'C!XO

x

~

…B†@Ÿ



���������
	 ����� 
������������������ ������� � �!��"#�$�&%��!�'�(	)��
*�*�+��",�.-0/�� ���1
2�435
 �6� �7
 …B†'8

)&zE+-%].?)UOnŽ-…�9':(ˆ

~o)U7(';)4+LzE)4)&3B7�';!l—i%E.102#4365�…?ˆ ŸEZWO–Ž4…19*:f';)PHJ3B.?)GzE5&';!(\h#4%(3h.@)&•WHJHR36#&54•8'C! #&%E3a+65&=M)&)P)&3B+L#&';=@!�{N=?5U36>*.@)G#&'*+

)4+6.Y#&#&3B5&';!(\ =@{(>C=?!(\@'C#&zE7('C!E.@>C>;•m0/=?>;.@5&';y6397a36>;3B+D#45&=?!E)`TU'C#&%R.1!h3B!(3654\@•�=1{�8�9 }m3<;$=*=8.1!�z(!E0/=?>;.@5&';y6397�36>;3B+L#&54=@!

#4.@5&\?3L#9‹

>�?@?

A�BDCFE

BHG

E

A

E

B�I

E

A0J

• „EˆC… “

TU%(3B5&3

E

B

•

E

A

“ ';),#&%(3X+L54=?)4),)&3B+L#&';=@! {N=?5 ';!E+6';723B!M#]54'C\?%M#GŽF•N>;3L{‘#GŽ “ %(36>;';+6' #K•�3B>C39+D#&54=@!/)b• „@†2Za…9†?”B‡‰ˆ�ŠP%E3

.@)&•WHJHR36#&54•€TU';>C>U:V3FHJ3B.@)&z(543B7S#&= .1! .?+6+LzE54.?+L•X=1{a:/36#G#43658#4%E.1! …B†�KMLYZeTU'C#&%$#&%(3F3

c

0/39+D#&397

x

#4.@!E7(.15-7

NF=2723B>[.@)&•WHRHJ36#&54•8:/3B'C!(\�.@0(0(54=

c

'CH8.Y#436>;•F…B†�K

	

ˆ

O

!(3–+65&'C#&'*+6.@>@+-%E.1>;>;36!(\?3k{N=@5[O–Ž4…19*:e';)`#&%(3i)Gz(0E0(5&39)&)&';=@!m=1{2%(36>;'*+L'C#K•?Ž"+L=?5&5436>*.Y#43B7m.@)&•WHRHJ36#&54'C39)Œ'C!a#4%(3–0(54=@0(Ž

365&#&';3B)�=1{š#&%(3R36>;3B+L#&54=@!l:V3B.@H TU%E36!_'C#a';)m';!E+L'*7236!M#a=@!F#4%(3R>C'QPMz(';7_%W•W7(5&=?\@36!<#-.154\@36#Bˆ0R 36>;'*+L'C#K•?Ž"+L=?5&5436>*.Y#43B7

.@)&•WHJHR36#&54'C39)�';!X#&%(3 36>;3B+D#45&=?!X:/39.1H�HfzE)G#f:V3,%(3B>;7 #4=TS@3B5&• )GH8.1>;>–>;3<S?36>*)�#&=F0E5&3US@36!M#h#4%(36H {N54=@H +L=@!(Ž

#&54';:(z2#&';!(\a{ .@>;)&3U.@)&•MHJHJ3L#45&';3B)g#4=m#&%(3UHJ3B.?)GzE5&3BHR3B!M#n.1#–.m)&';\@!('Cž/+6.@!M#k>;3<S?36>•ˆg•E=@5n';!E)G#4.1!/+L3@Z@:/39+6.1z/)G3P#K•W0('*+6.@>

ž

c

3B72Ž•#-.154\@3L#e)&+B.Y#G#43654'C!E\h+L54=?)4)š)&3B+D#4'C=?!E)š.@5&3o0(5&=?0/=?5G#4'C=?!E.1>(#&=Q)&';!

