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photon source and tagger building

experimental hallelectron beam dump

tagging spectrometer

crystal radiator mount

fine steering magnets

photon beam pipe

primary collimator and sweeping magnet

photon beam dump

secondary collimator and shielding
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i[BXD B)+FEG+�@ n�� � �CV,��� 9 W,n;:
i[BXD B)+ E + @ �<n�� � W=�=n���I 9 �=�;:
i[BXD B)+FEG+�@)+=< W�� I W��JV=n 9 W,n;:
i[BXD B)+FEG+�@)+=< " �?> �J¹=��¹ 9 W,n;:
i[BXD B)+FEG+�@)+=< n�� � ���<nCV 9 W,n;:
i[BXD B)+ E + @ + < " �@>2A�V�� I �J��� V�B ��� V��DC ���=��� 9 ���E:
i[BXD B)+ E + @ + < ¹�� I)A�I�� W ����� I1B ��� W��DC >�W,nF> 9 ���E:
i[BXDjkG+ E + E + @ " �@>2A�V�� I " � ¹1B ��� " �DC �)>=W=� 9 ���E:
i[BXDjkG+FEG+uEG+�@ ¹�� I)A�I�� W " � �1B ��� W��DC "G" ��� 9 ���E:
i[BXDjkG+FEG+uEG+�@ �J¹�� V2A�W=� �F>,I�� 9 ��W):
i[BXD B)+FEG+�@)+=< W=�)AH>=� � " W=��¹ 9 �=�;:
i[BXD B)+ E + @ + E + @ " A�¹ " � �1B¼��� V��DC I ����� 9 � " :
i[BXD B)+ E + @ + E + @ ¹)A�I " � I1B¼��� V��DC I " >=� 9 � " :
i[BXD B)+FEG+�@)+FEG+�@ I)A3�OW " � V�B¼��� ¹U�DC I " >=� 9 � " :
i[BXD B)+FEG+�@)+FEG+�@ �OW2A3�JI " � " B¼��� ¹U�DC I ��I�� 9 � " :
i[BXD B)+FEG+�@)+FEG+�@ �OV2A�W=� ¹ " ¹�I 9 ��V):
i[BXD B)+FEG+�@)+=<8+=< W=�)AH>=� I��<��� 9 �=¹;:
i[BXD B)+FEG+FE3+�@^+�@^+J< �<n�� V W�V=V=� 9 �G>):
i[BXD K E^E + @ + E + @ " A�¹ ��� ¹CV�B¼��� W��DC I W=��� 9 � " :
i[BXD K E^E + @ + E + @ ¹)A�I ��� I1B¼��� W��DC I W=��� 9 � " :
i[BXD K E^E + @ + E + @ I)A3�OW �����LB¼��� W��DC I W=��� 9 � " :
i[BXD KoE^E3+�@^+FEG+A@ �OW2A3�JI �����OV�B¼��� W��DC I W=��� 9 � " :
i[BXD BHM " �@>2A�V�� I W�� �1B¼��� " �DC N �J¹���� 9 ���E:
i[BXD BHM ¹�� I)A�I�� W W�� �1B¼��� �U�DC N �OW=��� 9 ���E:
i[BXD BHM " �?> ��� �1B¼��� �U�DC �J��V " 9 W,n;:
i[BXD BHM n�� � ��� n1B¼��� �U�DC �J�G>G> 9 W,n;:
i[BXD B4O " �?> ��� " ��BÁ��� �=nU�DC �<��¹ 9 W,n;:
i[BXD B4O n�� � ��� V=V�BÁ��� �G>��DC W=W " 9 W,n;:
i[BXDjk`¬ E­ " �@>2A�V�� I ���@>�B¼��� nU�DC 9 ���E:
i[BXDjk`¬ E­ ¹�� I)A�I�� W ��� n1B¼��� nU�DC 9 ���E:
i[BXDjk`¬ E­ �<n�� V ��� W,nPBÁ��� �=¹U�DC Ip�J��� 9 ��W):
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photon source and tagger building

experimental hallelectron beam dump

tagging spectrometer

crystal radiator mount

fine steering magnets

photon beam pipe

primary collimator and sweeping magnet

photon beam dump

secondary collimator and shielding
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Attenuation Measurements              
Old Kuraray (Loose Bundle)
Old Kuraray  (5/4 Stack)
Pol.Hi.Tech Single (5/4 Stack)
New Kuraray (5/4 Stack)
Pol.Hi.Tech Multi (5/4 Stack)
K1B Fit − λ = (285 +/− 7) cm
K1S Fit − λ = (283 +/− 2) cm
K2S Fit − λ = (273 +/− 3) cm
PHT2S Fit − λ = (234 +/− 3) cm
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NaI(Tl) + 241Am (Ealpha=5,5 MeV)
H.V.=−6 kV, Bias=−75 V, C=200 pF, t=6 usec, Gain=10.
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NaI(Tl) + Cs137  (E=661 keV)
Bias=−75 V, H.V.=−8 kV, t=2 usec.
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Peak position as function of Bias Voltage
NaI(Tl) +Cs137

