
�

�������	��

��������������������
������ �"!#��$%

&'�����)(*���+�-,
.0/	132 46587 9;:< 9�=	9?> @A2CB0D*7 2 E < D#4GFCD#H�EI>JD*7 EI> KMLN=	EI>�7 O	9P.�Q�1R.�EI4 46D#H�EI>JD*7 2 E <GST / UV/ W�EYX[Z#\I\*LNW�D*7JDY]%26D�^N4 S`_ @aD#2 4Gb?D#> EI4 2 < 9*ced < D#4f/ gIE*]^Nhi^ < 7 9?> < D*7 2 E < D#4
.�E < dj9?> 9 < bk9�E <ml K%n�9?> E < 5 S .�O`D#> @oD <`p W�9qD#rs78K l D p > E < 5 S h�D#4 9 < bk26D S`t n`D#2 < L�uIr < 9�vMw
v#\I\I\	/ L T r	H	4 265xO	9 p 2 < Ber`bk4f/ T O%Ks5?/yW�Lz]IEI46{I|*L~} T > Esb#/ t r	n	n	4���1�D#>JbJO�v#\I\ � /

�;�M���
�0���J�q� � �?�s�?�x�k�8� �q��� ���I�8�q�s�q�N� �M���8�����~�?�N�I�8���8�M�0�I�x�?�M�x�M� �M���x�k�8� �V�?�C�8�M���x�k�8�0�i�I�J�~�J�a�����¡ ¢�¢£¢¤£a�k���8�M�
�A�?� �P¥f�?¦z�J� �8�?���k��§M� �8��� � �?�`¨
©��I�y�q�Y�?�`� �;�8�ª�s���?�M� ���8�ª�q�M�N� �8«Y�e¬®­~¯q¯ª�J«Y�J�*�8�J°#�6�?����±*�x�?�%�M�k�x�P�P�#�I�J�`�I�x�?�M�x�M� �M�e�x�k�8� �
�?�'¬�­�²A­~¯#³�´¶µq¨C�;�M� �y� ���M� � �J�
�8�%�k�;·;���ª�M�z�;�s���?�M� ���8�e�8�~�I�M�J���8�M���%�?�x¸#�?�8�q�M�%���8�ª���6� ·¹�J«Y�J�*�8�;�k���e�8�~�?�N�q�%�?�M� ���J�q�z�~¨

º�»a¼�½
¾�¿�½¢ÀGÁqÂ¶ÃIÁ
Ä O	9�H	>JD < bJO	2 < g�>JD*7 2 EªdjEI>y7 O	9 p 9qb?DYKVÅÇÆÉÈ�ÊGÆ�Ë
ÌË