K�VXW

.1!E7J#4%(3�7(3L#&39+D#4=@5P.@+6+63602#-)–3B>C39+D#&54=@!/)

TU'C#&%�)&+B.Y#G#43654'C!E\b.1!E\@>;3B)R=1{�†ZY ”M•9Ž•†ZY 8/… �•Zš#&%(3F)4+6.1#G#&3B5&397 œEz

c

5&39.@+-%(';!(\l#4%(3F723L#43B+L#&=@5J'*)J)K#45&=?!(\@>;• 72360V36!2Ž

723B!?#m=@!F#4%(3f0V=?)&'C#&';=@!_.@!E7l.1!E\@>;3h=1{n#4%(3Q:V3B.@H .Y#o#4%(3h#-.154\@36#Bˆ\[‰{KZV{N=@5m3

c

.@HR0E>C3?Z/=]S?365U#4%(3Q>;36!E\1#&%_=1{n#&%E3

3

c

0V3654'CHJ3B!?#f#&%(3].1S@365-.1\?3Q:V3B.@H 0V=?)&'C#&';=@! =@!X#-.154\@36#�{N=@5f54';\@%M#GŽ�.@!E7X>;3L{‘#GŽ‰%(3B>C'*+L'C#K•b0Ez(>;)&3B)f';)R72'^=V3B5&3B!M#BZk.

{ .1>*)&3a.?)G•WHJHJ3L#45&•8'*)PHJ3B.@)&z(543B7�#&%E.1#P'*)P0(54=@0V=@5&#&';=@!E.@>E#4=R#&%(3aH8.1\?!(' #4zE723a=1{j#&%E.1# 72'_=I365436!/+L3@ˆ–ŠP%E30Na`1>;>C3B5

0(%W•2)G'*+6)8.?)G•WHJHJ3L#45&•€';!�3UPMzE.1#&';=@!�„(ˆ;…<+B.1!�:V3F3

c

0(543B)4)G397S';!$#&3654H8)J=1{aHJ3B.@)&z(543B7$723L#43B+L#&=@5�.@!E7$:/39.1H

PMzE.1!M#4' #4'C39)6ZI.@)oTe.?) HJ=@543h:(54'C36œE•<72';)4+Lz/)&)&3B7<';!_)&3B+D#4'C=?!_Ÿ(ˆ „(ˆ�—i=?!E)&';723B5 žE5-)G#m.�)&'C!E\@>;3h0E.1';5o=@{–0(z(>*)G39)o+6=@5&Ž

543B)&0/=?!E72';!(\F#&=b5&';\@%M#&Žm.1!/7 >C36{‘#GŽ‰%(36>;'*+L'C#K• :V3B.@H 'C!/+L'*7236!M#Q=?! #&%E3 OnŽ-…�9':]#4.@5&\?3L#Bˆb•(=@5Q#&%E3 +6.?)G3,=1{o)&HJ.@>C>

54'C\?%?#&Ž•>;3L{‘#h72'^=I365436!E+63B)8• .@!E7b!(36\?>C39+D#&';!(\<:E.?+cbM\?5&=?z(!E7l+6=@!M#&54';:(z2#&';=@!/)
“

ZŒ#&%(38.?)G•WHJHJ3L#&54•F{N=?5a.<)&'C!E\@>;3R0/.1';5

>ed

AZB

+6.@! :V3�TU54' #&#&36!F.?)

>

d

A�B
C#f5g

�

>
?h?

AZB
C

ikj

”

j

G

iml

”

l

Ion5p

imq

”

q

Isr�tun

t

iwv

t

• „Eˆ ”
“

C

ikj

”