1 (6 kV)

2 (8 kV)
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Gas: Ar 30%, C2H6 20%, CO2 50%, T=300 K, p=1 atm
Particle: 20 equally spaced points
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Gas: Ar 30%, C2H6 20%, CO2 50%, T=300 K, p=1 atm
Particle: 20 equally spaced points
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Gas: Ar 90%, CO2 10%, T=300 K, p=1 atm
Particle: e-, Ekin=3 MeV
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Gas: Ar 90%, CO2 10%, T=300 K, p=1 atm
Particle: 20 equally spaced points
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Gas: Ar 50%, C2H6 50%, T=300 K, p=1 atm
Particle: 20 equally spaced points
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Gas: Ar 50%, C2H6 50%, T=300 K, p=1 atm
Particle: 20 equally spaced points
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Gas: Ar 90%, CO2 10%, T=300 K, p=1 atm
Angle to y =    0.00 degrees
Wire no    =  1    (type S)
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Angle to y =    0.00 degrees
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Layers of Scintillating Fibers

Array of Fast Scintillators

Target Volume

Photon Beam

 Beam Dump
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Layers of Scintillating Fibers

Array of Fast Scintillators
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9 � ;Q3b?^7E149<T4M4;\3*JA9c?^3-VvO4m�?A7�h#p : m4147c?A78T4V��cV-y
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@kUQ58ONJ^3�:Ny ¶oM��bJKU\>¦?�R~1�9<[ � 3PJ]7YR-RPO4m�9<T4RPUQ3PV f­VKRL9<;\3-M � X_?A9<J^5<3P?d?A14U\R~©YTN3-V^V � h8y K=g�m4;Q7<?Z�
?A3-M�g<3-JKV^O4V � 3L9c[´RPO4J^JK3-T:?FffV^RL9c;Q3-M � X�R-7<;Q;QU\[¤9j?AUQ7<T«>­9<RP?^78J^V ��<xy ¶8¶Ug*3S xm}3PRP?^3-M�>f78J
���eDGD�� 78m}3PJA9c?^UQ78Tly*02143�M4J^U`>¦?bR~1�9<[ � 3PJ^V*UQT«J^3-5<UQ78T�hFffV^�GO�9<JK3-V g69cJ^3CRP78[EmN;Q3P?^3-;`X
O4T4V^1NUQ3-;\M43-M � X{9<T:X,[E9<58T43S?AUQR*§�3P;QM{UQT�²�b z
H}�=tv1N3-J^3-9<V/?^143�M4JKU\>¦?�R~1�9<[ � 3PJ^V/U\T«JK3S�
58UQ78T,nYf¦?AJKU¨9<T45<;Q3-V g]9<JK3*V^14U\3-;\M43-M�>fJK78[ � 9cR~©Y5<J^78O4TNM4V � X¤?A143*[E9<UQT(?A78JKO4VW§�3P;QMiyw02143
T478[(UQT�9<;G;\7 t RPO4J^JK3-T:?w78m=3-J^9c?AU\78T�U\TEBEDGF@H4I f h#p �kmN147<?A7<T4V��cVkUQTo?^143�RP78143PJ^3-T:?�m=3L9<© g
R-78JKJ^3-VKm}7<T4M4V*?A7�¶8p<p�T4z�yi021N3(nxy n�0 V^7<;Q3-TN78UQM�9c;�§�3P;QM�>f78J�BEDGF@H4I U\Vb3S xm=3-RS?A3-M¬?A7
� 3u9c?v;\3L9<VZ?/9cV23P�}3-RP?^U\g<3�9<V�9_V^1NUQ3-;\M,9<V2?A143o²�b z H�?A78JKO4V-y
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f­J^3PR-78TNVK?AJKO4RP?^UQ78T g � 9cV^3-M{;Q3Sg83-;@¶_?AJKUQ585<3-J-ywz�T«3PV^V^3PT:?AU¨9c;@>f3-9c?AONJ^367<>e?A143�BEDGFeH4I�M43S�
V^UQ5<T_UQV�?^7 � O4U\;QM�mNUQm=3-;QU\T4UQTN5�U\TG?^7/?A1N3W3-T:?AU\J^3�?^J^U\58583-JP�<M4U\58U\?^UQaP3-J-�c9<T4M_M49c?~9*9<RP�GO4UQVKU\?AU\78T
VKXYVK?^3-[(Vv9c?]?^143/7<ON?AVK3P?Ly�0214U\V�1�9cV]?A1N3�?�tvUQTEgxU\JK?^O43-V]7<>@9<;\;Q7#tvUQT45o9<M43P�GO�9c?A3�?AU\[E3v>f78J
?A143u;Q3Sg83-;wh6?AJKUQ585<3-J�?^7EM47(U\?^V ¥ 7 � �4tv14U\;Q3*3P;QUQ[(UQT49c?AU\T45�VKUQ58T�9c;iM43-5<JA9<M�9j?AUQ7<T,U\T:g878;`g83-M
UQT«MN3-;¨9LXYUQTN5E?A1N3oVKUQ58T�9c;QVvtv14UQ;\36?^143o?^J^U\58583-Jv78m=3-J^9c?A3PV-y�¡wUQm=3-;\UQT4U\T45�UQT{?^14UQVvt�9#X{9<;\V^7
9<;Q;\7 tvV]O4V�?^7CO4m458J^9<M43/>fJK78[ UQT4U`?AU¨9c;�m4147<?^78T¤��Ox x3PV27<>dh#p ��m41N7<?A78TNV��cVK3-Rb?A7�3Pg83PT:?AO�9<;
��Ox x3-V�7<>dh#p : m4147c?A78T4V��cV^3PRutvU`?A147<ON?v9<T:X!VKUQ58T4U`§�RL9cTG?WR~1�9<T4583PV�?^7C?A143*?^J^UQ5<583-J��<��z��
9<J^R~14U`?A3PRP?AONJ^3<y�³w;\UQ[(UQT�9c?^UQT45/R-78T:g83PJ^VKUQ78T!M43-9<MN?^UQ[(3-V�tvUQ;Q;49<;Q;\7 t O4V]?^7C9<RP�GO4UQJK3�3Sg83-T:?^V
tv14UQR~1,7xRPR-O4J2g<3-JKX�RP;Q78VK3*?A78583S?A143PJvUQT!?AU\[E3cy

