
���������
	���	�
��������������������� "!$#�%'&)(�*,+��-#�.
/10�2436587�94/4/6:

;=<�> 36?A@CB6D4E6?FD4EGB�H < IJ<GK ?�DL@CBM?AEON
P ?AQ858R KTS1U @VHWEYXZQ[XZ3MX\?

] ^O_J`�acb�d�e�fg`�hAbi_

jkU QlRmE S XZ?on6@\?pRZ?AEYX\R�X U ?F58DLXZ?�RqXkD4BMrsDLEutv?pRTQ8EwX U ? j Q8xJ? SLy
z 58Q[{ U X-| j}>Fzc~g� DL58Q[�6@CDsX\Q S E
R SLy Xq�kDL@\? <M� ?pRZ365[X\RVD4@Z?�n6@\?pRZ?AEYXZ?�B S E6587 y�S @VX U ? z�zc� |�X U DLX�Q8RpN j}>Fz : ~ NM�63MXVX U ?,R S4y X��
�kDL@\?kR U6S 3658BJ��?}DLnGn65[QltAD4�658? y�S @mD45[5 j}>Fz R�3G�GR�7YX\?AxwR <1�Vy XZ?p@TtpDL58Q[�6@CDsX\Q S EONs�g?VxJ?�D4RZ36@\?
D j}>Fz @\?pR S 583MXZQ S E SLy :p/Y�snGRpN�@\DLX U ?p@-�u?AX�X\?A@-X U DLE�X U ?':p�4/4nGR�n6@\?Ar�Q S 3GRZ5[7 S �MX\D4Q[EG?pB <
jkU ?FxwDs� S @TQ[x�n6@ S r4?px�?AEYX y @ S x�X U ?o?�DL@\5[Q8?A@T@Z?�R�365[X\RgQlR�X U DsXk�g?oE S ��3uR�?}X U ?-t U D4E6E6?A5
��7wt U DLE6EG?A5�tADL58Q8�6@\DLXZQ S EGR y�S @TX U ? jV;-� RANMD4EGBwX U ?o?A��?�t�X\Q[r1?FRZnu?p?pB SLy 58Q[{ U X-|�BM?AE S XZ?�B
��7��A�q���8�s� ~ QlRTE S � S �MXCDLQ8E6?pB y�S @k?pD1t U RZ58DLX < HWE�D1B6BMQ[XZQ S EONM�g?FE S �$n�?A@ y�S @\x)DiRZ5[?p�VQ[EG{
t S @Z@\?ptvXZQ S E y�S @kX U ? j}>Fz R�5lDsXCR <

� ��bi��`� ¢¡-ac£

jkU ?�tpDL58Q[�6@CDsX\Q S EGR�n6@\?pRZ?AEYXZ?�B U ?A@\? U D�r4?���?A?pE S �MXCDLQ8E6?pBF3GRZQ[EG{kX U ?mtA58D1RZRZ?pR�¤M¥�¦6§Y¨Y©uª�«M¬�­�®M©M¯M°4±�§Y²1³6°Y´
DLEuBµ¤M¥�¦6§Y¨1¶6´M°4®6¯4¶6´M°Y¯1·�©M¯�°4±�§Y²1³6°Y´ <���S xJ?1Nm�636X�E S X�74?vX�D45[5 SLy X U ?¸R S4y Xq�gD4@Z?�?AxJ�
n65 S 74?�B�QlRVn636�658QltADL58587�D�rsDLQ858D4�65[? <6� 585O�VQ85[5O��?-n636�G5[Qlt���7wX U ?-?pEGB SLy�¹ ?p?Aº�940 <