j

Gyx

?hz6{k| >

A�B

J



���������
	 ����� 
������������������ ������� � �!��"#�$�&%��!�'�(	)��
*�*�+��",�.-0/�� ���1
2�435
 �6� �7
 …B† 9

TU%(3B5&3

f g

';)h#&%(38:V3B.@H^0V=@>*.154'Cy9.Y#4'C=?!`Z

j

�

E

'*)a#&%(3 .1S@365-.1\?3Q7236#&39+D#&397 )&+B.Y#&#&36543B7_œEz

c

{N=@5h54';\@%M#GŽo.@!E7

>;3L{‘#GŽ‰%(3B>C'*+L'C#K•_0(zE>;)&3B)BZ

l

'*)m#&%(38:V3B.@H^';!M#&36!/)G'C#K•@Z

q

'*)m#&%(38:V3B.@H^3B!(3654\@•?ZI#&%(3

v

t

54z(!b=]S?365a0V=?)&' #4'C=?! .@!E7

.1!E\@>;3,';!���.1!E7��IZš.@!E7

n p

.@!E7 #4%(3

n

t

.1543 +L=?5&5436>*.Y#4'C=?! +L=W3���+L';36!M#-)Q:V3L#KTe363B!€36!E3654\@•@Zn0V=?)&'C#&';=@!`Z–.@!E7

.1!E\@>;3J.@!E7_#&%(3�7236#&39+D#&=?5f)&'C\?!E.1>•ˆ8ŠP%(3B)&38+L=W3���+L';36!M#-)�.1543RHJ39.@)&z(5&397b)&';Hfz(>C#4.@!(36=?zE)G>;•FTU'C#&%€7(.1#4.YŽ•#4.'bW'C!(\/ˆ

i

543L{N365-)o#&=�#4%(3R5&';\@%M#GŽ‰>;3L{‘#m7('_=I365436!E+63Q';!_39.@+-%l=@{n#&%(38.@:/=]S?3h0(54=@0V365&#&';3B)Bˆ	� 3Qz/)G3Q#&%(3J)&•MHQ:/=?>

x

?@z {

|>

A�B

#&=]543L{N365m#4= #4%(3J+L=@!M#45&';:(z2#4'C=?!l#&=]#4%(3JHR39.@)&z(543B7l7236#&39+D#&=?5�.@)&•MHJHJ3L#45&•l.@5&'*)&'C!(\,{N5&=?H %(36>;'*+L'C#K•?Ž"+L=?5&5436>*.Y#43B7

:V3B.1H .@)&•WHJHR36#&54'C39)6ˆ
� 38{N543UPMz(36!M#4>C• zE)&38#&%(3].@+65&=?!M•WH���
������i~	�����<#&=l543L{N3B5�#&=b.F%(36>;'*+L'C#K•?Ž"+L=?5&5436>*.Y#43B7

.@)&•WHJHR36#&54•Q• =@5[72'^=I365436!E+63 “ ';!a#&%(3š'C!M#&3B!E)&' #K•?Z93B!(3654\@•?Z60V=?)&' #4'C=?!`Z .1!(\?>C3?ZB=?5`=1#4%(365`0E5&=?0/3B5G#4'C39)Œ=1{W#&%E3–36>;3B+L#&54=@!

:V3B.1H<ˆ

O

!F=2+6+B.@)&'C=?!]Te3�zE)&3�#&%E3�#&3B5&H8)��&%(36>;'*+L'C#K•]+6=@545&3B>;.1#&';=@!��Q=@5��&%(36>;'*+L'C#K•?Ž"+L=?5&5436>*.Y#43B7].@)&•WHRHJ36#&54•��Q#4=

.1>*)&=b543L{N3B5Q#4=_#4%(3B)&3<:/39.1H .?)G•WHJHJ3L#45&';3B)BˆSOnŽ-…�9':FTU';>C> .?+6+LzEHfz(>*.Y#43 H8.1!W• 54'C\?%M#GŽ‰>C36{‘#R0E.@'C5-)<•��^Ÿ

�

…9†'L
“

=]S@3B5 #4%(3Q>;36!E\1#&%b=1{n#4%(3Q0E%M•2)&';+B)o54z(!`ˆ�Šg.*bW';!(\�';!?#4=].?+6+6=@z(!M#o#4%(3J723L#43B+D#4=@59˜ )�!(=?!(>C';!(39.154' #K•X•N0(54=1›K39+D#43B7<#4=

:V3�†�Y 9��
“

.1!E7b3B)G#&';H8.Y#&39)a=1{i#&%(3�)&36!E)&'C#&' SM'C#K•l=@{š#&%E3�)&+B.Y#G#43654'C!E\]+65&=M)&)a)&3B+D#4'C=?!_#4=<36!(3B5&\?•@Z`0V=?)&' #4'C=?!`Z[.@!E7

.1!E\@>;3<••723L#43654HJ'C!(397 :M•_HR39.@)&z(54'C!(\

n
p

.@!E7_#&%(3

n

t

“
Z[Te3J3B)G#&';HJ.1#&3R#&%/.Y#�#&%E38'C!M#&3B!E)&' #K•_.?)G•WHJHJ3L#45&•

>	 

Z

#&%E3,36!E3654\@•X.@)&•MHJHJ3L#45&•

>

p

Z–.1!E7 #4%(3 0V=?)&'C#&';=@!€.1!/7€.1!(\?>C3 72'_=I365436!/+L3B)

j"!$#&%('

.@!E7

j"!*)+#,%-).'