Í DI5�Î`>J587ab?D#46bkr	46D*7 9 p H%K¹^ < D#@A2�D <`p FG2 <ÐÏ �kÑ DI5AD <265xEM5xn	2 < > E#7JD*7 2 E < dj> EI@�ÅÇÆ�ÈÒÊ'ÓYÔYÆyË¢/ Ä O	9�@A9qD*L
5xr	> 9?@A9 < 7�E#d�7 O	9AH	>JD < bJO	2 < g[>JD*7 2 E�E#d�ÅÇÆ®ÈÕÊGÆ�Ë
ÌË
D#4 E < 9 Í 2 4 4�D#4 4 E Í E < 9�7 EÖEIHs7JD#2 < 7 O	9�@aD#g < 2 7 r p 9E#d�×	Ø¶Ù S 7 O	9¹9?4 9?@A9 < 7�2 < 7 O	9�.�D#H	H	2 H�E®Q�EIH`DYKMDI5xO	2
1�DI5xÚ*D Í Dª@aD*7 > 2 X S Í O	26bJO�bkE < 7 > EI465 t 7JD <`p D#> p 13E p 9?4. T ]%2 EI46D*7 2 E < /�^ < bkE <*Û r < b~7 2 E < Í 2 7 O®7 O	9 < 9?rs7 >JD#4bJO`D <	< 9?4 p 9qb?DYKmÅ�Ó�È-Ê'Ó*Ë
ÌË3D <`p @A9qDI5xr	> 9?@A9 < 7J5e2 <7 O	9ªW�5x9qb~7 EI> S 7 O	265 Í 2 4 4�n	> E*]%2 p 90D < E*]I9?>JbkE < 587 >JD#2 < 9 p@A9qDI5xr	> 9?@A9 < 7�E#d;H�E#7 Om7 O	9�> 9qD#4GD <`p 7 O	9�2 @aD#gI2 < D#> Kn`D#>x7�E#d
×	Ø¶ÙI/ Ä O	265 Í 2 4 4¢D p	p > 9q5 5;7 O	9�ÜMr	9q587 2 E < E < . T
]%2 EI46D*7 2 E <GÝ .�D < 2 7eH�9�bkEI@An	4 9k7 9?4 K�DIb?bkEIr < 7 9 p djEI>eH%K
7 O	9 t 7JD <`p D#> p 13E p 9?4f/y=
2 gIr	> 9 � 2 4 4 r`587 >JD*7 9q5;7 O	9en	> E#L
n�EM5x9 p 5x9 < 5x2 7 2 ]%2 78KaE#dC]*D#> 2 EIr`5�9kXsn�9?> 2 @A9 < 7J5�7 O`D*7 Í 2 4 4
@A9qDI5xr	> 90Þ�D <`p[ß¢S 7 O	9V. T ]%2 EI46D*7 2 < gPn`D#>JD#@A9k7 9?>J5�E#d
7 O	9�587JD <`p D#> p @AE p 9?4f/Ä O	9 t 7JD <`p D#> p 13E p 9?4sn	> 9 p 26b~7J5yD0H	>JD < bJO	2 < g0>JD*7 2 E
djEI>y7 O	9 p 9qb?DYKVE#d Ï \	à áyâm\	à | Ñsã�� \säGåNÓ�2 < W�r	>JDI5?æ 5;r < 2 L7JD#> 2 78K�7 > 26D < gI4 9 Ï v Ñ /AU < 9A9?]I9 < 7�O`DI5ªH�9?9 < EIH`5x9?> ]I9 pH%K�7 O	9�W�B0F�9kXsn�9?> 2 @A9 < 7 _ w*á%w Ï | Ñ 2 < D�587 EIn	n�9 p ÅÇÆ
9kXsn�9?> 2 @A9 < 7q/
çè9�n	> EIn�EM5x9 Ï é Ñ 7 E�@A9qDI5xr	> 9�7 O	9 p 9qb?DYK2 <èê 2 gIOM7VE#d�ÅÇÆiÈëÊGÆ�Ë
ÌËÉD <`p EIHs7JD#2 <�ì w*\�9?]I9 < 7J52 < v�KI9qD#>J5�E#d p D*7JD�7JD#Ú%2 < g`/ Ä O	265 Í 2 4 4¢@A9?9k7�7 O	9ªn	> 9kL
bk265x2 E < 5xr	gIgI9q587 9 p H%Km7 O	9P7 O	9?EI> KI/Ví < 2 < 7 9?> @A9 p 26D*7 9587JD#gI9 S 7 O	9AEIH`5x9?> ]*D*7 2 E < E#d�ZYL � \a9?]I9 < 7J5 S 26507 O	9AgIEMD#4
E#deD < D#n	n	> E*]I9 p W�B0F®9kXsn�9?> 2 @A9 < 7 _ { é { S Í O	26bJOÉ265
7 O	9AbkE < 7 2 < r`D*7 2 E < E#d _ w*á%w%/ t EI@A9P@A9?@VH�9?>J5ªE#d�7 O	9
.�Q�1¡D <`pa_ { é {�D#> 9 < E Í�Í EI> Ú%2 < g�2 < bkEI4 46D#H�EI>JD*7 2 E <
Í 2 7 Oî9qDIbJO¹E#7 O	9?>aDI5�7 Í Eè587JD#gI9q5VE#dªDÇn	O%Ks5x26b?5Vn	> E#L
gI>JD#@m/

KAMI/
K0PI0

Many

CKM

CDF/D0

=
2 gIr	> 9 � / _ Xsn�9?> 2 @A9 < 7J5Cn	> EIn�EM5x9 p 5x9 < 5x2 7 2 ]%2 78K�2 < 7 O	9
@A9qDI5xr	> 9?@A9 < 7VE#d�7 O	9�. T ]%2 EI46D*7 2 < g�n`D#>JD#@A9k7 9?>J5�E#d
7 O	9 t 7JD <`p D#> p 13E p 9?4�/

ï'»a¼�½
¾�ðPñ	ÃqòGó`ô*õ�ö
÷
ø
U < 9[E#d�7 O	9�bJO`D#4 4 9 < gI9q5�E#d�7 O	9[9kXsn�9?> 2 @A9 < 7P265�7 E

bkE < 7 > EI4I7 O	9�H`DIbJÚ%gI> EIr <`p Í O	26bJOV265 � \eEI> p 9?>J5GE#d`@aD#g#L
< 2 7 r p 9�46D#> gI9?>�7 O`D < 7 O	9�9kXsn�9qb~7 9 p 5x2 g < D#4f/
ï'»¶º�»ù¼�½
¾ ÅÇÆúÈ�ÊGÆyÊ'ÓAû ñ	ÃqòGó`ô*õ�ö
÷
ø