» ¼ £k`�½�b�d¿¾�¼ ¡F`�fm½'hp_�ÀÂÁÄÃÆÅ ½'hC`�ÇÄ`�bÈ`�ac¡-f�É�Ç

Ê ?�DLE6Q8E6{ y 3G5 j}>Fz tAD45[Q8�6@CDsXZQ S EuR�Q8E'X U ? z6S @Z�kDL@CB � nu?�t�X\@ S xJ?AXZ?p@FD4@ZxË@Z?�ÌY36Q[@\? S E6?-X S
Í @CRqXV@\?pt S EGR�XZ@\3Gt�XgXZ@CD4tCºMRTX S X U ? j}>Fz R�3G�GR�7MR�XZ?px)36EGBM?p@}t S EGRZQ8BM?p@\DLXZQ S E <�Î D�r�Q8E6{ S �M�
X\D4Q[EG?pB'X\@\D1tCºMRAN S E6?Jº�E S ��R}X U ?JXZ@CD4tCº�58?AE6{4X U DLEGB¸tADLE¸xwDsX\t U X U ?JX\@\D1tCº�X S X U ?wDLnM�
n6@ S n6@\QlDsXZ? j}>Fz¿U QÏX <GjkU ?-xwDsX U Q[EG{wQ8R�D1tAt S x�n6Q85[QlR U ?pB��Y7�n6@ S �q?ptvXZQ8E6{wDiXZ@CD4tCº y @ S xÄD
XZ@CD4tCº�Q8E6{�t U DLxi�u?p@oX S X U ?wn65lDLEG? S4y X U ? j}>Fz RZ36�GRZ7YXZ?AxÐ|ZÑ�ÒÔÓ1Ò y @ S x j 9�X S'j}>Fz : ~
DLEuB Í EGBMQ8E6{�X U ?itA5 S R�?�RqX j}>FzÕU QÏX <u¹ ? U D�r1?=t U6S R�?pE�X S Í @CR�XoR�?�DL@Ct U�y�S @}X U ?Jtv5 S RZ?pR�X
U Q[X}Q8E�Ö <u¹ ?JBM? Í EG?=D�RZ58DLX}D4R���?AQ8E6{�×MØÚÙ
Q y X U ?JR�5lDsX U D4R}D�rsD45[QlB�XZQ8x�?,Q8E�X U ? jV;�� R
t S @Z@\?pRZn S EGBMQ8E6{�X S X U ?wX S nÛD4EGB¸� S X�X S xÜX\36��?pRpN
DLEGB¸X U DsX-X U ?�R�Q8{4EuDL5cQ8EÛX U ?�t S @\@Z?A�
RZn S EGBMQ8E6{ �};-� R=QlR,D4� S r1?�X U @\?pR U6S 5lB <�> EG?wE S X\?pR-X U DsX=X U QlR,Q8x�xJ?�BMQlDsXZ?p5[7�@\?Ax S r4?�R
y @ S xÝt S EGRZQ8BM?p@\DLXZQ S EÞD4E�7�R�5lDsX y�S @�� U Qlt U X U ?A@\?JQ8R�D�n6@ S �658?AxßQ8E S E6? SLy X U ? y�S 36@w|�9
jV;-� N�9 �o;��k~ D4R\R S tAQ8DLXZ?pBÛt U D4E6E6?p58R�|àDLEuBÛQ8R=nu?p@ U D4nGR-X S�S RqX\@ZQlt�X�D'@\?pÌY36Q8@Z?pxJ?pEYX ~�<
jkU ?�Öán S RZQÏX\Q S E S4y X U ? U Q[X,Q8R�{1Q[r1?AE��Y7�X U ?w5 S tADsX\Q S E S4y X U ?�RZ58DLX <OjkU ?Jâ)n S RZQÏX\Q S E
tAD4E S E65[7��u? S �6X\DLQ8E6?�B�D y XZ?A@�tpDL58Q[�G@\DLXZQ8E6{,X U ?-?v��?ptvXZQ8r4?-R�n�?A?�B S4y 58Q[{ U XgQ8E�X U ?-RZ58DLXpN6D4R
�g?A585�D1R�X U ? S ��RZ?vX-|�X U DsXkQ8RpNY�T?o@Z?�Ì13GQ[@\?VX U DsXgX U ?Fx�Q8B6B65[? SLy X U ?FRZ5lDsXgt S @\@Z?�R�n S EuB6R�X S
â-ãF/ ~�<

jkU ? y�S 585 S �VQ[E6{ Í {136@Z?�RkQ[58583GRqX\@\DLXZ?FX U ?-x�DLX\t U Q8E6{�n6@ S tv?pB636@Z? <
z Q[{136@Z?=:oR U6S ��Rc� U ?p@Z?�Q8Ewâä{45 S �GD456XZ@CD4tCºMRcQ8EYXZ?p@\RZ?ptvX j}>Fz : <1P}S X\?�X U DsXmX U QlRmn65 S X

U D1RVE S X U Q8E6{wX S B S �VQÏX U X U ?inu?p@ y�S @ZxwD4EGtv? SLy�j}>Fz :4åGQÏXFQ8R S E6587�X U ?,Q8E1X\?A@CR�?�t�X\Q S E S4y
X U ?�XZ@CD4tCºw58Q[E6?-�VQ[X U X U ?-n65lDLE6?�Q8E�� U Q8t U'j}>Fz :�5[Q8?pR <

:



jkU ?-?v��?ptvXZQ8r4?-RZnu?p?pB SLy 5[Q8{ U XVQlR S �MXCDLQ8E6?pB y @ S xáX U ?,R�5 S n�? SLy X U ?-58Q8E6?,BM?pR\tv@\Q8�6Q[EG{
X U ?JBMQ[��?A@\?AEGtA?=Q8E�X U ?,XZQ8x�?i@\?A{1Q8R�XZ?p@Z?�B���7�X U ?=X S n�DLEGB�� S X�X S xÝt U DLEGE6?A5lR S4y D�{1Q[r1?
RZ58DLXor4?p@\RZ3GR�X U ?iâ�n S RZQ[XZQ S E S E'X U ?�RZ58DLXpN S �MXCDLQ8E6?pB¸D4RFBM?pR\tv@\Q[��?pBON S4y X U ?JQ[x�n6Q8E6{1Q[E6{
nGD4@�X\Q8tA5[? <1jkU ?Ftv36@\r4?�R y�S @gDL585�RZ5lDsX\Ro|���? y�S @Z? S ��R�?AXgtAD45[Q8�6@CDsX\Q S E ~ DL@\?}R U6S �æQ[E z Q8{43G@Z?o9