HQzE)G#Q:V3

%(3B>;7]:V36>;=YT #&%E3a{N=@>;>C=YTU';!(\J>C';HJ' #-)6‹

>	 

C0/

l

B
G

l

A

l

B
I

l

A21

��”43@…B†

K

	

J

>

p

C0/

q

B
G

q

A

q

B
I

q

A21

� ”431…B†

KML

J

• „Eˆ Ÿ
“

j

!

C0/

�

BDG

�

A

1

� …B†R!(H<Z

j

!
)

C0/

�65

B

G

�75

A

1

��†�Y 8J!(5-.@7ŒZ

TU%(3B5&3R#&%E3J.@!(\@>;3B7b:(5-.@+cb?3L#4)m723B!(=1#43J.1S?365-.1\?'C!(\,=]S@365�.@>C>n0E.@'C5-)BˆQ~o+-%E'C3USM';!(\]#&%E3B)&3R>;';HR'C#4)hTU'C>;>$b@3B360X+L=@!(Ž

#&54';:(z2#&';=@!/)�#&=l#&%(3,)&•2)K#436H8.Y#4';+�36545&=?5�=@!

>

?h?

AZB

.1#h#&%(3,>C3US@36>i=1{�…�0(0E: =@5h>;3B)4)�{N54=@H 3B.@+-%�
8�����i~	��� .@!E7

b@3B360$#&%E3l+Lz(HQz(>;.1#&' S@3l)&•2)K#436H8.Y#4';+<3B5&54=@58+L=?!M#&54'C:(z(#&';=@!${N5&=?H .1>;>

8�����

~$���i˜ )�.1#8#&%(3F>;3<S?36> =@{aŸX0(0E:`ZU.

>;3<S@3B>e+6=@HR{N=@5&#4.@:(>;• :V36>;=YT�#&%E3 0(54=1›K39+D#43B7€)G#4.1#&'*)K#4';+B.1>e36545&=?5f=1{e:_0(0(:jˆXŠP%E3 723B5&' SY.Y#&';=@!S=1{ #4%(3B)&3 >;';HR'C#4)

'*)f72'*)&+6zE)4)G397X'C! HJ=@543�7236#4.1';>š';! • „@†(Zi…B†?Ÿ9‡•ˆl~�H8.1›K=@5�{N=2+Lz/)h=1{P#4%(3�Te=@5 b_0(543B)&36!M#&397 'C! #4%('*)f+-%E.@02#&3B5h';)

#&%E3�'CHJ0(>;36HJ3B!?#-.Y#4'C=?! =@{ . !Wz(HQ:/3B5f=@{eHJ3L#4%(=27()�{N=?5h+L=?!?#45&=?>C>;';!(\

������P~
���

˜ )f.Y#f.<>;3<S@3B>n#&%/.Y#fTU';>C>i.1>;>C=YT

.@+-%E'C3USM';!(\Q#&%(3�543UPMz(';5436HJ36!M#4)P=@{j3�P?z/.Y#&';=@!/)U„(ˆ Ÿ(ˆ



���������
	������ 
���������������������������� �!��"#�$�&%��!�'�(	)��
*�*�+��",�.-0/�� ���1
2�435
��6���7
 …B†?„

ŠP%(3�•g>;.?)G%[‹ ŠP'[)&•2)K#436H TP.@)P=?5&';\@';!E.@>C>;•�723B)&';\@!(397 .@!E7<+L=@HJHJ'*)&)&'C=?!(3B7 ';! …9ƒ@ƒ?Ÿ,• ƒ@„2Z`…9†*8Y‡g.1!E7 %E.@)U)&363B!