Ä O	265 p 9qb?DYK S Í 2 7 OîH	>JD < bJO	2 < g�>JD*7 2 Eúü¡v �*ý S b?D <@A2 @A26bA7 O	9[5x2 g < D#4y2 d�7 O	9A7 Í Emþ¹dj> EI@¡7 O	9 p 9qb?DYK�E#d
7 O	9mÊ'Ó3D#> 9[r <`p 9k7 9qb~7 9 p /¹^z7 Í 2 4 4�H�9mbkE < 7 > EI4 4 9 p H%K
D�bkEI@VH	2 < D*7 2 E < E#d�Ú%2 < 9?@aD*7 26bV> 9 Û 9qb~7 2 E < D <`p D[n	O	E#L
7 E < ]I9k7 E�5xKs587 9?@m/ Ä O	9m.�Q�1 p 9k7 9qb~7 EI>V@Vr`587V]I9k7 E
n	O	E#7 E < 5 Í 2 7 O�DP]I9?> KaO	2 gIOm9kÿ�bk2 9 < bkKI/



v

ï'»�ï'» ¼�½
¾ ÅÇÆúÈ � Ë�û ñ	ÃqòGó`ô*õ�ö
÷
ø
^ < 7 O	265 p 9qb?DYK S Í 2 7 OúD�H	>JD < bJO	2 < g[>JD*7 2 E�ü��I|	/ Z ý S7 O	9 � b?D < H�9�@A265x2 p 9 < 7 2 Î`9 p DI5VD�Êy/ Ä O	265V265PbkE < L7 > EI4 4 9 p H%K[DP@Vr	E < ]I9k7 EaD <`p�� ^ . l 5xKs587 9?@a5?/

ï'»��G» ðPñ	ÃqòGó`ô*õ�ö
÷
ø	�fô*õ�

�k÷��q¾Mô*ñ	Ã��qÂ¶õ�÷
Á
Ä O	9®2 < 7 9?>JDIb~7 2 E < 5úE#dm7 O	9 r <`p 9qb?DYKI9 p H�9qD#@ÒEI>

p D#r	gIOM7 9?>mÊG53bkE < 7 > 2 H	rs7 9Ç7 E�7 O	9úH`DIbJÚ%gI> EIr <`p / ^ <EI> p 9?>�7 Ea@A2 < 2 @A2 �?9�7 O	265ebkE < 7 > 2 H	rs7 2 E <GS DI5�4 2 7x7 4 9�@aD*L
7 9?> 26D#4eDI5An�EM5 5x2 H	4 9�5xO	EIr	4 p H�939 < bkEIr < 7 9?> 9 p H%KÉ7 O	9
n`D#>x7 26bk4 9q5?/ Ä O	265 p 26b~7JD*7 9q5e7 O	9PbJO	EI26bk9VE#dy7 O	9V]*D#> 2 EIr`5
p 9k7 9qb~7 EI>e9?4 9?@A9 < 7J5?/
�G»a¼�½
¾������;ñsô*ñ��qö
Á

CKM Apparatus

30 MHz
Separated
K+ Beam
22 GeV/c

Upstream
Magnetic
Spectrometer

Kaon
RICH
.7 atm
CF4

Kaon
Entrance
Angle
Tracker

Beam
Interaction
Veto

Vacuum
Veto

Downstream
Magnetic
Spectrometer

Pion  RICH
1 atm Neon

Forward
    Veto

Muon
Veto

BM109
Magnet

Hole
Veto

Beam
Dump

=
2 gIr	> 9�vs/ Ä O	9��09k7 9qb~7 EI>

^ < =
2 gIr	> 9úvÉD#> 9Ç5xO	E Í < 7 O	9 p 9k7 9qb~7 EI>[9?4 9?@A9 < 7J5
Í O	26bJO Í 2 4 4�H�9 p 9k7JD#2 4 9 p H�9?4 E Í / Ä E p 9k7 9qb~7�ÅÇÆ
O`D p > E < 26b�2 < 7 9?>JDIb~7 2 E < 5èH�9kdjEI> 9�7 O	9 p 9qb?DYKÖ]IEI4 r	@A9
9 < 7 >JD < bk9 S DúO`D p > E < b?D#4 EI> 2 @A9k7 9?>a5xr	> > EIr <`p 2 < gÇ7 O	9
H�9qD#@�} < E#7 p 9q5 bk> 2 H�9 p �N265�r`5x9 p /
�G»¶º�»a¼�½
¾������ ��ñ	÷
ø!�q½
¾#"$��¾%Ã��?ô*õ�
¹¾%�q¾Mô*Á