> E6?itpDLEON SLy t S 36@CRZ?4NuD458R S n65 S XoX U ?iÖçBMQlR�XZ@\Q[�636XZQ S E S4y X U ?in6@ S �q?ptvXZ?�B�XZ@CD4tCºMR <�>}y
x S @\?,Q8E1X\?A@\?pR�XoQlR�X U ?�BMQÏ��?A@\?AEutv?=��?vXq�g?A?pE'X U ?=5 S tpDsX\Q S E SLy X U ?=X\@\D1tCº S E j}>Fz :=DLEuB
X U ? U Q[X\RFD4tpt S @CBMQ8E6{�X S�j}>Fz : <�� 3Gt U n65 S X\RFDL585 S � S E6?,X S D4R\R�?�RZR U6S �èt S @Z@\?A5lDsX\?pB�X U ?
j}>FzéU Q[X\RFDL@\?,X S X U ?in6@ S �q?ptvXZ?�B�XZ@CD4tCºMR <uz Q[{136@\?i�w?Aê U Q[�6Q[X\R�RZ3Gt U D�n65 S X y�S @ j}>Fz : <
Î ?p@Z?��T?�R U6S ��X U ?�BMQ[��?A@\?AEGtA?���?vXq�g?A?AEÛX U ? j}>Fz êën S R�XZQ S E¿DLEuBÛX U ?�XZ@CD4tCº U Q[X=ê
n S RZQÏX\Q S E y�S @=D45[5gt S xi�6Q8EGDsX\Q S EGR SLy rsDL58QlB U QÏX�DLEGBÛnG@ S �q?pt�X\?pB¸XZ@CD4tCº <
jkU ?�@\?pRZ365ÏX,QlR=D
�6@ S D1B��GD4tCº�{4@ S 3GEGB SLy 36EGt S @\@Z?p58DLXZ?�B�nuDLQ8@\R S E'X S n S4y � U Q8t U Q8RFDwEGD4@Z@ S ��| S EG?=R�5lDsX
�VQlB�X Uu~ nu?�DLº S4y t S @\@Z?p58DLXZ?pB�nGD4Q[@CR <6P}S X\?�X U DLX z Q8{43G@Z?-�wR U6S ��RVDL585�nGDLQ8@CR <GjkU ?,D4t�X\3GDL5
RZ?A58?pt�X\Q S E=QlR�B S E6?g��7 Í EGBMQ8E6{oX U ? U Q[X�tv5 S RZ?pR�X
X S X U ?kn6@ S �q?ptvXZ?pB,XZ@CD4tCº <s� 3Gt U Don65 S XctAD4E
DL5lR S �u?�n6@ S BM3GtA?pBwQ8E�âJN�D4EGB�QlRkR UGS �VE�Q[E z Q[{136@Z?oì < HWE�X U Q8R Í {136@\?�X U ?F3GEGt S @Z@\?A5lDsX\?pB
�GD1tCºY{1@ S 36EGB�Q8RVD1RZRZ7�xJ?AXZ@\Q8t�BM3G?�X S X U ?,D4R\R�7�x�?vX\@ZQlt�BMQ8R�XZ@\36�6Q S Eë|àQ[E�âiNuR�?p? z Q8{43G@Z?�: ~
SLy n6@ S �q?ptvXZ?�B�X\@\D1tCº�R <

� 3Gt U D�n65 S X�tADLEiDL5lR S �u?gn6@ S B63Gtv?�B-Q[E=âiN�DLEGB=Q8R�R U6S �VE,Q8E z Q[{136@Z?Tì < HWE,X U Q8R Í {136@\?
X U ?F3GEGt S @Z@\?A5lDsX\?pBw�GD1tCº�{4@ S 36EGB�Q8RkD4R\RZ7Yx�?AXZ@\Q8tFBM36?FX S X U ?,D4R\R�7�x�?vX\@ZQlt}BMQlR�XZ@\36�6Q S EÛ|�Q8E
âiN�RZ?A? z Q8{436@\?�: ~�SLy n6@ S �q?�t�XZ?�B�XZ@CD4tCºMR <GP�S �äX U DsXo�g? U D�r4?-� S X U�í=î D4EGB íJï Nu�T?
tAD4E Í EGB�X U ? U Q[Xm� U Qlt U Q8R�X U ?}�u?�RqXmxwDLX\t U X S D�{4Q8r4?AEJX\@\D1tCº < HWE�X U QlRmt S EYXZ?AêYX�N
ðZ�u?�RqXCñ
x�?pD4EGRoX U DLX U QÏX-� U Qlt U QlR-tv5 S RZ?pR�XFQ8EÞÖiNODLEGB y�S @�� U Qlt U X U ?�xwDL{4EGQÏX\3GBM? SLyTò�ó�ôàõqö�ï
QlRw5[?�RZRwX U D4E÷9LøGù�ú <mjkU ?�R�? U QÏXCR�DL@\?'E S �ût S EuR�QlBM?A@\?pBÕnGD4@�X S4y X U ?'X\@\D1tCº�N�D4EGBé�T?
tAD4E�E S �-N y�S @F?pD4t U XZ@CD4tCº�NuD1RZR S tvQlDsXZ?iD j}>Fz XZQ8x�?=X S DwX\@\D1tCº�58?AEG{LX U X S�S �MXCDLQ8E'X U ?
r4?p5 S tAQÏXq7 S4y X U ?-nGDL@ZXZQltv58?�� U Qlt U nG@ S BM3GtA?pB�X U ?�X\@\D1tCº <