3

c

#436!E)&'^S?3 z(0(\?54.?723B)š'C!,0(5&3B0E.15-.Y#4'C=?!R{N=@5iO–Ž4…19*:WˆnŠg.1:(>;3o„(ˆ;…o)&z(HJH8.154'CyB3B)n#4%(3o0/.15-.1HJ3L#4365-)n=1{Œ#4%(3�•g>*.@)&%`‹ ŠP'

>*.@)&365n:V3B.1H {N=@5iOnŽ-…�9*:Mˆn’`' b@3BTU';)&3@Z1#&%(3 0V=@>*.154';yB.Y#4'C=?!R.@!E7Q#&5-.1!E)&0V=@5&#–=@02#4';+B)n%E.1S@3U.@>;)&=�)G3B36!8)G';\@!E' ž/+B.1!M#–z(02Ž

\@5-.@7(3B)BˆjŠP%(3e{N=2+LzE)–=1{E#4%(3B)&3Uz(0(\?54.?723B)g%E.?)k:/3B36!R#&=�';HJ0(54=]S@3i#&%(3 )&z(0(0(543B)4)&'C=?!Q.1!/7R+6=@!M#&54=@>W=@{ 
8����� ~ ��� ˜ )6ˆ

~ ! =]S@3B5 SW';36T =1{š#&%(3J0V=@>*.154'CyB3B7_)&=@zE54+63f>*.@)&365a.1!E7_=@02#4';+B)m)&•2)K#436H8)a.@)�#&%E36•_.@5&3R+L=@!(žE\@z(543B7F{N=@5�OnŽ-…�9':8';)

';>C>;zE)G#&5-.Y#&397S';!�•j';\@zE5&3F„(ˆ;…@ˆ�ŠP%(3<>*.@)&3658.1!E7A=@0(#&'*+6)8)&•W)G#&3BH8)8.1543 %(=?zE)&3B7A'C!�.1!$36!�SW'C54=@!EHR3B!M#4.1>;>;•€+L=@!(Ž

#&54=@>;>;3B7l54=W=@H =@z(#4)&';723R=1{i#&%(3J.@+B+L3B>C3B54.1#&=@5o#&z(!E!(36>•ˆQŠP%(3 �&•g>*.@)&%`‹ ŠP'kde3B!E+-%���%E=@>*7()�#&%(3J>*.@)&365a+6.1SW' #K•F.@!E7

0(z(>*)&3LŽ")G%E.@0(';!(\o=?02#&'*+6)BˆjŠP%(3 �
	�'*.1\@!E=?)G#&'*+6)gdi3B!E+-%��o%E.@)g0(%(=@#&=272';=2723B)j{N=@5gHJ=@!('C#&=?5&';!(\o#&%(3P>*.@)&3659˜ )['C!M#&3B!E)&' #K•

.1!/7F#&3BHJ0/=?54.@>j0(54=1ž/>C3R.1!E7b.�HJ=@!(=2+-%(54=@H8.1#&=@5o{N=@5mHJ3B.@)&z(54'C!E\,'C#4)mTe.1S?36>;36!(\@#&%`ˆaŠP%(3 � Ro36>;';+6' #K•_—i=@!M#45&=?>

de36!E+-%7�<%(=@zE)&3B)�#&%(3 =@02#4';+B)a{N=@5R+L=@!M#45&=?>C>;'C!E\ #4%(3�0V=@>*.154'Cy9.Y#4'C=?!X)G#4.1#&3�=@{P#&%(3�:V3B.@H�.@!E7 {N=@5Q)Gz(0E0(5&39)&)&';!(\


8��� �P~
� �

˜ )6ˆ ~ ”@†YŽ‰H Šj54.@!E)G0V=@5&#8™–';0/3<#454.@!E)G0V=@5&#4)Q#4%(3F:/39.1H
'C!M#&=X#4%(3l.@+B+L3B>C3B54.1#&=@5Q#&zE!(!(36>•ZPTU%(36543F'C#

+L54=?)4)&3B)o#&%(3 �-—e.1#&%(=2723�	�';.@\@!(=M)K#4';+B)�de36!/+-%�� .@!E7b';)a72';5&39+D#43B7b=@!M#&=,#&%(38+6.1#&%(=2723J=@{–#&%(3J0V=@>*.154'CyB3B7_\@z(!`ˆ

ŠP%(3 �-—e.1#&%(=2723�	�';.@\@!(=M)K#4';+B)adi3B!E+-%�� %(=@>*7()a=?02#&'*+6)m{N=?5a)&3L#&#&';!(\]#&%(380V=?)&'C#&';=@! =1{š#4%(3J:/39.1H�)G0V=1#�=@!b#&%E3