Ä O	9�bJO`D#> gI9 p n`D#>x7 26bk4 9q5�2 < 7 O	9�> 9qDIb~7 2 E <GSC< D#@A9?4 K
7 O	9�Q�D <`p 7 O	9�Ê[D#> 9�H�E#7 O�@A9qDI5xr	> 9 p H%K � 2 < g0^N@aD#g#L
2 < g�. l 9?> 9 < ÚIE*]mbkEIr < 7 9?>J5P} � ^ . l �0DI50]I9?4 Esbk2 78Km]I9qb~L
7 EI>J5�D <`p DI5ª@AEI@A9 < 7 r	@¡]I9qb~7 EI>J502 < r	n`587 > 9qD#@ùD <`p
p E Í < 587 > 9qD#@ù5xn�9qb~7 > EI@A9k7 9?>J5?/ Ä O	9AgMDI5ª2 < 7 O	9An	2 E <
� ^ . l 265ªbJO	EM5x9 < 2 < EI> p 9?>�7 E[@A9?9k7ª7 O	9V4 E Í p 265xn�9?>xL5x2 E < > 9qÜMr	2 > 9 p djEI>3gIE%E p > 9q5xEI4 rs7 2 E < / ^ < EI> p 9?>�7 E

D#4 4 E Í DI5A4 2 7x7 4 93@aD*7 9?> 26D#4�2 < 7 O	93H�9qD#@ DI5Pn�EM5 5x2 H	4 9
>JD*7 O	9?>�7 O	2 < @A2 > > EI>J5eD <`p Í 2 <`p E Í 5eD#> 9�@aD <`p D*7 EI> KI/Ä O	265�> 9qÜMr	2 > 907 O	9 � ^ . l 5�7 EAEIn�9?>JD*7 9�D*7�EI> < 9qD#>eD*7xL
@AEM5xn	O	9?> 26b�n	> 9q5 5xr	> 9I/ Ä O	9q5x9úbkE < 5x2 p 9?>JD*7 2 E < 5aO`DY]I9
bkE < 7 > 2 H	rs7 9 p 7 Eú7 O	9ÇbJO	EI26bk9mE#dª7 O	9ÇQùH�9qD#@-7 EÉH�9
vIv'&ª9?h+9 < 9?> gIK3D <`p 7 O	9P>JD p 26D*7 EI>0gMDI5eE#d�7 O	9 p 9qb?DYKn	2 E <�� ^ . l 7 EVH�9 < 9?E < / Ä O	9eÊ3@AEI@A9 < 7 r	@)> 9q5xEI4 rsL
7 2 E < DIbJO	2 9?]I9 p H%K�7 O	9 � ^ . l 265�H�9k7x7 9?>�7 O`D < �*ý djEI>
7 O	265�bkE < Î`gIr	>JD*7 2 E < / Ä O	9AQ�D <`p Ê¹@aD#g < 9k7 26bP5xn�9qb~L
7 > EI@A9k7 9?>J5�r`5x90bkE < ]I9 < 7 2 E < D#4s7 >JDIbJÚI9?>J5 S 5x2 4 26bkE < 587 > 2 n`5
D <`p 587 >JD Í 7 r	H�9q5�> 9q5xn�9qb~7 2 ]I9?4 KI/ t 7 >JD Í 5�O`DY]I9aH�9?9 <bJO	EM5x9 < 7 E @A2 < 2 @A2 �?9¹7 O	9î@aD*7 9?> 26D#4V2 < 7 O	9îH�9qD#@m/
Ä O	9?KÉD#> 9�Z*@A@"2 <�p 26D#@A9k7 9?> Í 2 7 O�DÇv#\ � @�5x9 < 5x9
Í 2 > 9 S Z¹7 E�á�587 >JD Í 46DYKI9?>J5�n�9?>�587JD*7 2 E < }�X S K S r S ]	�~/
é ã�� \sä�(*) Ó S Í 2 7 O � Z#\ � @�O	2 7�> 9q5xEI4 rs7 2 E < n�9?>�46DYKI9?>q/
Ä O	9V587 >JD Í 5�D#> 9�4 Esb?D*7 9 p 2 < 7 O	9�]*DIbkr	r	@ p 9qb?DYK�]IEI4 L
r	@A9I/
�G»�ï'»a¼�½
¾ þ,+ ¾%�qõÉÁ?ÀGÁ-�q¾.


