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Figure 29: The reconstructed impact parameter distributions for tracks in collider data. No trigger
selection is applied, so most events are multijet events with relatively low momentum tracks.
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Figure 30: The STT track reconstruction efficiency relative to the offline reconstruction as measured
using muons in Z → µµ decay. The horizontal axis is the maximum fit χ2 allowed for a “good”
STT track.
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Figure 27: Impact parameter resolution as a function of pT as determined from simulated single
muon events. The upper curve is for fits which have hits from three SMT layers; the lower, for fits
with four. The parameter values for the upper curve are a = 21 ± 0.4 µm, b = 69 ± 3 µm/GeV/c.
For the lower curve, the values are a = 18.6 ± 0.1, b = 54 ± 1 with the same units.

reconstruction program.

7 Summary

The Silicon Track Trigger described in this paper consists of custom hardware used to identify
pp collisions which result in production of b–flavored particles in near real–time. It resides in the
second level of the DØ trigger system and uses inputs from the first level track trigger and the
silicon micro-vertex detector to provide precision reconstruction of charged particle trajectories in
the rφ plane. This system can significantly enhance the DØ physics capability in such diverse
areas as b–flavored jet energy calibration, the ability to fully reconstruct BS decays, the top mass
precision and sensitivity to searches for the Higgs boson. The STT fits tracks using a combination
of SMT and CFT information and is particularly geared toward measuring impact parameters. The
intrinsic precision is roughly 20 µm for high-pT tracks, with an additional contribution of roughly
35 µm from the beam spot. The single–hit resolution and multiple scattering effects are of similar
size for tracks of pT ≈ 2.5 GeV. The STT computations introduce negligible dead time to the DØ
data taking.
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Figure 29: The reconstructed impact parameter distributions for tracks in collider data. No trigger
selection is applied, so most events are multijet events with relatively low momentum tracks.
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Figure 30: The STT track reconstruction efficiency relative to the offline reconstruction as measured
using muons in Z → µµ decay. The horizontal axis is the maximum fit χ2 allowed for a “good”
STT track.
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Figure 31: The efficiency versus purity for good STT tracks relative to good tracks found by
the offline reconstruction in a sample dominated by multijet events. Each point corresponds to a
different definition of the STT good track requirements.
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× Ã Ø {´{��L�J��ÎB�Ó�328K¯>3(+?iKsb25D+0M.E28G�28?eKr,92©�328KHb25>§RN0M,r4528>§45,9B�K�I28,925>z:-2/>Ub25.E2848K9BE(+?��H')(M*-,¯,92©�328K925,¯.`2/<-,3*-B`K
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�Â2�<T,9*-B�K�:-2�a¥(+?-:nBE?->�KL,3*-G�28?iK70M.J28>3K�a¥(+,�KL25G�25?iK�,Ub25:-*-B�K�RN0M,§.`25>§45,3B`K�I25,928>�:-2�>Ub25.`254�KLBE(M?n>3*-B`[P0M?iK925>5�
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.�otBE?iKL28,3[P0M.`.E2S:-*�>9B`D+?N0M.�� #/R-,5I25>�:-(+*-<-.`2kb2�KLB`¡U*T28K70PD+2�:T2�>90´[M25*-,y~ � �ªb2�[ b25?-28G�28?eK9>S>9(M?eKO(+<->325,�[ b28>
RN0M,C,L0MRTR](+,�K�0P*H³ �	� � h b2�[ b28?-25G�25?iK9>�0PK3KL25?T:-*->K� �Â2O<-,3*-B`KC:-2�a¥(+?-:n:-(+G�BE?N0P?eKC28>3K�.E0�RT,9(U:-*-48K9BE(+?
:Jot*-?|<=(+>9(+?n[+2848KL28*-,�u (M*
×�0P4545(MG�RN0PD+?rb2�:-2§�32�KL>�����0M?T>F.½o�b28476N0M?iKLB`.E.E(M?n>3BEG�R-.E28G�28?iKqb28KLB`¡e*-28KHb2
BE.),925>�KL2qf hM� b28[�b25?T25G�25?iKL>�45(+?iK9,92 � ³ � �kb2�[ b28?-25G�25?iK9>O0¤K9KL28?-:-*->��<��0�£ND+*-,32 � � � G�(+?iK9,92S.E0sGs0P>9>92
BE?i[P0M,9BE0M?iKL2�:-28>�:-25*H³S�32�KL>�:-(+G�BE?-0M?iKL>§:-2�.�o©b25476-0M?iKLBE.`.E(+?s:-(+*-<-.`25G�25?iKwb28K9BE¡e*-28KHb2E�

�� � ��� �$�('%�9���!�&�'��q���(�+�*)-���#+-,Ö�/.0)e��)e�
�Â2A<-*TK�:-2A.½o�0M?-0M.`�U>92O25>�KO.E0s,928476-25,3476-2�:Jop*T?_2�³H4MI25>�:Jo©b28[�b28?-25G�25?iKL>�:N0M?T>�*-?-2Sa¥25?JÕ28KL,32;:-2AGs0P>9>92
BE?i[P0M,9BE0M?iKL2W:-2 � �328KL>n:-2�~��1��0k,Ub28>9(+.`*TKLB`(+?Y,925.E0PKLB�[+2
:-2_.10dG�0M>9>32WBE?i[P0M,9BE0M?iKL2W:-25>n:-28*H³��328K9>
25>�K;25>3K9BEGkb252�RN0M,y.E0¦>9B`GS*-.E0PKLB`(+?W:-2^>9B`D+?N0M.�I0¦28?e[UB`,9(+?ªf � Ù �&�z28K3KL2s[P0M.`25*-,y0¼b28KHb2cb28[P0M.E*rb252sR=(+*-,
:-25>AG�0M>3>925>y:-*d<](M>9(+?d:-2^@FBEDMD+>y:-2¦f h �V2�Kqf � � j 2�l��`��0Va¥28?JÕ28K9,92q:-2sGs0M>3>92^28>3KA:rb28£N?-B`2^RN0M,
.�otBE?iKL28,3[P0M.`.E2¯:-21�Af ¹ � � 0P*TKL(+*T,�:-2F.E0�G�(´�M25?-?-2C:-2C.10�:-B`>3K9,9BE<T*TKLB`(+?A:-2�Gs0P>9>92C:N0M?T>Ó.E0�>9BEGy*-.10PK9BE(+? �
�Â25>�25,3,928*-,9>�>��H>�KHb28Gs0PK9BE¡e*-28>�R-,9(´[UBE28?-?-25?iK�:-2A.½op2���4�0M48B`KHb2O:-*W:rb2548.E28?-476-25G�25?iK5 J:-2A.�ot2���450M45B�KHb2y:T2
,92845(+?->�KL,3*-48K9BE(+?�:-2Q�328KL>8 i:-2C.10�45(M,9,92848K9BE(+?�:-2�.�o�b25?-28,9D+B`2§:-25>J�328K9>5 i:-2C.10�,Ub25>3(+.E*TK9BE(+?;28?kb28?-25,3D+BE2�:-28>
�328K9>5 �:-2;.�o�b28K9BE¡e*-28KL0M<-B`.EB`KHb2y2�KO:T2�.½o�b2�KLB`¡U*T28K70PD+2M Â:-2;.½op28>3KLB`Gs0¤KLBE(M?|:-*_<-,9*-B�K�:-2Aa¥(+?-:_BE?->�KL,3*-G�28?iK70M.
28KC:-28>F>32548K9BE(+?T>C2���4�0M4825>C:-25>C<-,9*TB`KL>§:T2�a¥(M?-:��

��ot25,3,925*T,§>9*-,�.10O.E*-G�BE?-(M>9B`KHb2/28>3K�25>�KLB`Gkb282sI0 � � � Ù � )�?T¶52
b28[�b25?T25G�25?iKL>C:-(+*-<T.E25G�25?iK^b2�KLBE¡e*-2�KHb28>
28K �+� b28[�b25?T25G�25?iKL>F>9BEG�R-.`25G�25?iKqb28K9BE¡e*-28KHb25>C>9(+?iKF(+<->325,3[�b28>/:N0M?T>C.E0Sa¥25?JÕ2�KL,92�:-2�G�0M>9>32y0M*HKL(+*-,§:T2
f+f � j 28l�� �Â2A<-,9*-B�K�:-2Sa¥(+?T:W0PK9K925?-:-*_R=(+*-,�.½o�b28476N0M?iKLB`.E.E(M?¦:-(+*T<-.E28G�28?eK|b2�KLB`¡U*T28KHb2A28>3K � ¹ ³ � f ¹ �
28K � ³ ¹ h � � ¹ fdb2�[ b25?-28G�28?eK9>yR=(+*-,�.½o�b28476N0M?iKLB`.E.`(+?|>9B`G�RT.E25G�25?iK¦b2�KLB`¡U*T28KHb2C�<��o�0M484528RTK70M?T452�0PK9K925?-:-*T2
:Jot*-?
>9B`D+?N0M.)×/x 25>3K Ã f ¹ h ³ � h ¹º� h Î Ù 2�K Ã h ¹ � �1� h ¹ f ³ Î Ù R=(+*-,F*-?«b28476N0M?iKLB`.E.E(M?V:-(M*-<-.E28G�28?iK�28K
>9B`G�R-.`25G�25?iKOb2�KLB`¡U*T28KHb2§,325>3R]2848KLB�[+28G�28?eKK����0/GVÕ28G�2¯0M?N0M.��H>32¯25>�K ,Ub28R]2�KHb252§R=(+*-,)KL,9(MBE>&0P*TKL,325>�R=(+BE?iKL>
:-2sG�0M>3>92�:-* <=(+>9(M?�:-2s@FB`D+D+>5 �f h �H �f � �q28K�f � � j 28lS �2�KO.`25>�,928>9*-.�K70PK9>O>3(+?iKy:-(M?-?rb25>O:N0M?->�.E2
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Ò 0M>9>32O:-*n<=(+>9(+?w:-2O@FB`D+D+> f h � j 28l f+f � j 28l f � � j 2�l f � � j 2�l
�ÂB`G�B�KL2/48(+GS<-B`?rb252�:-2O×/xÐ(+<T>925,�[ b252���R-<�� � � ³ � � � � �
� � � �
�ÂB`G�B�KL2/48(+GS<-B`?rb252�:-2O×/xm0PK3KL28?-:-*-2}�ÀR-<j� � �`f � � � � � ³ � �`f
�ÂB`G�B�KL2/48(+GS<-B`?rb252�:-2Ou x (+<->325,�[ b282 �ÀR-<j� � � � � � � � � ³ � � �
�ÂB`G�B�KL2/48(+GS<-B`?rb252�:-2Ou xÐ0PK3KL25?T:-*-2���R-<�� � � � � � � � � h ��� h
��N�O�PRQ!N�S 	'T 	'U�V�W�YZW£[ Q^]e_�O�]aQab�cedQ=Q^]�Q [ N [�[ Q^gihjS'Q^]`]$S�bePkN5]aQ$l [mW _Kg�QanlaNCl^Q5h�Q�PkNpoib^_�hjSEl [mW _Kg�� � Q [
 � � _ |S�PRQ��7]aQ5h0dQ^] W g [K|Q � b^Q	Q^g�S�gjQ3o�N W b^Q	h�Qpg�Q�S [ b W g�_K]�� z� � PRQ O�_K]^_Kg  Q^g�S�g�PRQ;o [ _Kg�l���NKb � dQ
Q [ S�g g�Q�S [ b W g�_�Q [ P§Q �0W���� ]LQ^g S�gjQ1o�N W b^Qh�Q   S�NKb��E] x^zx |N¢~����8h�Q?g W c$Q!N�S�h�Q�l^_Kg � N�g¡l^Q�Q^g
�m_Kgil [mW _Kg+h�Q�PkN Y N�].]^Q3hjS	O�_K]a_Kg �pW���� ] T&V Q^]XP W�YZW\[ Q^] h�Q^]LdQ$l���N�g [mW P�P§_Kg�] h�_�S�O�PRQ Y Q^g [ Q [ ] WkY o¡PRQ Y Q^g [
dQ [mW   S'Q [ dQ^]0]^_Kg [ Q^g�]$S W\[ Q	l^_ Y O W g5dQ=Q^] T