+6.1#&%(=2723<.1!/7€.1!$.1z

c

';>C'*.154• 7(';.@\@!(=M)K#4';+,>C';!(3@ˆ ŠP%(3]0(%(=@#&=W36>;3B+L#&54=@!E)Q36HJ'C#G#43B7A:M• #4%(3]+B.Y#4%(=2723].@5&3 :/3B!M#

#&%E5&=?z(\@%<Ÿ':�
a.1!E7 36!M#&3B5P#&%(3h.?+6+636>;365-.Y#&=?5Bˆ

Šg.1:(>;3b„EˆC…?‹ ™n.15-.1HJ3L#4365-)J=1{�#&%E3b•g>;.?)G%[‹ ŠP'm>;.?)G3B5,:V3B.@H .?)�'C#]5-.1!�{N=?5

O–Ž4…19*:h”1†?†?”a™š%M•2)&';+B)��UzE! [DˆWŠP%(3o0V=?)&' #4'C=?!�›K'C#G#&3B5U.Y#š#4%(3m0(%(=1#4=2+6.Y#4%(=2723

'*)PHJ3B.@)&z(543B78=?!,#4%(3a36>;3B+L#&54=@!,:V3B.@H :(z2#U'*)P72=@HJ';!E.Y#43B7 :M•8>*.@)&365g›K'C#G#43659ˆ

ŠP%(3�=@#&%(3B5U36!M#&54';3B)U.1543mHR39.@)&z(543B7]72'C543B+L#&>;•�=@!]#4%(3�>;.?)G3B5P:/39.1H<ˆ

�X.1S@3B>C3B!(\1#4% :?†!9f!(H��

dP.1!/72TU';72#&% †ZY •h!(H •-�#R N

�U3B0/36#&'C#&';=@!F5-.Y#43 …9”1†mR y

™šz(>;)&3a>C3B!(\1#4% ”M•Y†Q!E)��

™šz(>;)&3a36!(3B5&\?• „@†������

—i';54+6z(>*.15U0V=@>*.154'Cy9.Y#&';=@! ƒ?ƒ(ˆ : �

Oš!(3654\@•a›K'C#G#4365 †�Y 9���5&H8)

™k=M)G'C#&';=@!Q›K' #&#&3B5o.Y#U0(%(=@#&=2+6.1#&%(=2723 � •Y†��ŒH�54H8)��

ŠP%(3m%(3B.@5G#P=1{j#&%(3a0V=@>*.154'CyB3B783B>C39+D#45&=?! )&=@z(5-+L3m';)e'C#4)P0(%E=1#&=2+B.Y#&%E=W7(3@ˆn~ !(36T \@5-.@72';36!M#GŽ"72=?0/397�)K#454.@'C!E3B7

�������! #"�$&%('
)*%,+.-#/1032�41/105��687

9

�����! #"�$&%('
)*%,+:/1032<;*-#0=��>
7

?

�A@CBCD&E
 #$�'1BF%,+G �HGD&��I�%,��%,+JI#@K7L��M�%N6O �PQD&6R��6S ,)1 #D&$T #"�$&%N%,��%,+GI#@UD&>WV1010RXZY=D&�[ =;*-#0�\]��>:BC��$&>G%17

^`_

'1+

�

Ea6

�
b

%
c5d�DT #6�%`HG%,+a7



���������
	������ 
���������������������������� �!��"#�$�&%��!�'�(	)��
*�*�+��",�.-0/�� ���1
2�435
��6���7
 …B†W•

•g';\@z(543�„(ˆ;…@‹n~ !<=]S?365 SM';36T =@{j#4%(3h™k=@>*.154';y63B7,O–>;3B+D#45&=?!

x

=@z(5-+L3�.@)e'C# ';)o+L=@!(žE\@z(543B7�{N=@5oO–Ž4…19*:Eˆ

}a.@~�)&™�+B.Y#&%E=W7(3�Te.?)P'C!E)G#4.@>C>;3B7]0(54';=@5P#&=�O–Ž4…19*:M˜ )o”1†?†?”f0(%W•W)&'*+6)U54z(!(!(';!(\/ˆ–ŠP%(';)o+6.Y#4%(=2723@ZETU%(';+-%<'*)UHJ=@543