í05�D#4 > 9qD p Ka@A9 < 7 2 E < 9 p E < 9ªE#dC7 O	9�@aD#2 < 7JDI5xÚs5�E#d
7 O	909kXsn�9?> 2 @A9 < 7�265y7 EVbkE < 7 > EI4%7 O	90H`DIbJÚ%gI> EIr <`p dj> EI@
7 O	9mÅÇÆ)È ÊGÆ;Ê'Ó p 9qb?DYKI/ Ä O	265Vn�EI2 < 7J5V7 EÇ7 O	9�9kX%L
7 > 9?@A902 @An�EI>x7JD < bk9eE#d¢7 O	9eþ�]I9k7 EV5xKs587 9?@m/ Ä O	90]I9k7 E
5xKs587 9?@"O`DI5PDÇbkEI@An�E < 9 < 7A5xr	> > EIr <`p 2 < g37 O	9 p 9qb?DYK]IEI4 r	@A9 S Í O	9?> 9[7 O	9 p 9qb?DYKÇ7JD#ÚI9q5Vn	46DIbk9�D <`p D3djEI>xL
Í D#> p bkEI@An�E < 9 < 7 S D*d�7 9?>07 O	9PÊ � ^ . l 7 E p 9qD#4 Í 2 7 O
O	2 gIO�9 < 9?> gIKèþ;æ 5?/îçè9 Í D < 7P7 Eè@A2 < 2 @A2 �?9m2 < 7 9?>JDIb~L7 2 E < 5 Í O	26bJOîD#> 9�D < 2 @An�EI>x7JD < 7PbkEI@An�E < 9 < 7PE#d�7 O	9
< E < L/&�D#r`5 5x26D < 7JD#2 465yE#d¢7 O	90H`DIbJÚ%gI> EIr <`p / Ä O	9?> 9kdjEI> 9 S7 O	9�bkEI@An�E < 9 < 7
5xr	> > EIr <`p 2 < g�7 O	9 p 9qb?DYKª]IEI4 r	@A9 Í 2 4 4
H�9[4 Esb?D*7 9 p 2 < 5x2 p 9a7 O	9�]*DIbkr	r	@�]I9q5 5x9?4 Í 2 7 O¹D3]*DIb~L
r	r	@+E#d'ü � \sä�0�7 EI> >yD <`p Í 9�b?D#4 4M7 O	265;h�DIbkr	r	@�hy9k7 E
t Ks587 9?@-}jh0h t �~/ Ä O	9Ah0h t 265ª@aD p 9PE#d�D�5 D <`p Í 26bJO
E#dªn	46DI587 26b�5 bk2 < 7 2 4 46D*7 EI>AD <`p 4 9qD p Z*@A@�1 � @A@R9qDIbJO S587JDIbJÚI9 p 2 < @AE p r	4 9q5[Z#\úbk@-4 E < gÉD <`p�é \Ibk@�>JD p 2 LD#4 4 KI/ Ä O	9?> 9VD#> 9�E*]I9?>0áI\�5xr`bJOÇ5 D <`p Í 26bJO346DYKI9?>J5�n�9?>
@AE p r	4 9AD <`p | é 5xr`bJO�@AE p r	4 9q502 < 7 O	9Ph0h t / Ä O	9?> 9
265yDª]IEI2 p E#d'Z#\Ibk@ÖH�9k7 Í 9?9 < 9qDIbJOP@AE p r	4 9 Í O	26bJOAbkEI>xL
> 9q5xn�E <`p 5�7 EPD < D < gI4 90E#dG2 < bk2 p 9 < bk9ªE#d ì�é \ p 9?gI> 9?9q5djEI>�þ;/ Ä O	265�D < gI4 9A265 < E#7�> 9qDIbJO	9 p H%K37 O	9an	O	E#7 E < 5bkEI@A2 < g�dj> EI@ 7 O	9AÅÇÆ�È ÊGÆ;Ê'ÓAÈ�þ�þ p 9qb?DYK�Ú%2 < 9kL@aD*7 26b?5?/ Ä O	265eD#4 4 E Í 5�r`5�7 Ea> 9 p r`bk9ª7 O	9�]IEI4 r	@A9�D <`p7 O	9�bkEM587�H%K�DVd¶DIb~7 EI>�7 Í E`/

Ä O	9 > 9qÜMr	2 > 9 p h0h t"p 9k7 9qb~7 2 E < 2 < 9kÿ�bk2 9 < bkK 265
gI2 ]I9 < 2 < =
2 gIr	> 9�|	/�^ < 7 O	9�> 9?gI2 E < E#d;@A9 p 2 r	@ 9 < 9?>xLgI2 9q5C7 O	9�> 9qÜMr	2 > 9?@A9 < 7J5CO`DY]I9�H�9?9 < DIbJO	2 9?]I9 p H%K _ w*á%w
Í 2 7 O3DabkEI@An`D#>JD#H	4 9ª]I9k7 Ea5xKs587 9?@m/