ü ¼ £k`�½�b�d¿¾�ýþ^�ÿ

� R}R S�S E'D1Rk�T? U D�r1?�� S X U D�tAD45[Q8�6@CDsXZ?�B�XZQ8xJ?,D4EGB�D�{45 S �GD45�XZ@CD4tCº�NM�g?,tADLE���?A{1Q[E�X S
D4R\RZ?pRmX U ?-?AêYX\?AEYXkX S � U Qlt U �g?-tADLE�B S nGDL@ZXZQltv58?FQ8BM?pEYXZQ Í tADLXZQ S EÛ|���H ;�~�<6jkU ?FQ8E y�S @ZxwDs�
XZQ S Eë�g?�n S R\R�?�RZR=Q8R��OX U ?�X\@\D1tCºÞx S x�?pE1X\36x DLEGB¿5[?pE6{LX U DLEGB�X U ?�X\Q[x�? S4y�� Q8{ U X,X S
X U ?o{1Q[r1?AE j}>Fz R�3G�GR�7MR�XZ?pxÝ|�Q8E�X U Q8RgtAD1R�?1N j}>Fz : ~v< H�XVR U6S 365lBw��?oE S XZ?�B�X U DsXgX U ?oX U ?
XZ@CD4tCºi5[?pE6{LX U �T?V3uR�?}D1RZRZ36x�?pRcX U DLX�X U ?onGDL@ZXZQltv58?Vn6@ S BM3GtvQ8E6{-X U ? j}>Fz¸U Q[X S @\Q[{1Q[EuDsXZ?�B
DsXoX U ?Jt S 5[58Q8RZQ S E'r4?p@�X\?vê y�S 585 S �g?pB'D�RqX\@\D4Q[{ U X}XZ@CDs�q?ptvX S @Z7 y @ S xÆX U ?A@\?-X S X U ? S n�?AEGQ[E6{
SLyO; : <1¹ ?FDL5lR S D1RZRZ36x�?kX U DLXTnGD4@�X\Q8tA5[?�R � 7�RqX\@\D4Q[{ U XcX U @ S 36{ U X U ?}x�D4{4E6?AX\RpN1D4EGBJX U 3GR
36EGB6?A@\?pR�XZQ8x�DLXZ?gX U ?VnGDsX U 58?AE6{4X U r4?p@Z7,RZ58Q[{ U X\5[7�|àD y ?A�éx�Q[585[Q8x�?vX\?A@CRANLDLX�X U ?Vx S R�X ~v<L¹ ?
X U ?AE�n65 S XVX U ?=tAD458tA3658DLXZ?�B�X\Q[x�? y�S @�D y�S @�D�nGD4@�X\Q8tA5[?��VQ[X U X U ?-xJ?�D4RZ36@\?pB�r4?A5 S tvQ[Xq7wX S
� 7�D Í êM?pB�BMQlRqXCDLEGtA?w|àDLEuB�X U 3uRk@Z?px S r1?}X U ?�?v��?ptvX S4y X U ?-x S rYQ8E6{Jr4?p@�X\?vê ~ NMDLEuB�n65 S X
X U Q8RoÌ13uDLEYXZQ[Xq7�D1R}D y 36Eut�XZQ S E SLy x S x�?AEYXZ3GxÆX\Q[x�?�R}t U D4@Z{1?,RqXCDsXZ?�|�Q < ? < D4E1X\QÏ��nGD4@�X\Q8tA5[?�R
DL@\?�R U6S �VE��VQ[X U E6?A{YDsX\Q[r1?Fx S xJ?pEYXZ36x ~�<
H ygS E6?Jx�D4º4?�RFRZ3Gt U D�nG5 S X S E65[7Þx�DLX\t U Q8E6{ U Q[X\R�Q8E¸ÖiNOD4R�Q8E z Q8{436@\?��6N S E6?wRZ?A?pR

tv58?pD4@Z587�D��GD4EGB SLy nuDL@ZXZQltv58?pR-t S @Z@\?pRZn S EGBMQ8E6{Û|�n6@\Q8x�D4@ZQ8587 ~ X S n6Q S EGR�|�DL5[X U6S 36{ U X U ?p@Z?
tAD4EJtA?A@ZX\D4Q[E6587=��?Vx=3 S EwDLEGBJ?�tv58?pt�X\@ S EJt S EYX\D4x�Q[EGDLXZQ S E ~v< HWEwD4B6BMQ[XZQ S E
N S E6?�RZ?A?�RcR�xwD45[5
�GD4EGB6R y�S @wºsD S EGRwD4EGBæDLEYXZQ��Yn6@ S X S EGR <�jkU ?A@\?�R�?p?AxwRJX S ��?�DÛ�gD1R UÕSLy �GD4tCº�{1@ S 36EGB
��?vXq�g?A?AE�X U ?ir�D4@ZQ S 3uR�nGD4@�X\Q8tA5[?=Xq7Yn�?pRpN�D4Ro�T?p5[5�D4R y�S @F5 S E6{4?p@VXZQ8x�?pR <�j�S X\@Z7�X S tv58?pD4E
X U Q8Rw3GnONm�g?�@Z?�Ì13GQ[@\?�X U DLX�XZ@CD4tCº¿D4EGB U QÏX�x�DLX\t U Q8EÕâÜD1Rw�g?A585}D4R�Q8EæÖ=NTD4EGBÕX U ?