{Nz(>;>C•�7239)&+65&';:/397�'C!|•C…B† 9B‡•ZUTP.@)87(3<S@3B>C=?0/397�'C! .S��� 	 0(54=1›K39+D#J{N=@5,#&%(3��o3

c

# ’['C!(39.15 —i=?>C>;';7(365_•��o’g—
“

0(54=1›K39+D#_•C…B†@„9‡‰ˆ��o’g— 543UPMz(';5&39)J5&=?z(\@%(>;•A”(ˆ 9b#4'CHJ3B),HJ=@543<+-%/.154\@3]#&%E.@! OnŽ-…�9*: ';! .€”?•Y†1Ž•!/)J0(z(>*)G3l.@!E7

�

�.:@†���36>;3B+L#&54=@!A0/=?>;.@5&';yB.1#&';=@! •C…B†E…-‡•ˆ � ' #4%$#&%(3F.1SY.1';>;.@:(>;3,>*.@)&365J0/=YTe3659Zn#4%(';)8+B.Y#4%(=2723]+B.1!$•W'C3B>;7A.

+-%E.@5&\?3�=1{š” 3M…B†��
	�3B>C39+D#&54=@!/) ';!€…B†?†J!E)6ˆ ŠP%E';)�';)�)G';\@!E' ž/+B.1!M#&>;•]HR=?5&3Q+-%E.154\@3m#&%/.1!l'*) 543UPMz(';5&397<:W•]O–Ž4…19*:

• .@!E7 )G';\@!('Cž/+B.1!M#&>;•<HR=?5&3Q#&%/.1!_•W';36>*723B7b:W•<#&%(3J0(543<SW';=@zE)m+6.1#&%(=2723
“

ZŒ0(54=]SW';7('C!(\].@7(7(' #4'C=?!E.1>gœE3

c

';:(';>C'C#K•l';!

=@0(#&';HR';y6';!(\o#&%(3e=@02#4';+B)j)&•2)K#436H<ˆ
["!f=@5-72365[#&=o0E5&=]SW'*723š.1!f36>;3B+D#45&=?!h:V3B.1H 0V=@>*.154'Cy9.Y#4'C=?!h.@)`%E'C\?%f.@) �u:?† �,ZY.

)G#&5-.1';!Q'*)n.10(0E>C';3B7Q#&=a#4%(3 .@+L#&' S@3e>;. •?365k=1{V#&%E3 +6.Y#4%(=2723e#&=�:(543B.'ba#&%(3 7(36\@3B!(365-.@+6•�=1{V#&%(3 ™���


	

36!E3654\@•h>;3<S?36>*)

.@) 'C>;>Cz/)K#454.1#&3B7]';!l•g'C\?z(5&3h„Eˆ ”(ˆ R =YTe3<S?3659ZW#&%(3Q.1HJ=@z(!M# =@{k)G#&5-.1';! S .@5&';3B)P';!l72';5&39+D#4'C=?!]TU'C#&%F543B)&0V3B+D#U#4=8#&%E3

+L54•2)K#-.1>;>C';!(3P>*.Y#G#4';+63@ˆnŠP%('*)$SY.154';.1#&';=@!R'C!/72zE+L39)–. ���mOX.1!E';)&=1#45&=?0M• ��'C!R#4%(3o+6.1#&%(=2723?Z1TU%(3B5&3B:M•f#&%(3\PMzE.@!M#&z(H

3���+6'C3B!E+L• •��mO
“

=@{ #&%E3<+B.Y#4%(=2723,:V3B+6=@HJ3B)J723B0/3B!E7236!M#8=@!€#&%(3<=@54';36!M#4.1#&';=@! =1{o#&%(3]>C';!(39.15J0/=?>;.@5&';yB.1#&';=@!

=1{U';!E+L'*723B!?#Q>;.?)G3B5�>C';\@%M#BZgTU'C#&%€.<#K•W0('*+6.@>š.1!E.@>C•WyB'C!(\<0V=YTi3B5h=1{\9

G

…19�� • :?” ‡•ˆFŠP%(3��mO .@!(';)&=1#45&=?0W•l';)f.