=	EI>�7 O	9[=	EI> Í D#> p hy9k7 E t Ks587 9?@ }¶=
h t ��D�bJO	EI26bk9



|

=
2 gIr	> 9�|	/�h0h t � 9qÜMr	2 > 9 p 2 < 9kÿ�bk2 9 < bk2 9q5?/ Ä O	9a7 > 2 L
D < gI4 9q5 Í 9?> 9ª@A9qDI5xr	> 9?@A9 < 7J5�DIbJO	2 9?]I9 p H%K _ w*á%w%/ Ä O	9
bk2 >Jbk4 9q5i> 9?n	> 9q5x9 < 7Ö7 O	9�2 < 9kÿ�bk2 9 < bk2 9q5Ö> 9qDIbJO	9 p H%K
&ª9qD < 7�5x2 @Vr	46D*7 2 E < 5�587 r p 2 9q5�D*7�4 E Í D <`p O	2 gIOè9 < 9?>xLgI2 9q5?/

E#d�]*D#> 2 EIr`5�7 9qbJO < 26ÜMr	9q5VD#> 9�DY]*D#46D#2 H	4 9 S D <`p D#> 9�587 2 4 4
r <`p 9?>�587 r p KI/�çè9aD#> 9PDI5 5xr	@A2 < g S djEI>07 O	9P@AEI@A9 < 7 SD�5x9k7 r	n3E#d t b 1 T HÇZ*@A@�1 � @A@ 5 D <`p Í 26bJO	9q5�djEI>e7 O	265
b?D#4 EI> 2 @A9k7 9?>�DI5 Í 9?4 4f/
�G»��G»A¼�½
¾ � ö
õ�÷���¾%�qõ

í < E#7 O	9?>�2 @An�EI>x7JD < 7�bkEI@An�E < 9 < 7�E#d37 O	9ÐH`DIbJÚML
gI> EIr <`p 265�7 O	9VÅÇÆ¹È � Æ�Ë Í O	26bJO3O`DI5eDAH	>JD < bJO	2 < g>JD*7 2 E[E#d�ü��I|	/ Z ý /�í)@Vr	E < ]I9k7 E�djEI4 4 E Í 507 O	9a=
h t /Ä O	9 < E < Lz2 < 7 9?>JDIb~7 2 < gVH�9qD#@ gIE%9q5�7 O	> EIr	gIO[D�O	EI4 9ª2 <7 O	9�=
h t D <`p @Vr	E < ]I9k7 E05xKs587 9?@ÖD <`p 265 p r	@An�9 p D*d�L
7 9?> Í D#> p H%KaD�@aD#g < 9k7 26b�Î`9?4 p 2 < 7 E�7 O	90H�9qD#@ p r	@AnG/
�C»a¼�½
¾�ðP¾%ñ 


í¹]I9?> K02 @An�EI>x7JD < 7;bkEI@An�E < 9 < 7CE#d	EIr	>C9kXsn�9?> 2 @A9 < 7265�7 O	9VH�9qD#@m/e^ < EI> p 9?>e7 E�gI9k7�ü �I1 l ��E#d�ÅÇÆ p 9kLb?DYKs502 < 7 O	9AÎ p r`bk26D#4y]IEI4 r	@A9 Í 9 < 9?9 p D3üª|I\�1 l �ÅÇÆÇH�9qD#@ Í 2 7 O�D�>JD*7 2 E�E#dGÅ��YÊmE#d ì v S Í O	9?> 9qDI5 < D*L7 r	> 9;7 9 <`p 5'7 E�n	> E*]%2 p 9
d¶D#>G@AEI> 9yÊyæ 5'7 O`D < QAæ 5 S 5xO	E Í <=
2 gIr	> 9 é D <`p =
2 gIr	> 9AZs/�çè9 Í 2 4 4ybkE < 587 > r`b~7�D < 9 Í
� =i5x9?n`D#>JD*7 9 p H�9qD#@"H`DI5x9 p r	n�E < |	/ {�& l ��7 >JD < 58L]I9?>J5x9m@AE p 9è5xr	n�9?>JbkE <`p r`b~7 2 < g � =�b?DY]%2 7 2 9q5 S H�9?2 < g
p 9?]I9?4 EIn�9 p D*7�=	9?> @A2 46D#HèdjEI>�7 O	265�n	r	> n�EM5x9I/Açè9ar`5x9
Da5x9k7ªE#d�v � =�b?DY]%2 7 2 9q5�n	> EIn�9?> 4 Km5xn`DIbk9 p dj> EI@ 9qDIbJO
E#7 O	9?>�2 < EI> p 9?>�djEI>�7 O	9[ÊG5�7 E�H�9 p 9 ê 9qb~7 9 p H%KÇ7 O	9
� 587Vb?DY]%2 78K S D <`p 7 O	9 <¹p 9 ê 9qb~7 9 p H`DIbJÚÇH%K�7 O	9[5 D#@A9