9



@\?pRZ365ÏXCR�DL@\?iR U6S �VEÞQ8E z Q8{436@\?	��� U ?p@Z?J�g?JRZ?A?iX U DLX-x S RqX S4y X U ?��GD1tCº�{4@ S 36EGB��VQÏX U
5lDL@\{4? j}>Fz Q8RgE S �æ{ S E6? <1jkU QlR U DLn6n�?AEuRm��?ptpDL3GRZ?�X U ?}@\?pÌY36Q8@Z?px�?AEYX�X U DsXgX U ? U Q[XgDLEuB
XZ@CD4tCº�xwDsX\t U Q[E'â�@Z?px S r4?pRpN y�S @}?vê6D4xJnG5[?1NGX U6S RZ?-XZ@CD4tCºMR}� U Q8t U n S Q[EYX}X S RZ58DLX\Ro�VQÏX U
x S @\?-X U DLE S E6? U QÏXw|�� U Qlt U �VQ8585���?in�?A@ y ?ptvXZ587'�T?p5[5�t S @Z@\?A5lDsX\?pB�Q8EÞÖiN��G3MXFE S XFDLXFD45[5
Q8E�X\Q[x�? ~�<
HWE�� S X U�z Q8{43G@Z?,�JDLEGB z Q[{136@\?
��DLX�XZ?pEYXZQ S E��gD1RgB6@\D��VE�X S X U ?F�uDLEGB SLy nGDL@ZXZQltv58?pR

S EiX U ?gn S RZQ[XZQ8r4?kx S x�?AEYXZ3GxþR�QlBM?k� U Qlt U � S 3G58BJR�?p?AxèX S �u?VBM36?kX S n6@ S X S EGR <s� tv5 S RZ?A@
5 SYS º�DsXVX U ?pRZ?-nGD4@�X\Q8tA5[?�Rk@Z?pr4?pD458RgX U DsXVX U ?pRZ? U D�r1? j}>Fz RkX S�S RZxwDL585�X S ��?=t S EGRZQ8R�XZ?pEYX
�VQ[X U nG@ S X S EuR S @\Q8{4Q8EGDsX\Q[E6{ y @ S xÆX U ?�t S 5858Q8RZQ S E < H�XFQlR}E S X�74?vX�tv58?pD4@o� U DLX}X U ?JR S 3G@\tA?
SLy X U ?�R�?�nGD4@�X\Q8tA5[?�RgQ8RpNM�T? U 7�n S X U6S R�Q��A?oX U DLXVX U ?p7�xwD�7w�u?�n6@ S X S EGR S @ZQ8{4Q8EGDsX\Q[EG{ y @ S x
X U ?��u?�DLx n6Q8nu?Þ|�DLEGB�X U 3GR y @ S x�
���� ó @\?pD1t�X\Q S EGR ~ D45ÏX U6S 3G{ U �T? U D�r4?�74?AX,X S B S
X U ?�� S @Zº�X S t S E Í @\x S @=BM?pEY7ÞX U QlR U 7�n S X UGS RZQ8R <
� XiD4EY7¸@\DLXZ?1N�X U ?�R�?�XZ@CD4tCºMR�� U Qlt U
n6@ S BM3Gtv?,X U ?�R�?=t S 36EYXCR�B S E S Xon S Q8EYX}�GD4tCº�X S X U ?it S 585[QlRZQ S E�r1?A@ZXZ?Aê <u¹ ?=n6@ S �q?ptvX�X U ?
z�zc� XZ@CD4tCºMR-�GD1tCºÞX S X U ?�Ö�� âÆnG58D4E6? S4y X U ?�t S 585[QlRZQ S E$|qØàÒÚÑ�Ò�X U ?�Ö�� âÆnG58D4E6?�DsXiX U ?
r4?p@�X\?vê�N4D1R�BM?vX\?A@\x�Q[E6?�B���7=X U ? KkK B6?vXZ?�t�X S @ ~ N1D4EGB�@\?pÌY36Q8@Z?gX U DsXmX U ?�n6@ S �q?�t�X\?pBiXZ@CD4tCº
58Q[E6?w�VQ[X U Q[E¿D�@CD4BMQ83GR SLy ��tvx SLy X U ?�D1RZRZ36x�?pB�@\?pD1t�XZQ S E¸r4?p@�X\?vêÕ| U ?A@\?4NO�g?�D4R\RZ36x�?
X U DsX-X U ?�t S 5[58Q8RZQ S E S tAtv3G@=DsX-X U ?�RZnGD4tA?Jn S Q8EYX�|à/GN /GN KkK r1?A@ZXZ?Aê ~Z~�<
jkU Q8R=Q8R,R U6S �VEÛQ8E
z Q[{136@\?�� <
� ?A58?ptvXZQ8E6{ S E65[7=XZ@CD4tCºMR�� U Qlt U�S @\Q[{1Q[EGDLXZ? y @ S x X U ?}t S 585[QlR�Q S E
Ns�T?}D4{1D4Q[EJQ[EuR�n�?ptvX�X U ?

x S x�?AEYX\36xÄr1?A@CR�3GR j}>Fz N6R U6S �VE�Q8E z Q[{136@Z?-0
DLEGB¸�g?�RZ?A?JX U DsX-X U ?���H ;áU D1RFQ[x�n6@ S r4?�B <OjkU QlR-tADLEÛDL5lR S ��?�R�?p?AE�Q[E¸X U ?wx�D1RZR