K70M<-.`2�0M* � � � �
¾UBJ.E2�.`25RTK9(+?qR-,3(�[M25?N0P?eKF:Jot*-?w<](M>9(+?Vu ?Jop28>3K�RN0P>C,32548(+?->3K9,9*-B�K§.E2/R-,9(U4528>9>9*T>F:-2�>3BED+?-0M.�R=25*TK

Õ28KL,32§45(+?T>925,�[ b2C:-0M?->�.�o©b25476-0M?iKLBE.`.E(+?y45(+?iKL28?N0M?iK :-2§.½o�b28?-25,3D+BE2zK9,L0M?T>3[+28,9>32FG�0M?-¡e*N0M?iK92§R-.E*->Q:-25>��328K9>5 
¡U*TB-?Jot25>3K R-0M>�R]2�KLB�K&RN0M,Q,L0MR-R=(+,�K 0M*H³S>9BEDM?N0M*H³A×/x 25>�KLB`Gkb28>K�+vC?-2�0MGkb25.`BE(+,90PKLB`(+?�:-2§.10/>325?->3BE<-B`.EB�KHb2
:-2�.�op0M?N0P.`�U>92/u x 25>�K§:-(+?-4/0PK9K925?-:T*-2�>9B=.�ot(+?^R-,325?-:q28?q45(+G�RTK92/452�Ksb25476-0M?iKLBE.`.E(+? ����op0M454825RTKL0M?-482
0PK9K925?-:-*T2y:Jot*-?¦>3BED+?-0M.Zu x :N0P?->/.E0Aa¥28?JÕ28K9,92O:-2OG�0M>3>92y:�op*-?V<](M>9(+?V:-2y@CBED+DM>C:T2sf+f � j 28l�25>3K
Ã h ¹ ³ � � h ¹ hM� Î Ù R](+*T,Ó.½op28476N0M?iKLB`.E.`(+?A:-(+*-<T.E25G�25?iKAb28K9BE¡e*-2�KHb2�28K Ã h ¹ ³ � � h ¹ h+� Î Ù R](M*-, .�o�b25476N0M?iK9BE.E.`(+?
>9BEG�R-.`25G�25?iKsb28K9BE¡e*-2�KHb2E�

�Â28>/:-28*H³¦0M?N0M.��H>325>F:-2y:-(M*-<-.E2�28KF>9B`G�RT.E2
b28K9BE¡e*-28KL0MD+2�>9(+?iK/25?->3*-B`K92y45(MGS<-BE?rb2525>�����28>/.`BEG�B`KL28>
>9(+?iK�:zb25,3B`[ b2528>_I0WRN0M,3K9BE,;:-28>�:-B`>3K9,9BE<T*TKLB`(+?->A:-2nGs0P>9>92nBE?i[P0M,3B10M?iKL2w:-28>�:T25*H³
�328K9>5  25?c*TKLB`.EB`>L0M?iK
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95% C.L. upper limit
( --- expected limit)