D#@AEIr < 7 S H%K�7 O	9Pv <`p b?DY]%2 78KI/ Ä O	9�ÊG5eD#> 9�D#H`5xEI> H�9 pH%KPD�H�9qD#@�587 EIn	n�9?>q/
ç�2 7 OA7 O	90b?DY]%2 7 2 9q5;n	O`DI5x9 p 7 O	265
Í DYK S n	> E#7 E < 5 Í O	26bJO®D#> > 2 ]I93D*7�7 O	9è5x9qbkE <`p b?DY]%2 78K
Û r`587�E < 9 � =+n�9?> 2 E p H�9?O	2 <`p 7 O	9�ÊG5[D#> 93D#465xEÉr < L
p 9 ê 9qb~7 9 p /PQ�5 S O	E Í 9?]I9?> S D#> > 2 ]I9 � áI\���2 <#� =�n	O`DI5x9
H�9?O	2 <`p 7 O	9èÊ+D <`p D#> 9 p 9 ê 9qb~7 9 p D#gMD#2 < Í 2 7 O®7 O	9
5 D#@A9�5x2 g <GS b?D#r`5x2 < ge@AEM587;E#ds7 O	9?@i7 Eª@A265 5G7 O	9�H�9qD#@
587 EIn	n�9?>q/�í�b?D#>x7 E%E < E#d�7 O	9PEIn�9?>JD*7 2 E < 265�5xO	E Í < 2 <=
2 gIr	> 9 �	/

^ < =
2 gIr	> 9 é Í 9�5xO	E Í 7 O	9îH�9?O`DY]%2 EI>ÇE#dA7 O	9�Ê
bkEI@An�E < 9 < 7ªE#dy7 O	9VH�9qD#@ Í O	26bJOÇD*d�7 9?>ªO`DY]%2 < g�H�9?9 <
p 9 ê 9qb~7 9 p H`DIbJÚ¹H%K¹7 O	9�5x9qbkE <`p b?DY]%2 78KÉ265�587 EIn	n�9 p /
t O	E Í < 2 < 7 O	9�5 D#@A9eÎ`gIr	> 9ªD#> 9�7 O	9 � 5�bkEI@A2 < g�dj> EI@
Ê p 9qb?DYKs5�2 < 7 O	9�H�9qD#@�4 2 < 9I/

=
2 gIr	> 9 é / Ä O	90H�9?O`DY]%2 EI>�E#d¢7 O	90Êmn`D#>x7�E#d¢7 O	90H�9qD#@
D <`p 2 7J5 ��p 9qb?DYKs5?/ Ä O	9ª@Vr	E < D#> 9egI> 9?9 < }jEI>�D#n	n�9qD#>
4 2 gIOM7 9?>�2 < 7 O	9�H	46DIbJÚ�D <`p Í O	2 7 9�]I9?>J5x2 E < �~/ Ä O	9?K[D#> 9
7 O	90E < 4 KPn`D#>x7 26bk4 9q5�gIEI2 < g�djEI> Í D#> p D*d�7 9?>�7 O	9ª587 EIn	n�9?>

^ < Î`gIr	> 9�Z�7 O	9�QÖbkEI@An�E < 9 < 7�265�5xO	E Í < Í 2 7 O[7 O	9
p 9qb?DYK � 5?/ Ä O	93Q�5 Í O	26bJO�DY]IEI2 p 7 O	9�587 EIn	n�9?>aD#> 9
5xO	E Í < > 9qDIbJO	2 < gV7 O	9 p 9k7 9qb~7 EI>q/

	'»�"$�qñ��qö
Á
çè9�D#> 9�2 < 7 O	9�n	> Esbk9q5 5GE#d`H	r	2 4 p 2 < g�n	> E#7 E#78K%n�9q5GdjEI>

7 O	9�n	O	E#7 E < ]I9k7 Ea5xKs587 9?@ S 7 O	9�587 >JD Í 7 r	H�9q5eD <`p 7 O	9
5xr	n�9?>xLNbkE <`p r`b~7 2 < g � =ob?DY]%2 7 2 9q5?/ t 2 @Vr	46D*7 2 E < 53D#> 9
H�9?2 < g p E < 9�2 < n`D#>JD#4 4 9?4%djEI>yH�E#7 OP7 O	90587 >JD Í 5;D <`p 7 O	9
]I9k7 Ea5xKs587 9?@a5�DI5 Í 9?4 4CDI5�djEI>�7 O	9�H�9qD#@�4 2 < 9 p 9q5x2 g < /