R\Ì13uDL@\?pBæn65 S X�Q[E z Q8{436@\?��GNT� U Qlt U n6@\?pRZ?AEYXCRwX U ?¸xwD4R\R�R\ÌY3GDL@\?pB�B6Q8R�XZ@\Q[�G3MXZQ S EGR y�S @
� ����� � I ?�� �st4N � �!��� ì I ?�� �stLN1DLEGB � ����� � I ?��
�st <1> E6?VE S XZ?pRcX U DLXcX U ?}D4EYXZQ��Yn6@ S X S E
n�?pDLº'QlR-tv58?pD4@Z587�@Z?�R S 5[r1?pB�DLX-5[?�D4R�XoX S ì I ?�� �stLN��636XFX U DsX-rsDL5858?A7'��?vXq�g?A?AE¸X U ?�D4EYXZQ��
n6@ S X S EGR�D4EGB"
$#&%('¿n�?pDLº�QlR}R S x�?A� U DLX}58?pR\R�n6@ S E S 36EGtA?pB�� U ?pE�Q[Eutv583GBMQ8E6{�B6DLX\Dw3Gn
X S � I ?��
�Lt <

jkU ? S E6587�xwDs� S @�t S @Z@\?ptvXZQ S E-X S X U ?VB6DsXCD}� U Q8t UiU D4R�74?AX�X S ��?TX\DLº1?AEiQ[EYX S D4tpt S 36EYX
QlR=X U ?�R�58?A�VQ8E6{Ût S @\@\?pt�X\Q S E y�S @JX U ? j}>Fz :�RZ5lDsX\R <cjkU QlR U D4RJE S �á��?A?AEæB S E6?4N�3GRZQ[E6{
n6@ S X S Xq7�nu?TR S4y Xq�gD4@Z? <pjkU ?gxwD4R\R
R\Ì13uDL@\?pB S �MX\D4Q[E6?�B,D y X\?A@�R�58?A�VQ8E6{Ft S @\@\?pt�X\Q S E-Q8R�R U6S �VE
Q8E z Q8{436@\?�:p/6NM� U Q8t U R UGS ��RmX U DsX��g?-tAD4E�RZ?An�?A@CDsXZ?�n6@ S X S EGR y @ S x)
+*,% 36n�X S DL� S 3MX
� < � I ?��
�Lt <

- ��e"./. ¡-a!0

jkU ?
��H ;"U D1Rg�u?p?AE�Q[x�n6@ S r4?�Bw��7wQ[EGtA5[3uBMQ[EG{iX U ?-tAD45[Q8�6@CDsXZQ S EuR y�S @TX U ? jV;�� R-|àn6@\?Ar�QÏ�
S 3uR�5874N��T?JD4R\R�3GxJ?�B�X U DsX-DL585��g?A@\?J91��nGR1�st U D4E6E6?A5 ~ N�DLEuB�� �q���8�s� tpDL58Q[�6@CDsX\Q S EGR=|àn6@\?Ar�QÏ�
S 3uR�587��T?FD4R\R�36x�?�BwX U Q8Rg�kD4RcX U ?-RZD4x�? y�S @kDL585�t U DLEGE6?A5lR ~cy�S @g?pD1t U R�5lDsX <6� 5[?p�VQ[EG{it S @��
@\?pt�X\Q S EGR U D�r4?}D458R S ��?A?AE�DLn6nG5[Q8?pB <Y¹ ? Í EGB�E S �éX U DLXg�g?otpDLEwQlBM?AEYX\Q y 7�|�DLEYXZQ ~ n6@ S X S EGR
36n�X S � < � I ?�� �st4N6DLEGB�ºsD S EGRk36n�X S � I ?�� �st <

2 ÁÕb ÿ b

� x S E6{JX U ?-x S R�XVQ[x�x�?pB6Q8DLXZ?�X\D1R�ºMR��
: <kj ?pR�X}tAD45[Q8�6@CDsX\Q S E�R SLy Xq�kDL@\?oQ8E Kg�}�cj 9 <

�



9 <kz Q8E6QlR U R SLy Xq�kDL@\?FB S tA36x�?AEYX\DLXZQ S E <
� <kÊ DLº4?-D45[5OR SLy Xq�kDL@\?onG36�658Q8tpDL585[7�D�r�D4Q[5lDL�G5[? <
ì < �m@ S BM3utv?-B P �LBM7 y�S @,|àDLEYX\Q ~ n6@ S X S EGR <
� <�� D45[Q8�6@CDsX\?�D4EGB�DLEGD45[7��A?,94/4/ I ?�� B6DLX\D�D4RVR S�S E�D4RkQ[X��u?�t S x�?�RVD�r�D4Q[5lDL�G5[? <

3 Å$hp_�¡�4�41065�5�5

� E�7éÌ13G?pR�XZQ S EGRw@\?A{YDL@CBMQ8E6{ÞX U QlR�B S tv3GxJ?pEYX�DLEGBéX U ?'@Z?�R�3G5ÏXCR U ?A@\?AQ8E�R UGS 365lBé�u?ÞB6QÏ�
@\?pt�X\?pBµX S H <ÔIJ<mK ?pDL@CBM?pEONc�u?�DL@CBM?AE87oEY�GQ < BMº <�� E�7µD4EGBæDL585�t S x�x�?AEYXCRwDLEGBæRZ36{4{1?pR��
XZQ S EuR'DL@\?¸r1?A@\7$�T?p58t S x�? < H��VQ[585,@\?pRZn S EGB�X S R�3ut U t S x�x�?AEYX\R�r�QlDµX U ?ë58Q8R�X\RZ?A@\r4?p@
9 ¥6¯&:<;
ª>=�°>? 9 ­u°A@CB6§>DoR S X U DsXkDL585uxwD�7J?AEs� S 7iX U ?o�VQ8R\B S x S4y x=7J@Z?pn6587 <�jkU Q8RTDLEGD45[7MRZQ8R
�kD4RFB S E6?J3GRZQ[EG{ Kk���cj �C:v�C:��L��� <6¹ ?wD4@Z?in6@Z?�R�?pEYXZ587�XZ?pR�XZQ8E6{�X U ?wR SLy Xq�kDL@\?,?Ax�n65 S 74?�B
�VQ[X U'Kk���cj 9 <
� 585 S4y X U ?�tv@\?pBMQ[X y�S @,X U ?�DLEGD45[7MRZQ8R,R U6S 3658BÛ{ S X SÞ;i<�> 36?A@CB6DLEG?4NOx�QlRqXCDLº4?�R,DLEuB

x�Q8R�X\DLXZ?pxJ?pEYX\RkQ8E�X U ?�XZ?Aê�X}DL@\?�B636?�X S H <uIJ<GK ?�DL@CBM?AE <

ì



EFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFE

EFEFEFE
EFEFEEFEEFEEFEEE

EFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFE

EFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEFE
EFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEFE EFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFEEFEFEFEFEFEFEFEFE

-15 -10 -5 0 5 10 15
0

200

400

600

800

1000

1200

bTrackY
Nent = 119214 
Mean  =  3.416
RMS   =   3.43

Y back track projection bTrackY
Nent = 119214 
Mean  =  3.416
RMS   =   3.43

Slat height

Y (cm)

TOF1 runs 2530, 2531, 2535

All global tracks

z Q[{136@�:<��â)BMQlRqX\@ZQ8�63MX\Q S E S4y {45 S �uDL5�XZ@CD4tCºMRon6@ S �q?ptvXZ?pB S EYX S�j}>Fz : <
> E6?JE S XZ?pRFX U DsX
X U ?A@\?¸DL@\? y ?A�ÝXZ@CD4tCºMRw�VQ[X UHG � /GNmX U QlR�QlR�B636?�X S Q8E6?JI�tvQ8?pR�Q8E j 9ën6@\?pRZ36xwDL�G5[7
D4R\R S tAQ8DLXZ?�B��VQ[X U X U ?-{YD4R �GS � y ?pDLXZ36@\?pR S4y X U DsX}BM?AXZ?ptvX S @ <

�



0

2

4

6

8

10

12

14

16

18

20

22

-8 -6 -4 -2 0 2 4 6 8
-10

-8

-6

-4

-2

0

2

4

6

8

10

ydt
Nent = 94675  
Mean x = -0.1589
Mean y =  3.419
RMS x  =  1.945
RMS y  =  3.392

ydt
Nent = 94675  
Mean x = -0.1589
Mean y =  3.419
RMS x  =  1.945
RMS y  =  3.392

Time (bot - top) before TDC delay correction∆Back track Y projection versus 

Time (tBot - tTop) in ns∆

Y
 p

ro
je

ct
io

n
 (

b
ac

k 
tr

ac
k)

z Q[{136@g9K�4âän6@ S �q?ptvXZQ S E S4y XZ@CD4tCºJr4?A@CRZ3GRcX\Q[x�?oB6QÏ��?A@\?AEGtA?i|à� S X�X S x¢��X S n ~ Q[E�X U ?�RZD4x�?
RZ58DLX <6jkU QlRVQlR y�S @�DL585
RZ58DLX\RpNMn6@\Q S @TX S�S ��R�?AX}tADL58Q8�6@\DLXZQ S E <

�



-15 -10 -5 0 5 10 15
0

2000

4000

6000

8000

10000

bDeltaX
Nent = 584537 
Mean  = -0.5001
RMS   =  7.227

X back track proj. - hit∆ bDeltaX
Nent = 584537 
Mean  = -0.5001
RMS   =  7.227

X (cm)∆

TOF1, runs 2530, 2531, 2535

All track-hit pairs
Selected pairs
(multiple matchings removed)

Width of the band: 1.5 cm

z Q[{136@T�L� ; QÏ��?A@\?AEutv?}Q8E j}>Fz�U Q[XgD4EGB�n6@ S �q?ptvXZ?�BJXZ@CD4tCºJÖ÷n S RZQÏX\Q S E <1jkU ?o�GD4tCº�{1@ S 36EGB
QlRiBM3G?�X S X U ?�36EGt S @\@Z?p58DLXZ?pB�X\@\D1tCºMR,DLEGB U QÏXCRAN�� U Q85[?�X U ?�n�?pDLº�|à� U Q8t U Q8RJDLn6nG@ S êMQ[�
xwDsX\?A587 S E6?�RZ58DLX��VQlBM?1NOD4RFQÏX,R U6S 3G58B¸�u? ~ R UGS ��R}X U DsX�X U ?A@\?JXZ@CD4tCºMRoD4EGB U QÏXCR�� U Qlt U
DL@\?�t S @\@\?A5lDsXZ?�B <

�



-15 -10 -5 0 5 10 15
0

2000

4000

6000

8000

10000

bDeltaY
Nent = 584537 
Mean  =   2.03
RMS   =  5.727

Y back track proj. - hit∆ bDeltaY
Nent = 584537 
Mean  =   2.03
RMS   =  5.727

MFMFMFMFMMFMFMFMFMMFMFMFMFMMFMFMFMFM
MFMFMMFMFMMFMFMMFMFM

MFMFM

MFMMMMM

M

M

All track-hit pairs

Pairs matching

(multiple matchings removed)

 = 0.55 cmmatchσ

(in X and Y)