72=?HR';!E.@!?#U';!(\@543B7('C3B!?# +6=@!M#&54'C:Ez2#&';!(\R#&=

8�����

~
���

˜ ) .1!/7,'C#4)U3<=V39+D#-) .1543m7(';)4+LzE)4)&3B7 'C!F)&3B+D#4'C=?!(8/ˆ

ŠP%(3a5436>*.Y#&';=@!/)G%(';0,:V3L#KTe363B!,#4%(3�%(3B>C'*+L'C#K•�=1{j#&%(3a>*.@)&365P:V3B.1H .1!E7�#&%(3�%E36>;';+6' #K•�=@{[#4%(3�5&39)GzE> #4'C!(\R0V=@>*.15&Ž

';y63B7l36>;3B+D#45&=?!F:/39.1H +6.@!F:/3R723L#43654HJ'C!(397F:W•F+L=@!/)G'*723654';!(\J#&%(3Q:E.1!/72\?.@0l72';.@\@5-.1H�{N=@5�}a.@~o)4™kZ/)&%(=YTU!F';!

•g'C\?z(543f„(ˆ ”2ˆUŠP%(3h>*.@)&365�>C';\@%M#o0Ez(HJ0E) 3B>C39+D#&54=@!/)U{N54=@H #&%(3

f

��


	

SY.1>;36!E+63h:E.@!E7<'C!M#4=8#&%(3��

�




	

+L=@!/72zE+D#4'C=?!

:E.@!E7Œˆ3�U'C\?%M#GŽ‰%(36>;';+6' #K•Q>;.?)G3B5–>;'C\?%?#–3

c

+L'C#&3B)–36>;3B+D#45&=?!E)k';!?#4=�#&%E3����

C

G

…��1”m)G#4.1#&3U';!J#&%(3o+6=@!E7(zE+D#4'C=?!R:/.1!E7Œˆ



���������
	������ 
���������������������������� �!��"#�$�&%��!�'�(	)��
*�*�+��",�.-0/�� ���1
2�435
��6���7
 …B†!:

1/2-1/2

-3/2 3/2
-1/2 1/2

Eg = 1.54 eV

Esplit
~ 50 meV

P3/2

S1/2

•g'C\?z(543a„Eˆ ”(‹–~ 72'*.1\@5-.1H�=1{g#&%(3�:E.@!E72\M.10<.1!E7]36!E3654\@•8>;3<S@3B>;)U{N=@5 )G#&5-.1';!(3B7<}a.@~�)&™kˆEŠP%E3h.1545&=YT )i'C!/72';+B.Y#43

#&%E3h.1>;>C=YTe3B7�#&5-.1!E)&' #4'C=?!E)e{N=@5U54';\@%M#GŽ–.1!/7 >;3L{‘#&Ž•%E36>;';+6' #K• 0(%(=1#4=@!E)P=@{��

C

:?†!9f!(H<ˆ–~o7(.@02#&397,{N54=@H • …9†@ƒ ‡‰ˆ

y

x

z

y

x

z

p p

spin spin

d)  left helicity
   (right-ci ����� lar)

c)  right helicity
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a)  right helicity b)  left helicity
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Syracuse Pr inceton

Syracuse:   10.437 +/- 0.751
Pr inceton:  10.406 +/- 0.750

c2/ndf = 21.59 / 19
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mean = 2.45 +/- 0.12 ppm/mm mean = -1.86 +/- 0.12 ppm/mm

mean = -0.50 +/- 0.06 ppm/mm mean = 0.61 +/- 0.06 ppm/mm

mean = 9.01 +/- 0.03 ppm/mm mean = -3.02 +/- 0.03 ppm/mm

mean = -3.55 +/- 0.08 ppm/mm mean = 3.41 +/- 0.09 ppm/mm

mean = -0.38 +/- 0.02 ppm/mm mean = -0.31 +/- 0.02 ppm/mm
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Syracuse mean =  -55 +/- 35 ppb
Princeton mean = -36 +/- 35 ppb

Syracuse mean =   -5 +/- 13 ppb
Princeton mean =  -3 +/- 15 ppb
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Reservoir

2.5 HP PumpHeat Exchanger
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Flashlamp Flow Tubes Rod Flow Tube
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20 kV

Starter Circuit

EMI  Constant Current Simmer 
Power Supply -1 kV 5 Amps

Laser Table

Modulator 15 A
21 kV

1.2  F

Braided
Shield

Thyratr on

Laser Head

Maxwell
Capacitor
Charging

Power
Supply

10 kV, 8 kJ/s
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