é

=
2 gIr	> 90Zs/ Ä O	9eQ H�9qD#@)D <`p 2 7J5 �mp 9qb?DYKs5 Í O	26bJOAD#> 9
n	> E p r`bk9 p Í 2 7 O�H	2 g�EIn�9 < 2 < gVD < gI4 9q5�D <`pap E < 7�> 9qDIbJO
7 O	9 p 9k7 9qb~7 EI>

�G»��Võ�÷
Ã��¶ö
ÁqÂ¶õ�÷
=
2 gIr	> 9�w�5xO	E Í 5�7 O	9�9kXsn�9qb~7 9 p 5x2 g < D#4'D <`p Å Æ È

ÊGÆyÊ'Ó�H`DIbJÚ%gI> EIr <`p D*d�7 9?>Ç7 O	9�n	O	E#7 E < ]I9k7 EM5�O`DY]I9
H�9?9 < D#n	n	4 2 9 p dj> EI@�7 Í E�KI9qD#>J5;E#d¢> r <	< 2 < g�DI5�Dªdjr < b~L7 2 E < E#d�7 O	9[@A265 5x2 < gÇ@aDI5 5V5 ÜMr`D#> 9 p E#d�7 O	9 < 9?rs7 >JD#45xKs587 9?@i> 9qbkEI2 4 2 < geD#gMD#2 < 587G7 O	9�ÊGÆ�/�w#v�9?]I9 < 7J5G5xr	> ]%2 ]I9
2 < D35x2 g < D#4y> 9?gI2 E < Í 2 7 O¹|mr < ]I9k7 E%9 p D <`p @A265x@A9qD*L
5xr	> 9 p ÅÇÆ�È ÊGÆ;Ê'ÓP9?]I9 < 7q/ Ä O	9�7 E#7JD#4
H`DIbJÚ%gI> EIr <`p9q587 2 @aD*7 9VdjEI>07 O	265�5 D#@An	4 9 S 2 < bk4 r p 2 < gmÅÇÆ�È � Æ�Ë S2 < 7 9?>JDIb~7 2 E < 50D <`p DIb?bk2 p 9 < 7JD#465�265�� áa9?]I9 < 7J5?/�çèEI> Ú
265 < E Í r <`p 9?> Í DYKm7 E3> 9kÎ < 9aD <`p 2 @An	> E*]I9PEIr	>�n	> E#L
n�EM5 D#4 Í 2 7 O�7 O	9�2 < 7 9 < 7 2 E < E#d`5x9?9?Ú%2 < gªD#n	n	> E*]*D#4#2 < 7 O	9
5xn	> 2 < g�v#\I\ � /
�����	������
���� "

� / Ä /�^ < D#@A2�D <`p .0/ t /�FG2 @ S n	> EIg Ä O	9?EI>q/ T O%Ks5?/
�MZ	} � {Iá � �xv#{%w%/

vs/)í�/ u`/ W�r	>JDI5 S O	9?nsLzn	O�1*{%w �I� v � w S Ä	� 1mL l0_ T L8v#{I{*L
{%w S Uªb~7�{%w S } Ä E+D#n	n�9qD#>î2 < 7 O	9 n	> Esbk9?9 p 2 < gM5E#d�7 O	9 t K%@An�EM5x2 r	@ùE < O	9qDY]%K�=
46DY]IEIr	>J5 SGt D < 7JDW�D#> H`D#>JD S uIr	4 K`wqL �I� S � {I{%w#�~/|	/ t / í p 4 9?> 9k7 D#4f/ T O%Ks5?/ � 9?]¢/ FG9k7x7q/ w*{ Ý vIv#\ é LvIv#\%w S � {I{%w _ h0^/� _ B�. _ =;U � Ä l0_ � _ .�í�

ÅÇÆÉÈ����MÆ�Ë
ÌË¢/

é /)=;B0í0F T > EIn�EM5 D#4 S .�O`D#> gI9 p Q�D#E < 5�D*7�7 O	9�1�D#2 <^ <*Û 9qb~7 EI> S íen	> 2 4 � Z S {Iá	/

=
2 gIr	> 9 �	/ Ä O	90H�9?O`DY]%2 EI>�E#d¢7 O	90Êmn`D#>x7�E#d¢7 O	90H�9qD#@

=
2 gIr	> 9�w%/ Ä O	9�13265 5x2 < g�1�DI5 5 t ÜMr`D#> 9AE#d�7 O	9�gI9 < L9?>JD*7 9 p 5x2 g < D#4�D <`p H`DIbJÚ%gI> EIr <`p 5�bkEI> > 9q5xn�E <`p 2 < g�7 E
7 O	9 Í O	EI4 9�9kXsn�9?> 2 @A9 < 7