Y (cm)∆

(TOF1, runs 2530, 2531, 2535)

z Q[{136@mìN� ; QÏ��?A@\?AEutv?}Q8E j}>Fz�U Q[XgD4EGB�n6@ S �q?ptvXZ?�BJXZ@CD4tCºiâ n S RZQÏX\Q S E <1jkU ?o�GD4tCº�{1@ S 36EGB
QlR�D4R\R�7�x�?vX\@ZQltFBM36?-X S�j 9JQ8E6?�IwtAQ[?pEGtv7 <GjkU ?-@\?pB Í 585[?�B U Q8R�X S {4@CDLxÄR U6S ��RTX UGS RZ?-nGDLQ8@\R
y�S @�� U Qlt U X U ? U Q[XcQ8RctA5 S R�?�RqX�Q[EJ� S X U Ö�DLEGB=âæX S X U ?VnG@ S �q?pt�X\?pB,XZ@CD4tCº�N�D4EGB y�S @�� U Qlt U
íiî QlRo58?pR\RoX U D4E¸/ < �4��RZ58DLXF�VQlB�X U R <OjkU ?J�VQlB�X U¸SLy X U ?JEGDL@\@ S �"{YDL3GR\R�QlDLEÞQ8RF@\?A5lDsXZ?�B
X S X U ?oX\Q[x�?�@\?pR S 583MXZQ S EONY�63MXV�VQ85[5�@CDLQlRZ?oÌY36?pR�XZQ S EuRTQ8E�X U ?�x�Q[EGB SLy X U ?-tv58?Ar1?A@g@Z?�D4BM?p@ <

0



0

10

20

30

40

50

-10 -8 -6 -4 -2 0 2 4 6 8 10
28

28.5

29

29.5

30

30.5

31

31.5

32

32.5

33

pid
Nent = 103112 
Mean x = -3.629
Mean y =  29.14
RMS x  =  3.606
RMS y  = 0.4669

pid
Nent = 103112 
Mean x = -3.629
Mean y =  29.14
RMS x  =  3.606
RMS y  = 0.4669

TOF1, runs 2530, 2531, 2535

Momentum (GeV/c)

Tof

z Q[{136@��O� � D458tA3658DLXZ?�B j}>Fz r1?A@CR�3GRJx S x�?pE1X\36x y�S @w@Z36EuR�91�L�1/6N�94�4�6:4Nc94�4�1� <�P}S XZ?
X U DsX�X U ?�xwDL{1E6?vXCR�DL@\?iRZ?vX�X S RZ?A58?pt�X�E6?p{1DsX\Q[r1?A587�t U DL@\{4?�B'nGD4@�X\Q8tA5[?�R <�jkU ? j}>Fz�U Q[X\R
DL@\?�xwDsX\t U ?pB�Q[E'Öèn S RZQ[XZQ S E S E65874NuDLEGB�E S tA5[?�DLE�36n�tv36X\R U D�r1?-�u?p?AE'DLnGn65[Q8?pB�X S X U ?
XZ@CD4tCºMR <MjkU ?�n6@ S X S E�58Q[º1?F�uDLEGB�Q8RVB636?�X S �GD1tCºY{1@ S 36EGB�D4EGB�Q8RVBMQlR\tv3GR\R�?�B�Q8E�X U ?�X\?vê�X <

�



0

10

20

30

40

50

-10 -8 -6 -4 -2 0 2 4 6 8 10
28

28.5

29

29.5

30

30.5

31

31.5

32

32.5

33

pid3
Nent = 83698  
Mean x = -3.707
Mean y =  29.09
RMS x  =  3.519
RMS y  = 0.2883

pid3
Nent = 83698  
Mean x = -3.707
Mean y =  29.09
RMS x  =  3.519
RMS y  = 0.2883

z Q[{136@��K� � D458tA3658DLXZ?�B j}>Fz r1?A@CR�3GRJx S x�?pE1X\36x y�S @w@Z36EuR�91�L�1/6N�94�4�6:4Nc94�4�1� <�P}S XZ?
X U DsX�X U ?�xwDL{1E6?vXCR�DL@\?iRZ?vX�X S RZ?A58?pt�X�E6?p{1DsX\Q[r1?A587�t U DL@\{4?�B'nGD4@�X\Q8tA5[?�R <�jkU ? j}>Fz�U Q[X\R
DL@\?mxwDLX\t U ?�B,Q8EiÖ�DLEuB,Q8E=âJNs�63MXcE S tv58?pDLEi36nitA3MX\R U D�r4?m��?A?pEJD4n6n658Q[?�B-X S X U ?TXZ@CD4tCºMR <
P�S �$X U ? %('ÛDLEGB�DLEYXZQ��YnG@ S X S E�R�Q8{4EGD458RkD4@Z?FÌ13GQÏX\?�tA5[?�DL@ <YjkU ?�|àn S R�Q[XZQ8r4? ~ n6@ S X S E�5[Q8º4?
�GD4EGB�QlR�BM3G?�X S �GD4tCº�{1@ S 36EGB�D4EGB�Q8R�B6Q8R\tv3GR\RZ?pB�Q[E�X U ?�XZ?vê�X <

:p/



YvsX
Nent = 94667  
Mean x =  1.151
Mean y = -2.626
RMS x  =  3.592
RMS y  =   2.25

X (cm)

Y
 (

cm
)

Track projection on BB vertex plane

1

10

10
2

-20 -15 -10 -5 0 5 10 15 20
-20

-15

-10

-5

0

5

10

15

20 YvsX
Nent = 94667  
Mean x =  1.151
Mean y = -2.626
RMS x  =  3.592
RMS y  =   2.25

Cut applied: 5cm around offset point
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cuts on track vertices (5 cm around BB vtx)

X of track - tof hit pairs∆Y and ∆cuts on 

Particle identification with TOF1 (negative runs)

no slewing correction
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