@kU\58O4JK3
:Ny �_V^147#tvV�9CV^R~143P[¤9j?AUQR*7c>e?^143*UQ[(m4;\3-[(3-T:?~9c?^UQ78T(7<>@?A1N3CBEDYF@H4I ;Q3Pg<3-;wh
?AJ^U\58583PJ-yk021N3/;Q3Sg83P;ehv?AJKUQ585<3-Jw[E9<©<3PVW96M43-RPUQV^U\78T � 9<V^3PM¤78TEM43P?^3-RS?A78Jd3-;\3-[(3-T:?AV�tv14UQR~1
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@kUQ5<O4J^3 :xy_� M�z VKR~143-[E9c?AU\R6M4U¨9<5<JA9<[ 7<>e?A143_BEDGF@H�I�?AJ^U\58583PJ-y
[E3-9<V^O4JK361�9<M4JK78T4UQR6[CON;\?AU\m4;QU\R-U`?AUQ3PV�ff?AJ^9<R~©!R-7<O4T:?AVhg29<TNM{3PT43-JK58UQ3PV-yd±�T,?^1436V^R~143P[¤9c?^UQR
V^147#tvTi��?^143¤VZ?~9<JZ?�RP78O4T:?A3PJC9<T4M � 9<J^JK3-;dRL9<;\78J^U\[E3S?A3PJ69<T4M�>f7<JKt�9<J^M�0 � @ M43P?^3-RP?^78J^V
m4J^7#gYUQM43_?^143C?AJ^9<R~©�R-7<O4T:?utv1NUQ;Q3o?A143 � 9<JKJ^3P;w9<T4M�>f78JZtW9<JKM�RL9<;\78J^U\[E3S?A3-JKVbM43S?A3-JK[EU\T43
?A143�3-TN3-J^5cX8y(z ?AUQ5<1G?*?A9<58583PJ�� ^ �cVZ?~9<JZ?6R-78ONTG?^3-J6R-7<UQT4RPUQM43PT4R-3�UQV*ONV^3-M�9<V6UQT4mNON?*?A7
?A1436;Q3Sg83P;dh*?^J^UQ5<583-J�>f7<J2;Q7#t�mN147<?A7<T,��OY N3PV�7c>�� h#p���m41N7<?A78TNV��cVK3-R<y