Standard Model

��W�� S�b^Q 	'T ¤&U VXW�YZW\[ Q^]�]$S�b+PkN}]aQ$l [mW _Kg QanlaNCl^Q}h�Q1oib^_�hjSEl [mW _Kg�� � q¢s`t1u � v x^zx={ |N ~���� h�Q
g W c$Q!N�S?h�Q�l^_Kg � N�gil^Q�Q^g�m_Kgil [mW _Kg�h�QpPkN Y N�].]^Q5hjS�O�_K]^_Kg�h�Q �0W���� ] T�V N�] [ N [mW ] [mWm  S'Q�l^_�b.b^Q^]�o�_Kg¡h
|N�S�gjQ�P�S YZW g�_K] W\[ dQ W g [ dQ � bXdQ=QZh�Q ��®�± o<O �N� T
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.�op0MR-R-,3(H476T2�a¥,Ub25¡e*-28?eK9BE>�KL2�G�(U:-B`£zb252M T.10SGkb28KL6T(H:-2 �L���+� �UfK�p� � � � �i�Z0;.EB`G�B�KL2AI0 ��� Ù :-2�?-B�[+250M*V:T2
45(+?H£¨0M?-482sR=(+*-,�.E2;R-,9(U4528>9>3*-> � Ã � ��kØ ×/x
Î � � Ã x Ø ~7�~5Î�25>�Ky:T2 � � � RT< 28Ky.10q.EB`G�B�KL2SR=(+*-,
.E2�R-,9(U4528>9>3*-> � Ã � ��nØ u x
Î�� � Ã x Ø ~7�~8Î§[P0M*HK � � �AR-<¦R=(+*-,C*-?-2�Gs0P>9>92�:-*|<=(+>3(+?V:T2S@FB`D+D+>
:-2;f+f � j 28l��i��28>�.EBEG�B`K925>ÓR](M*-,§¡e*N0PKL,32�Gs0M>3>928>C:TB �Cb25,928?iKL25>C>9(M?eK�:T(+?-?rb2825>C:N0M?->�.E2�KL0M<-.`2�0M* � � � �
��0w£NDM*-,92 � � � G�(M?eK9,92;.�o©b28[M(+.E*HKLBE(M?|:-25>�.EB`G�B�KL28>/25?Wa¥(+?-4�KLB`(+?
:-2;.10^G�0M>9>32;:-*�<=(+>3(+?�:T2�@CBED+DM>K�
')(+*T,�.10;R-,9(U:-*-4�KLB`(+?W×/x GS*-.`K9BER-.`B�b282�RN0M,/.`2O,90MR-R=(+,3KF:-2S<T,L0M?-476T25G�25?iK�:-*|<=(+>3(+?|:-2y@FBEDMD+>F28?
*-?-2�RN0MB`,92�:-2�¡e*N0M, Ae>F~ �~�.10A.EB`G�B�KL2/(M<->928,3[ b252wI0 ��� Ù :-2�?-B`[M2�0M*n:-2�45(+?H£¨0M?-482�[P0M,3BE2�25?iK9,92 � � �A28K
� � ³ R-< �e��0M?->�.E2§450M?N0M.=u x  M25?�R-,928?N0M?iKz28?�48(+G�RTKL2§.`2§,L0MR-R=(+,�K :-2F<T,L0M?-476T25G�25?iK¯xÁØ ~��~¯28K .E2
.E28RTKL(+?q?T(+?^,92845(+?T>3KL,3*-B`K¯.10y.`BEG�B`KL2§(M<->928,3[ b252�[P0M,9B`2/28?eK9,92 � � � 2�K � � � R-<��HX)(+*T>§.E25>r4�0M?-0M*H³q>325,3(+?iK
25?->3*-B`K92O48(+GS<-B`?rb25>§48(+G�G�2�4825.�I0;25>�KC:zb2548,9B`KC:N0P?->�.E2�RN0M,90MD+,90MR-6-2 � � � 0P£N?n:-2�:zb25,3B`[+28,F*T?-2�.EBEG�B`K92
:Jot2�³H45.`*->9B`(+?
G�28BE.`.E25*T,92�RN0M,F,L0MRTR](+,�K�I0s4825.`.E25>C(+<TK925?e*-28>�0´[M254A.`25>�0P?N0M.`�U>325>/>Ub25RN0P,Ub2528>5 ��V45(MG�R-,3BE>
.�op0M?N0M.��U>92�×/xÐ28KC.½o�0M?-0M.`�U>92�u xm0�[+284O.`25RTK9(+?w,92548(+?->�KL,9*TB`K�28KC?-(M?V,32545(M?->3K9,9*-B�K��
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�Z0qR-,3(H:T*-48K9BE(+?
:Jot*-?_<](M>9(+?W:-2�@FB`D+D+>�>32;:zb25>3BE?iKHb28D+,L0M?iK�25?�ugu������r25>3K
b2�KL*-:-B�b252A:N0P?->�.E2S450M?N0M.
:-B��¢.E25RHKL(+?-B`¡e*-2M�]ugu ����� Ø � ���Â0�[+284A:-25>Vb25.E2848K9,9(+?->/28K�:T25>�GS*T(+?->K�J�z28K¦b2�K70PKF£N?N0M.Z>92yGs0M?TB`a¥25>�KL2
RN0M,y:T25*H³ .E28RTKL(+?T> b25?-28,9D)b2�KLB`¡U*T25>S2�KA:-2^.½o�b28?-25,3D+BE2;KL,90M?->3[M25,3>92qG�0M?-¡e*N0M?iKL2C���z2^450M?N0M.r:-(+?-?T2^.10
R-.E*->rD+,L0P?-:-2�>325?->3BE<-B`.EB`KHb2FR=(+*-,r.10�,925476T25,9476T2�:�op*-?q<=(+>3(+?^:-2�@CBED+DM>z:-*qG�(H:JI25.E2C>3KL0M?-:N0P,9:w0M*TK9(+*-,
:-2 �"! �Öf �+h�j 28l � � � � � �+� ��� � �'���+�z(+Gy<-BE?rb282¯0�[+284§.E28>&0M*TK9,928>&0M?N0P.`�U>928>&:N0M?->).E28>Q4�0P?N0M*H³Au x 28K
×/x 4528K3KL2/0M?N0M.��H>32C0M*-D+G�25?iKL2C0M*T>9>9B¨.E0�>325?->3BE<-B`.EB�KHb2§R=(+*-, .10�,928476-25,3476-2�:Jot*-?�<](+>3(+?�:-2/@CBED+DM> 0M*H³
R]2�KLB`K925>�G�0M>3>925> Ã �"!$# f � hqj 28l�Î$�J��28>�.EB`G�B�KL28>C>3*-,�.10�>92848KLB`(+?
2���450M452;(+?iK�:rb2©��I0¬b28KHb2 b28KL0M<-.EB`25>
0´[M254�:-25>qb25476-0M?iKLBE.`.E(+?T>¯:-2�:-(+?-?rb2525>CR-.`*->�R]2�KLB`K9>L� � h � �

�������� ���!�|� +-, ,���U� �V�-�y���(�/��+��� )T����+-,
��28>�450M?-:-B`:N0PK9>�:T2n>3BED+?-0M.§>9(+?iK�>Ub28.E2848KLB`(+?-?rb28>�R-0M,;.E2q>3�U>�K�I25G�2¦:T2n:rb2545.`25?-476T25G�25?iK^48(+G�G�2q:-28>
b28[ b25?-28G�28?iKL>)0´[M254 *-?�.E28RTKL(M?�>925*T.i(+*�0´[M254 :-28*H³�.E28RTKL(M?->K���Â28>Â4�0M?-:TBE:N0PK9>�b25.`2548K9,9(+?T>Â>9(+?iK�>Ub28.E2848KLB`(+?-?rb28>
I0¦RN0M,�KLBE,�:-2^.`25*-,3>y:rb28R)Õ(MK9>A:Jo�b28?-25,3D+BE2�:N0M?->y.10VR-0M,3K9BE2!b28.E2848KL,3(+G�0MD+?rb2�KLBE¡e*-2�:-*�450M.E(+,3BEGVI28K9,92E�²�Â25>
4�0M?-:TBE:N0PK9>�GS*-(+?T>�>9(+?iK�a¥(+,3Gkb28>�:-2§:-25*U³;45(+*TR-> :N0M?->�:-28*H³;48(+*-476-28>r:-*;>��H>�K�I28G�2AI0�>948BE?iKLB`.E.10¤KL25*T,9>
¡U*TB)aÌ0MB�K�RN0M,�KLB`2O:-*
:rb28KL2848K925*-,^I0sGS*T(+?->K� #/*
?-B�[+250M*
:-25*U³
:-*
>��H>�K�I28G�2A:-2y:zb2548.E25?T476-25G�25?iK� �.E25>
KL,L0P4525>§>3(+?iKC,92548(+?->�KL,9*TB`KL28>�D+,¤Õ0M482�0M*H³^45(+*-RT>C:-0M?->§.E28>§>948BE?iKLB`.E.10¤KL25*T,9>z2�K�.E28>§476N0MGS<-,325>SI0SGS*-(M?->K�
#/*^?-B�[+250M*�K9,9(+B`>5 e:-25>z0M.EDM(+,9B�KL6-G�25>�*TK9BE.`BE>928?iKr.E0�K9(MK70M.`B`KHb2§:-2/.½opB`?Ta¥(+,9G�0PK9BE(+?S:T2/.�o©b28[�b28?-25G�25?iK§R=(+*-,
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:rb28£-?-BE2�28?q,925¡e*rb28,L0M?iKC*-?-2�:TBE>3KL0M?-482�G�B`?-BEG�0M.`2C:-0M?->¯.`2�R-.10P? Ã ¸=  �]Îr25?iKL,32�*-?O�328K�2�K§.E2/GS*-(+?^:T2
��� � h ¹ �H -2�K�¡e*-2O.E0S>9(+G�G�2�:-25>�B`G�R-*T.E>9B`(+?->zK9,L0M?T>3[+28,9>325>C:-2�KL(+*TK925>�.E28>¯KL,90M4528>C:-0M?->�452�,L0��M(+?
0M*TK9(+*-,�:-*�GS*-(M? ?-2�:zb25RN0P>9>92sRN0M> ³ j 2�l�� ; BÓ.E2�GS*-(M? ?-B .E2�4�0P?-:-BE:-0PK_b28.E2848KL,3(+? ?T2sR=25*T[M25?iK
RN0M,�K70MD+28,�.E28*-,&KL,90M452�4528?iKL,L0P.E2�0�[+284F:Jop0M*TK9,928>r450M?-:-B`:N0PKL>�.`25RTK9(+?->�:N0P?-> .�o�b28[ b25?-28G�28?iK��evF?;[+2�KL(�25>�K
BEG�R](M>Ub2y>3*-,�*-?|K9,9(+B`>9B�I25G�2O.`25RTK9(+?|BE>3(+.�b2�:-2SDM,L0M?-:T2SBEG�R-*-.`>9BE(M?nK9,L0M?->�[+28,9>92;R=(+*-,nb28[UB`K925,�.`2y<-,3*-B`K
:-2�a¥(+?-:V0�[+254�:-28*H³n.E28RTKL(+?T>§:-2�GVÕ28G�2�476N0P,9D+2C�
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�Â28>C48,9B�K�I25,325>�>9*TR-R-.�b28G�28?iK70MB`,925>§>3*-,�.10S¡e*N0M.`B`KHb2�:-25>�KL,90M4528>�45(+G�R-,928?-?-28?eKC*-?T2�:TBE>3KL0M?-482�25?iKL,32
.E25>�KL,90M4528>S:-25>y:-25*H³�.E28RTKL(+?T>S0M* [M25,�KL2�³�R-,9B`Gs0PBE,92;:-2�· �;¿]· "Áf^45G *-?dRN0P,L0MGVI28K9,92�:JopB`G�R-0M48K
KL,L0P?->3[M25,9>32S:-28>/KL,90M4528>/RN0M,C,L0PR-R](M,3K/0M*VaÌ0MB`>9482�0M*V:-2V· �  M® ·�" h ¹ fy48G^Î§28K/*-?¦?T(+GS<-,32yG�BE?-B`Gs0M.
:-2�45(+*TR->§:N0M?->§.`2�:rb2�KL254�KL28*-,SI0SG�B`45,9( �©R-B`>3KL28> Ã 9 � 45(M*-R->7Î¯2�K§.E2�:rb28KL2848K925*-,�:-2�K9,L0M482�I0S£N<-,928> Ã 9
��48(+*-R->LÎ$�T�z25>Ó45,9B�K�I28,925>Ó:-2C¡e*N0M.EB�KHb2�>9(M?eKrBEG�R=(+>Ub2825> R](M*-, ,Ub25:T*-BE,32F.E0�RT,9(+<N0P<-BE.`B`KHb2z:Jop*T?-2FG�0M*T[P0MB`>92
BE:-28?eK9B`£N450PKLB`(+?^:-2�.E0S476N0M,3D+2E� Ñ ?w:-28Gs0M?T:N0M?iK�¡e*-2�.E25>rKL,L0P4525>�:-28>§.E28RTKL(+?T>�0MBE28?eK§0M*wG�(+B`?->z:T25*H³
45(+*-RT>/:N0M?T>F.`2O:rb2�KL2848KL28*-,�I0�G�B`45,3( �©R-B`>3K925>5 N(M?V,Ub25:-*-B�K/.`2�KL0M*H³n:-2�G�0M*T[P0MBE>32�BE:-28?eK9B`£N450PKLB`(+?n:Jop*T?
aÌ0M48K925*-,r:-25*H³sR=(+*-,Ó.E25>�b25.`2548K9,9(+?T>z28Kz:Jot*-?saÌ0M4�KL25*T,z45B`?-¡;R](M*-,r.`25>rGS*-(+?->��TvC?^G�BE?-B`GS*-G±:T2/45B`?-¡
45(+*-RT>C:-0M?->�.E2�:rb28KL2848K925*-,C:-2�KL,90M4528>SI0A£-<-,928>C28>3KC476-(+B`>9BJ48(+G�G�2�48(+G�R-,9(+G�BE>r25?iKL,32�.10S,Ub28:-*-4�KLBE(M?
:-2z.E0FR-,3(+<N0M<-B`.EB�KHb2 :Jot*-?-2zG�0M*T[P0MB`>92ÓBE:-28?iKLB`£-4�0PK9BE(+?O:-2z.E0F476N0M,3D+2z2�K&.E0F:rb2845,9(MBE>9>90M?-482¯:-2¯.½op2���450M45B�KHb2
:-2�.10S>Ub28.E2848KLB`(+?��

��0§>Ub28.E2848KLB`(+?�45(MG�R-,325?-:�0M*T>9>9Bi*T?-2�45(+*TR-*-,92 >3*-,Â.�o�b25?-28,9D+B`2QKL,90M?->�[+25,3>92ÓGs0P?-¡e*N0M?iKL2�:-2 � h�j 2�l��
��0M?-> .E28>Ó450M?N0M*U³�{��¦28KÓ�J�n.�o©b25?T25,9DMBE2¯KL,90M?->�[+25,3>92�G�0M?-¡e*N0P?eK92F28>3K�b28[P0M.`*zb252�25?�BED+?T(+,L0M?iK .½o�b28?-25,3D+BE2
28KC.�otBEG�R-*-.`>9BE(M?�KL,90M?->�[+25,3>92O:-25>�.E28RTKL(M?->K�

���� � � ���!� �� ) %z� ,z���½����+', �w�&�V���(� �(' �=���Z����+-,
��28>¦R-,3(H4825>3>9*->|>3BEGS*T.�b25>w>3*-B`[P0M?iKL>V>9(+?iK¦*TKLB`.EBE>Ub25>wR=(+*-,n25>3K9BEG�25,w.�op0M484525RHK70M?-482 :-*¼>9BEDM?N0M.�28KV.E2
?-(+GS<-,32�KL(MKL0M.J:Jo©b28[�b28?-25G�25?iKL>/:-*w<-,9*-B�K�:-2�a¥(+?-:n:-*nG�(U:JI25.`2�>3KL0M?-:N0P,9:V0PK9K925?-:-*T>5�

- u x Ø ugugu � D)b28?rb25,Ub2�RN0M,C'$1�X�@F»2#O 
- ug× D)b25?rb28,Ub2�RN0M,C'$1�X�@C»2#y 
- u�r�32�KL>§D)b28?rb25,Ub2OR-0M,�#���' j Ñ�; �±'$1�X�@C»2#y 
- ugu D)b28?zb25,Ub2�R-0M,�'$1�X�@F»2#O 
- 3 �3 D)b28?rb25,Ub2�RN0M,C'$1�X�@F»2#?�

��28>§2���4�0P45B`KHb25>¯:T2�:zb2548.E25?T476-25G�25?iKC>9(+?iK§:rb25,9B�[ b2525>yI0SR-0M,3K9BE,z:T25>¯:-(M?-?rb2528>�25?qR-,325?N0M?iK�28?n48(+G�RTKL2
.E25>§:TB �Cb25,928?-4528>F28?iKL,92�.E28>§:-(+?-?rb2525>C28KC.E0S>9BEGy*-.10PK9BE(+? �

���� �  � �U���('«�Z���#+-,¼� ��
�-� �L���&����+-,¯�
��2 <-,3*-B`KZ:-2�a¥(+?T:O:-*�G�(H:JI28.E2�>�K70M?-:-0M,9:OR]28*TKrÕ28KL,32r:TB`[UBE>Ub2�25?y:T25*H³�450PKHb28D+(+,9B`25>8�´<-,9*-B�K�:-2 a¥(+?-:�R-6i� �
>9BE¡e*-2C28KÓ<-,3*-B`KÓ:-2�a¥(+?-:�BE?T>3KL,3*-G�25?iK70M.����Â2F<T,9*-B�K :-2Ca¥(M?-:�RT6e�U>3BE¡e*-2/48(+?->3BE>3K92F28?s:-28>;b2�[ b25?-28G�28?eK9>
0´�+0M?iKC:-25*H³q.E25RHKL(+?->§B`>9(+.�b25>§:-2�6-0M*TKL2�B`G�R-*T.E>9B`(+?�K9,L0M?T>3[+28,9>32O2�KF:T2�GVÕ28G�2�476-0M,9D+2�R-,3(´[+25?-0M?iK/:-2
.10�R-,9(U:-*-4�KLBE(M?^ug×\Ø ��} � �C�H�z2/<-,3*-B`Kr:-2Fa¥(M?-:s28>3K¯28>3K9BEGkb2AI0�RN0M,�KLBE, :-2F.10�R-,Ub28:-BE4�KLB`(+?�K96rb25(M,9BE¡e*-2
R](+*T,r>90O>92848K9BE(+?�2���4�0M482� � � �½ e25?sRT,925?-0M?iK¯25?�45(+G�RTK92F.`25> ,L0MRTR](+,�KL>Ó:Jot25GS<-,90M?-476-28G�28?iKL>¯48(+,9,325> �
R](+?T:N0M?iKL>8 N.�ot2���4�0M48B`KHb2�:-*V:rb2545.`25?-476T25G�25?iK�2�KF.½op2���4�0M48B`KHb2�:T2�.E0S>Ub28.E254�KLB`(+?��

Ñ ?|RT.E*->C:-*|<-,3*-B`KF:-2�a¥(+?-:|RT6e�U>3BE¡e*-2M ]:-25*U³VK©�UR=25>�:T2y<-,3*-B`K9>F:-2�a¥(+?-:VBE?->�KL,9*TG�28?eKL0M*H³V>9(M?eK
R-,Ub28>925?iK9>K�²��op*-?WR-,3(´[HB`25?iK�:Jot*-?-2AG�0M*T[P0MBE>32SBE:T25?iKLB�£N4�0PK9BE(+?
:T2A.10^476N0M,3D+2A:Jot*-?_.E25RHKL(+?���')(+*T,�.E25>
4�0M?N0P*H³d:-(M?eK;.`25>A.`25RTK9(+?->S(+?iK;.E0|GVÕ28G�2^>90�[+25*T, Ã {´{n2�K;�J��Î� &0�[P0M?iK;.10¦48(+*-R-*-,32w>9*-,A.½o�b28?-25,3D+BE2
KL,L0P?->3[M25,9>32qGs0P?-¡e*N0M?iKL2P Q452�K©�HR=2^:-2s<-,9*-B�KS:-2�a¥(+?-:�28>3KA:T(+G�B`?rb2sR-0M,y.E0VR-,3(H:-*T48KLB`(+?d×���� � Ø
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� �E�e��o�0M*HKL,92�K©�HR=2q:-2^<T,9*-B�KS:-2^a¥(+?T:�R-,9(´[UBE28?iK;:-2^.10VR-,9(U:-*-4�KLBE(M?�GS*-.�KLB����328K9>O(+*du �Ó�32�KL>A0�[+284
:-25*U³
.E28RTKL(M?->/B`:-25?iKLB�£zb25>/45(+G�G�2O0��i0M?iK�.E0�GVÕ25G�2y476N0M,3D+2E����0M?->F.E2y450M>�:-28>�GS*-(+?T>/BE.Z>5op0MD+B�K/:T2
GS*-(+?T>�RT,9(´[+28?N0M?iKs:�op*-?T2n:rb25>9B`?iKHb25DM,L0PK9BE(+?d>325G�BE.E28RTKL(M?-BE¡e*-2^:�op*-?T2VRN0P,3KLB`45*-.`2^:-2q>90´[M25*-,�.E(M*-,9:-2
¡e*-B�RN0M>9>325?iK�.E25>;48,9B`K�I25,325>;:JotBE>9(M.10PK9BE(+?J ):-25>;6N0P:-,9(+?T>�¡e*-B�0M,3,9B�[+25?iK�0M*H³d476N0MGS<-,325>
I0_Gy*-(+?->;28K
>9(+?iK�B`:-25?iK9B`£zb28>F48(+G�G�2�:-25>�Gy*-(+?->F(+*¦:-28>�GS*-(M?->/R-,3(´[+25?-0M?iK�:-2y.E0�:rb28>9B`?eKHb25D+,90PKLB`(+?¦:T25>/RTBE(+?->
(+* A¤0M(M?->�25?�[M(+. ����0P?->�.E2;4�0M>�:-28>Wb28.E254�KL,3(+?->�.E2A<-,3*-B`K�:-2;a¥(+?-:_R-,9(´[UBE28?iKy:-28>O:rb25>9B`?iKHb25DM,L0PK9BE(+?->
>928G�B`.E25RHKL(+?-B`¡e*-25>�:T25>�RN0M,�KLB`45*-.`25>�:-2A>90�[+25*T,�.`(+*-,3:-2M =:-25>�6N0P:-,9(+?T>�BE:-28?iKLB`£zb25>�45(MG�G�2_b2�K70M?iK�:-28>
b25.E2848K9,9(+?->�2�Ky:-28>_b28.E254�KL,3(+?->�:Jop*T?-2s48(+?i[+25,3>9B`(+?�:Jot*-? RT6-(MKL(M?���X)(+*HKL25>�4528>y>3(+*-,94825>O:-2�<T,9*-B�KO:T2
a¥(+?-:n>9(+?iKF0MR-R=25.�b25>�BE48BJ<-,3*-B`K�:-2�a¥(+?T:nGy*-.`K9B��`�32�KL>��

�Sop0M*TK9,928>�R-,9(U4528>9>9*T>z>9(M?eKÓ48(+G�RT,9BE>�:-0M?-> .E28>�:-25*H³;K©�UR=25>Ó:-2�<-,9*TB`K�:-2§a¥(+?T:�:rb2845,3B`KL> 48B��©:T25>9>3*->K�
�z2F>3(+?iKz.E0�R-,9(U:-*-4�KLB`(+?^ugu Ø ��} ��}] e.10�RT,9(U:-*-48K9BE(+? 3 �3 Ø�� �P i.10�R-,9(U:-*-4�KLB`(+?;GS*-.`K9B����328KL>Q(�I*�*T?
.E28RTKL(+?W?Jot25>�K�RN0M>�,92845(+?T>3KL,3*-B`K�G�0MBE>F*-?�0M*TKL,32AR-,9(´[UBE28?iKO:�op*-?T2�:rb25>9B`?iKHb25DM,L0PK9BE(+?
>325G�BE.E28RTKL(M?-BE¡e*-2
:Jot*-?k6N0M:-,3(+?d:-2^>90´[M25*-,;~´ &2�KA.10nR-,9(U:-*-4�KLB`(+? 3 �3 Ø � �Ó�328K9>A0�[+254q*T?!:T25*H³HB�I28G�2s.E25RHKL(+?�:�op*-?T2
:rb25>3BE?iKHb28D+,L0¤KLBE(M?n>325G�BE.`25RTK9(+?-BE¡e*-2�:�op*-?n6N0M:T,9(+?w:-2�>L0�[+28*-,F~��

�Â2¯<T,9*-B�K&:-2za¥(M?-:ABE?->�KL,3*-G�28?iK70M.U45(+G�R-,325?N0M?iK�.E0/G�0M*T[P0MBE>32zB`:-25?iKLB�£N4�0¤KLBE(M?y:Jot*-?-2§476N0P,9D+2¯2�K�.10
R-,9(U:-*-4�KLB`(+?wGS*-.`K9B����328KL>r45(+G�R-,325?N0M?iK�:-28>�.E25RHKL(+?->§28>3K�G�25>3*-,Ub2�:N0M?T>§.E25>§:T(+?-?rb2825>K���Â25>§48(+?iKL,3BE<-*��
KLB`(+?->Ó:-2CK9(+*->Ó.E28>rR-,3(H4825>3>9*->rR](+>3>9B`<-.E28>r>3(+?iKz:-(M?-4FRT,9BE>325>r25?s48(+G�RTKL2C���Â2C?-(+GS<T,92�:Jo�b28[ b25?-28G�28?iKL>
:-2A<-,3*-B`K/:-2Sa¥(+?-:|:T*->sI0^*-?-2AG�0M*T[P0MB`>92�BE:-28?eK9B`£N450PKLB`(+?|:-2y.10s476N0P,9D+2A28>3K�28>3KLB`Gkb2nI0sRN0M,�KLBE,F:Jot*-?
b25476N0M?iK9BE.E.`(+?�:Jo�b28[ b25?-28G�28?iKL>�0�[+284z:-28>Q.`25RTK9(+?->Z:-2r476-0M,9D+28>Q(+RTR](+>Ub2528>K�C�Z0�R-,3(+<N0M<-B`.EB�KHb2&:Jot*-?-2r25,3,925*T,
>9*-, .E0/:rb28K925,3G�B`?N0PKLB`(+?S:-2§476-0M,9D+2�0�[P0M?iK .10�48(+*-R-*T,92§>9*T,�.�o�b25?-28,9D+B`2zKL,90M?->3[M25,3>92CGs0M?T¡U*-0M?iKL2§25>�KÓ25> �
KLB`Gkb282F28?q>Ub25R-0M,L0M?iK§.½o�b28476N0M?iKLB`.E.`(+?�:T2/:-(+?T?zb2528>§25?^:-28*H³sRN0M,3K9BE28>5�U.�ot*-?-2�0�[M254�.10�Gs0P>9>92FBE?i[P0M,9BE0M?iKL2
:-25>�:T25*H³S.E25RHKL(+?->)BE?Ta�b28,9B`25*-,32�I0 � h�j 28ly P:T(+G�B`?rb2zR-0M,Q.`2z<-,3*-B`KQ:-2za¥(+?-:AGy*-.`K9B��`�32�KL>Z28KQ.�op0M*TKL,32¯0�[+284
:-25> G�0M>9>325> R-.`*->&D+,90M?-:-28>5 i:-(+G�BE?rb2zRN0M,�.`2¯<-,3*-B`K�:T2¯a¥(+?-:;:-2§476N0M?TD+25G�25?iKÓ:-2§>9B`D+?-2¯:T2C.E0/476N0M,3D+2E�
��0;RT,9(+<N0P<-BE.`B`KHb2C:-*n476N0M?-DM25G�25?iK�:-2�>9B`D+?-2�:-2�.E0S476N0M,9DM2�25>3KC:-(M?-4�:rb28K925,3G�B`?zb252�:N0P?->�.�otBE?iKL28,3[P0M.E.`2
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� % % ° � h^j 28l�RN0M,C.E2�?-(+GS<T,92y:�o�b2�[ b28?-25G�25?iK9>�0�[+254y:-25>F.E25RHKL(+?->F:-2yGnÕ25G�2�476N0M,3D+2y:-B�[UBE>Ub2ORN0M,
.E2y?T(+GS<-,32S:Jo�b28[ b25?-28G�28?iKL>O0´[M254A:-28>�.E28RTKL(+?T>�:-2A476N0M,3D+2S(+RTR](+>Ub252C� ��op2�³T4MI25>�:Jo�b28[�b25?T25G�25?iKL>�:N0M?->
.�otBE?iKL28,3[P0M.E.`2 � % % " � h
j 28l 0M*��¢:-25>3>9*->S:T*d?-(+GS<-,32s28>3KLB`Gkb2�:-28>S476N0M?-DM25G�25?iKL>A:-2�>9B`D+?-2s:T2^.10
476N0M,9DM2y25>�K�0PK9,9B`<-*rb2O0M*|<-,3*-B`KF:-2Oa¥(M?-:¦GS*T.`KLB��`�32�KL>K�)��0;£ND+*-,32 � ��f h G�(+?iKL,32O.`25>F:-BE>�KL,9B`<-*TK9BE(+?->�:-2
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