@�78J�14UQ5<1«m4147c?A78T,��Ox x3-V'f�� h#p;:/m4147<?^78T4V��jV^3-R7gS�l?^143o?A9<58583PJ�� ^��cVK?A9<JK?�R-7<O4T:?A3-J
R-78U\T4R-U\M43-T4RP3_UQVbTN7<?69�O4VK3P>fO4;wJK3-�GO4UQJK3-[(3-T:?L�@9cT4M�?A143_;\3Pg<3-;WhC?^J^UQ5<583-J/tvU\;Q;em4J^7 � 9 � ;`X
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chZVT�j�Z0X�\:P�Y[T�Z�Y[i$Z`M0k$U"Z�chZVTWR"UbPVPVOxKhjh����K�MVkhUmzQUbYpMt�LkeX]Khf�RbT�zQi$\^KwveU+��UbK~MVPqP`M0X�Z`MHT2# X�P
zQOQPtM0P�T�Y�ceX]Z`M0OxR"zxU"P�X�Khf MVkhU"OxZB\^T�\^UbK~M0X�R"T�\:OQK$j�Y[ZVT�\ X�c$k~�WP`OQR"P�U+��U"K�M^j�U"K$U"Z0X.M0T�Z
X�Khf�X�ZVU�R"T�K~��U"ZtM0U"f M0T�khO|M0P3OQK�MVkhU�PVOQ\yihz�X]MVT�Z"vwX]YpM0UbZ�lakhOQRnk�M0khU+��Y[T�zQzxT6l MVkhU�P0X]\^U
ceX]M0k�X�P�M0k$UmZ`U�X�z Ub��UbK�M0P"�
��khUyZVU"\^X�OxKhfhU"Z�T�YEMVkhOQPHRnkeX�c$MVU"ZqOQP�R"T�KhR"UbZVKhUbf \^X�OxKhzx�rlaO|M0k�lakeX.M�keX�c$coUbKhP�M0T

M0khUazQU+YpM�T�Y M0khU���U"Z`MVOQR"X�zezQOxKhU}OQK .�OQjh� ��� � � �/.eT�ZERbz�X�Z`OxML��v]l-U�laOQzxz$fhOxP`MVOQKhj�i$OQPVk��dUbMLl{U"UbK
Ub��UbK�M��W(�
 (+% �2� * ,�
�� 
eZ`P`M�P`MVU"c���X�K$f � *p'������2� * ,�
��gKhU��sM:PtM0U"c��yOQK�M0k$U���T�K�M0UZ´}X�Z`zQT
chZVTWR"UbPVP"���
PNYgX]ZyX�PmM0khU^Y[Z0X�\:Ubl{T�ZV_�OxPyRbT�KhR"UbZVKhUbfwv�M0k$U)T�Khz|��M0khOxKhj�T�Y}R"T�KhRbU"Z`K OQP
khT6lIchZ`T�j�Z0X]\^P �[T�ZBcdU"T�c$zQU!�mR�X�K X�RbR"U"P`P:lakhX]M�OQPBOxKhPVOxfhU)MVkhUr�oT"�sU"Pb�#��khUrfhU+MnX�OxzQP
T�Y�khT6l feX]MnX�OQP�PtM0T�Z`U"f5OQKhP`OQfhUqMVkhU3�oT"�sU"PbvdT�ZalakhX]M�keX�chcdU"KhP�OQK$PVOQf$U�M0khU3chZ`TsRbU"PVP`OQKhj
P`M0UbchP-OxP��oU+��T�Khf^M0khU�PVRbT�coU�T�YoM0khUaY[Z0X�\:Ubl{T�Z`_d�$��khU
j�UbKhU"ZVX]M0T�Z�K$U"U"f$P{M0Tm�dU
X��$zQU�M0T

eKhf�T�i$M}lakhX]M�_~OQKhf�X]KhfrkhT6l \^X�K��^Ub��UbK�M0PaM0TBj�UbKhU"ZVX]M0U]�%��khUqPVOx\Bihz�X.M0T�Z�KhU"UbfhP�M0T
�oU{X��hzxU�MVTHj�UbM�Y[ZVT�\ MVkhU�j�U"KhUbZ0X]MVT�Z�X�P`U �~ihU"K$R"U}T�Y$Ub��U"K�MEPVcdU"RbO�
eR"X]M0OxT�KhPbv�X�K$fyOxMS\yihP`M
�oU:X��hzxUBM0T�chZ`T �WOxfhU�OxM0PqU+��UbK~MNkhO|M0P�M0TrMVkhU�ZVU"RbT�KhPtM0ZVi$RbM0OxT�K R"TWfhU�OQK�XrY[T�ZV\^X]M�MVkeX]M
OxMqihK$fhU"Z`P`MnX]KhfhP"� ��T�M3PVkhT6laK OQK�M0k$U 
ej�ihZ`U��hi$MNX�zQP`TrOQ\:coT�Z`MnX]K~M�X�ZVUBMVkhU�fhUbMVU"R+M0T�Z
j�U"T�\:UbMVZ`��OQK$Y[T�ZV\^X]M0OxT�K X�Khf M0k$U�PVOx\Bihz�X.M0OQT�K�RbT�K�M0ZVT�z
feX]M0X�lakhOxRnk M0khU�P`OQ\Bi$z�X]MVT�Z
X�zQP`TNKhUbU"fhPb� " OxM0k$OQK�M0khU&�^������	 Y[ZVX�\:Ubl{T�ZV_ vWX�zQzeT]Y M0k$U"PVUHfeX]M0XNkeX���U�M0khU�R"T�\^\:T�K
chZVT�cdU"ZtML��M0keX.MqM0khU+� X�ZVU��WOQU+l}X��$zQU�OQK'�s\:z � " khUbK MVkhU�PVT�YpMLl-X�ZVU:R"T�\^cdT�KhUbK~MVPmX�ZVU
Y[ihzQz|��OQKhRbT�ZVcdT�ZVX]M0Ubf�OQK�MVT5MVkhU^Y[ZVX�\^U+l-T�ZV_�M0k$U"K�U"X�Rnk�T�Y}MVkhU:chZVTWR"UbPVPVOxKhj�PtM0U"c$PylaOQzxz
�oUmX��]X�OQzQX��hzQUHT�K�M0khU��^������	 j�ZVOxf�X�P�XBl-Ub��PVUbZ`�WOQRbU��
��khU3Y[T�Z`\)X�zoPVcdU"RbO�
eR"X]M0OxT�K�T]Y�X�zxzwT�Y�M0khUbPVUmOQK�M0UbZ`YgX�RbU"P�OQP�OQK$R"T�\:chzQU+M0U3X]M�chZ`U"P`U"K�M��

��khUq\^T�P`M{R"T�\:chzQU+M0UHPVcdU"R"O�
eR�X.M0OQT�K)OQP�M0keX.M}T�Y MVkhU
fhU+M0UbRbM0T�Z}j�U"T�\^U+M0Z`�:OxK$Y[T�ZV\^X]MVOQT�Kwv
lakhOQRnk�khX�P
�dU"UbK�chih�hzxOQP`khU"f)( �	�+*�T�K�M0k$Uml{U"�w��
�MHOQP�fhU"P`R"ZVOx�oUbf�OQK5\:T�ZVUmfhUbM0X�OQz OxK�X
z�X]MVU"Z�P`U"RbMVOQT�K �,� fhZ0X.YpM�PVcdU"R"O�
eR�X.M0OQT�KBY[T�Z�M0khU�U+��UbK~M{fhUbPVR"Z`OQc$MVOQT�K�keX]P�X�zQP`Tq�oUbU"K:chih�s�
zQOQP`khU"f �-( ���	� * �/��UbcoUbKhfhOQK$jmT�K�MVkhU�zQTWR�X.M0OQT�KBX�zxT�Khj�M0k$U�feX]MnX ��#eT6l�chOQcdU"zxOQKhU]v�fhO�# UbZVU"K�M
chOQUbR"U"PaT�Y�U+��U"K�MHOQK$Y[T�ZV\^X]M0OxT�K<X�Z`U3X���X]OQz�X]�hzQU]�$.�T l{Ub��U"ZHOxM}OxP�fhU"RbOQfhUbfrM0keX]M�X]R"R"UbPVPaM0T
X�zQzEU+��U"K�M�fhX]MnX�����X]chchzQOxR�X]MVOQT�K�RbTsf$U^laOxMVkhOQK�MVkhU/�^�����
	 Y[Z0X�\:Ubl{T�Z`_�OQPqM0khZ`T�ihj�k
X<PVOQK$j�zQUBOxK�M0U"ZtYgX�R"U]�&��keX]M3OQK�MVU"Z`YgX]R"UB\Bi$P`MqchZ`T6�sOxfhU�X<\:U"RnkeX�K$OQPV\ Y[T�Z�f$UbM0UbZV\:OQKhOxKhj
lakeX]MH_WOxKhfhPaT�Y�OQK$Y[T�Z`\)X.M0OQT�KrX�ZVUmX��]X�OQzQX��hzxU
OQK�X�K5Ub��U"K�MqX�K$f5Y[T�Z�c$ZVT6�WOQfhOxKhj�lakeX]MHOQP
X6�]X�Oxz�X��$zQU
OxK5X:PtMnX�KhfhX�ZVfrl-X6�rMVT:MVkhU3R"zxOQU"K�M�c$ZVT�j�ZVX�\5�
��khOxP
OxP�X�zxz �~ihO|M0UNU�X�Pt��MVT)fhT<����PVcdU"RbOxYp�WOQKhj^M0khUNOQK�M0UbZ`YgX�RbUBOQK5M0U"Z`\^PHT�Y�X�K �$\:z

PVRnkhUb\)X$�0.�T l{Ub��U"ZqfhT�OQKhj<U+��UbK~M3OxKhchi$M-�]T�i$MVchi$MHM0khZ`T�ihj�k��s\:z�zxOQ�hZVX�ZVOxU"P�OQPH��U"Zt��U��~�
coUbKhPVO|��U�Y[T�Z:zQX�ZVj�U5fhX]MnX�PVU+M0P"v�K$T�M)T�Khzx� OxK MVU"Z`\^P:T�Y�fhX]MnX���T�zxih\^U��hisM<X�zxPVT R"chi
T ��U"Z`khU�X�f �1��khOxPqOQP�lak���M0khU�Y[ZVX�\^U+l-T�ZV_�P`coUbR"O�
hU"P3M0keX]MmX]zQz�feX.MnXrPVkhT�ihzQf��dU�2 * (+*43
�657�Q(�OQK��s\^z vhKhT�MHKhUbR"U"P`P0X�Z`OQz|� � � ,.%0(98mOxK �s\:z � �HT:ZVUbP`M0Z`OQR+M0OQT�KhP�X�ZVU3chzQX�R"Ubf�T�K�lakeX]M
feX]MnX�Y[T�ZV\^X]MVPNX]ZVU^X�RbMVieX�zQz|��ihP`U"f�OxK~MVU"Z`KeX�zQz|������X�chchzxOQR�X.M0OQT�KhP"v T�ZmkhT6l�Ub��U"K�M0PBX�ZVU
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P`M0T�ZVU"frOxK)fhOxPV_ 
ezxU"Pb� 
LK<chZ0X]RbM0OxR"UHOxM�chZVT6��U"f�R"T�K���U"KhOxU"K�M}Y[T�Z�M0khUHchihZ`coT�P`U"P}T]Y ��T�K�M0U
´}X�ZVzxT�M0T�RbZVU"X]M0U�X�P`U"z|Y��LfhUbPVR"Z`OQ�hOxKhj�U+��U"K�M�feX.MnX�Y[T�Z`\)X]MmM0khX]MBOxPy��UbZ`��RbzQT�P`U)M0T�M0khU
ihKhfhUbZVzx�WOxKhj �s\:z v R�X�zxzQUbf & 868�'����
K�khfhfh\ Ub��U"K�MqPtM0ZVU"X�\ �gT�Z 
ezxU!���oUbj�OQKhPalaOxMVk�X�K
Ub��UbK�MqM0U"\:chzQX]M0U3OQK�chz�X]OQKs� M0U��WM-�s\^zSM0khX]M
f$U"PVRbZVOx�oUbP
M0khUNOQK$Y[T�ZV\^X]M0OxT�K<M0keX.M�OQPHX��]X�OQz��
X��hzQU:Y[T�ZyU"X�Rnk Ub��U"K�M�vEY[T�zxzQT6l-Ubf�����MVkhUrX�R+M0ieX]z-Ub��U"K�M�feX]M0X$�'��khU^MnX�j�PykeX���Ur�dU"U"K
PVihchc$ZVU"P`PVUbf�OQKrM0k$UmU+��UbK~MHfeX]M0X�X�KhfrM0khUq�]X�zxihU"P}laZ`OxMVMVU"K5OQKr�hOxKeX�Zt�)Y[T�Z`\)X]M"v$P`T:MVkeX]M
M0khU}U+��UbK~M�Z`U"R"T�ZVf�PVO��"U}OxP�Z`T�ihj�khz|�mU �~ihOx�]X�zxU"K�M�MVT�T�M0k$U"Z��hOxKeX�Zt�mY[T�ZV\^X]M0Pb�/.eZ0X�\:Ubl{T�Z`_
M0TWT�zQP�U��sOQPtMElakhOQRnk�R�X]K^X]i$M0T�\^X]MVOQR�X]zQzx�
j�U"K$U"Z0X.M0UaX�\:OQKhOQX]M0ihZ`U-R}T�Z�R ��� zxOQ�hZVX�Z`�3MVkeX]M
R"T�K�MnX]OQKhP}MVkhU3R�X�zxzQP-K$U"U"f$U"f�����X]K�X�chchzxOQR�X.M0OQT�K<chZVT�j�Z0X�\�M0T:X�RbR"UbPVP�M0khU3U+��U"K�MHfeX]M0X$v

`ihP`M�����ZVU"X�fhOQK$j�M0k$U 
eZ`P`MBY[U+l�zQOQK$U"PmOQK X�K�khfhfh\ Ub��U"K�M%
ezxU����HchchzxOQR�X.M0OQT�KhP3�hihOQz|M
laOxM0k�T�K$UmT]Y�MVkhU"P`UNzxOQ�hZVX�ZVOxU"P}X]i$M0T�\^X]MVOQR�X]zQzx����U"Z`OxYp�<MVkeX]M�M0k$UmfhX]MnXBM0k$Ub��ZVU �~ihOQZ`U3X�ZVU
chZVUbPVU"K�MNOQK�MVkhU%
ezQUB�dUbY[T�ZVU:X�R"RbU"P`PmOxP3X]MVMVU"\:c$M0Ubfw�%.�OxKeX�zxzx��voXrPVOxKhj�zQUyceX�OQZ
T�Y{MVZ0X�K$Pt�
z�X]MVT�ZVPqR"X�zQzxU"f�khfhf$\�� �$\:z�X]Khf �s\:z|��khfhfh\ U��sOQPtM3lakhOQRnk�X�ZVU�R"X�ceX��$zQU�T�Y{R"T�K���U"Z`MVOQKhj
X�K���khfhfh\IfhX]MnX�P`MVZVU"X�\uM0T^X�KhfrY[Z`T�\ �s\^z �

��k~ihPSM0khU�OxK~MVU"ZtYgX�R"UEM0TaM0k$U�fhX]MnX�OQK3U"X�RnkyT�YWM0k$U{�dT"�$UbP�OxK .�OQj ��� � � OQP U��schZVUbPVPVUbf�OQK
X��s\^z~P`coUbR"O�
hR�X]MVOQT�KmM0keX]M�P`U"Z`��U"P�X�P�X�KNUb��UbK�M�M0Ub\^chzQX]M0U]� ��k$U-PVcdU"RbO�
eR"X]M0OxT�KmR"T�K�MnX]OQKhP
X�K�OQKhkhUbZVO|MnX�KhRbU}\:U"RnkeX�K$OQPV\ M0keX.M�\)X�_]U"P�OxM�U�X�Pt�BM0T3U��sMVU"Khf�M0k$U�Ub��UbK�M-fhU 
eKhO|M0OQT�Kwv�PVT
M0keX]M�chZ`Tsf$ihR"UbZVP{X�Khf�R"T�K$PVih\:U"Z`P{T�YoUb��U"K�M}fhX]MnXqR�X]K^fhUbR"OxfhU�M0TmU��sRnkeX�Khj�U
X�f$fhOxMVOQT�KeX]z
OQK$Y[T�Z`\)X.M0OQT�K3MVkhZVT�ihj�kyMVkhU}U��WMVU"KhfhUbf�OQK�M0UbZ`YgX�RbU{laOxMVkhT�i$M�OQK�MVU"Z`Y[UbZVOxKhjHlaO|M0kyMVkhU-T�cdU"ZVX.�
M0OQT�K:T�K�MVkhUaP0X�\:U�feX]M0Xq�~�BT�zQfhUbZEchZVT�j�Z0X�\:P�MVkeX]M�ZVUbzx�yT�K:MVkhU��eX�P`UaOQK�M0UbZ`YgX�RbU��,�HzQzhT�Y
M0khOxP�OxP���U"Z`O�
eUbf�X�isM0T�\^X]M0OxR�X�zxzx�����rM0k$UmY[ZVX�\^U+l-T�ZV_ ��� 
{zQOx�hZ0X�Zt�)laO|M0khT�isM
X]K~�<KhU"Ubf
Y[T�Z�RnkhU"Rn_~PH�~�5X]chchzQOxR�X]MVOQT�K)R"TWfhU��/"�ZVO|M0U"Z`PaT�Y�X]chchzQOxR�X]MVOQT�K)R"TWfhUqkeX���U3M0khU3RnkhT�OQR"U3T�Y
X�R"RbU"PVP`OQKhj5M0khU:feX]M0X<M0khZ`T�ihj�k�M0khU ��� 
 �gR"i$ZVZVUbK�M0zx��c$ZVT6�WOQfhUbf�OxK R^X�Khf R ��� T�Khzx� �
T�Za�~�<ZVU�X]fhOQKhj:X�K$f�ceX]ZVPVOxKhj�M0khU �s\:z ���HP`UNT]Y�MVkhU&��� 
-OxP�\^T�Z`UqU�!:R"OxU"K�MHOQKrM0keX.MaOxM
U"zQOx\^OxKeX]MVU"P-MVkhU&�s\:z ceX�Z`PVOQK$j^PtM0U"c vd�$i$MHMVkhU3RnkhT�OxR"UmT�Y�zQX�Khj�ieX]j�U"P�OxP�Z`U"PtM0ZVOxRbMVU"fw���qK
M0khUqT�MVkhU"Z�khX�KhfwvhPtMnX�K$feX�ZVfrMVTsT�zxP}X�Z`U3X���X]OQz�X]�hzQU�OQKrX]zQz \^X�
`T�Z{z�X�K$j�ieX�j�UbP-M0khX]M�\^X�_�U
OxMNU�X�Pt��MVT�ZVU"X�f X�Khf�laZVOxMVU �s\:z � ��khUrX]f$�]X�K�MnX�j�U^T�Y�M0k$OQPmfhU"P`OQj�K�OxPmMVkeX]MBX�K���T�KhU
OQK5X�K��rz�X]Khj�ieX�j�U
M0keX.MakeX�P�M0khU3R"X�ceX��hOxzQO|ML�^T]Y�Z`U�X�fhOxKhj:X�PVRbOQO MVU��WM�keX�P�X�RbR"U"P`P�MVT�M0khU
Ub��UbK�M�feX]M0X�OQK5X�P`MnX]KhfeX�Z`f5l-X����

��khU khfhf$\ P`RnkhU"\:U�OxP�U�#oU"RbMVOx��U"zx� X]K U !^RbOQUbK~M�\^UbRnkeX�KhOxPV\ Y[T�Z�chZ`T�M0T]ML�sc$OQKhj
OQK�M0UbZ`YgX�RbU"P�M0T)Ub��UbK�MNfhX]MnX$���E��U"K�M0ihX�zQz|��MVkhU�OQK$Y[T�ZV\^X]M0OxT�K�R"T�K�M0UbK�M3T�Y�X�K�Ub��U"K�M3laOQzxz
P`MnX]�hOQzxO �"UqMVT)M0khUNcoT�OQK�MHlak$U"ZVUNM0khUNOQK�M0UbZ`YgX�RbUyR�X]K��oUmY[ZVT4�bU"Kwv X]MHzQU�X]P`M�Y[T�ZHMVkhUyU"X�ZVz|�
P`MnX]j�U"P3T�Y�M0khU�c$OQcdU"zQOxKhU��0�}M3M0keX.M3coT�OxK�M�M0khU�Rnk$T�OQRbU:T]Y�MVkhU�Y[T�ZV\^X]MHY[T�ZqUb��U"K�MyfhX]MnX
fhU"RbT�ihchzxU"P�Y[ZVT�\ MVkhU�OQK�M0UbZ`YgX�RbU�� ��O�#oU"Z`U"K�M�U+��UbK~M3Y[T�Z`\)X.M0P�X.M��]X�ZVOxT�ihP
PtMnX�j�U"P3X�zxT�Khj
M0khU}fhX]MnX.� #eT6l ceX]MVkB\)X��m�dU�X�fhT�csM0U"fy�eX�PVUbf�ihcoT�KBR"T�K$PVOQf$U"Z0X.M0OQT�KhP�T�Y U !:R"OQUbKhRb�yX�Khf
chZVU+��X]OQzQOxKhjyMVU"RnkhKhT�zQT�j���� �HT�KhUqT]Y�MVkhOQP�keX]P�c$Z0X�R+M0OQR"X�z RbT�KhP`U �~ihU"K$R"U"PHY[T�ZaX�chchzxOQR"X]M0OxT�K
R"TWfhU�vechZ`T6�sOxfhU"f�M0khX]MaM0khU3OQK�MVU"Z`YgX]R"UqZVUb\)X]OQKhP�U+��U"Zt�~lakhU"Z`UyM0khU3PVX�\^U]�
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��khU"Z`U�X�ZVU�MLl-T�c$k~�WP`OQR"P�U+��UbK~MBj�U"KhUbZ0X]MVT�ZVPBX6�]X�Oxz�X��$zQUBY[T�ZNihPVU:laOxM0k$OQK�MVkhU��^�����
	
��T�K�M0U��}X�ZVzxT�Y[Z0X�\:Ubl{T�Z`_dv�_~KhT6laK)X�P �W(�
e%�� (
	�	+*dX�Khf ++*E% � $ ( ���$� * �E�-T]M0k�chZVT�j�Z0X�\:P
X�ZVUqR"X�ceX��hzxU�T�Y�fhUbPVR"Z`OQ�hOxKhj:XBR"T�\:chzxU��)fhU"R"X6�<RnkeX�OQK�T�Y�OxK~MVU"Z`\^UbfhO�X]MVU
PtMnX]MVU"P"vhlak$U"ZVU
fhU"R"X6�WP<OxK�M0T�MLl-T�T�Z�M0khZ`U"U��dTWfhOQUbP^X]ZVU�PVihc$coT�ZtM0Ubf X]M:U�X�Rnk P`M0Ubcw� ��khU�OQK��]X�ZVOQX�K�M
\)X�P`PVUbP-T�Y U"X�Rnk<ceX]Z`M0OxR"zxU�c$ZVTWfhihR"Ubf<OQP�P0X]\^chzxU"f�Y[ZVT�\�XN�-ZVUbOxM " OQj�KhU"Z�fhOQPtM0Z`OQ�hi$MVOQT�K v
lakhT�PVUm\^X�PVPaX�K$f5laOxf$M0k�OQP}M0X�_�UbK5Y[Z`T�\uMVkhU�� �
���
��j�UbKhU"ZVX�z����LRnkhX�KhKhUbz chZVTWR"UbPVP�OQP
X�PVP`ih\^UbfwvelaOxMVk�MVkhUmfhOQPtM0ZVOx�hi$MVOQT�KrOxK��-fhZ0X�laK�X]M�Z0X�K$fhT�\uY[Z`T�\ MVkhU3P`MnX]KhfeX�Z`f�Y[T�Z`\
Y[T�ZaX:cdU"Z`OQchk$U"Z0X]zwZVU"X�RbMVOQT�K
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lakhU"Z`U�M0khU! aceX�ZVX�\:UbM0UbZ}OQP{PVcdU"RbO�
eUbfr�~�^M0khU
ihPVUbZ"���-T�MVk<\^UbPVT�K�X]Khfr�eX�Zt��T�KrfhUbR�X��
RnkeX�OQK$P�X�ZVUaX�zxzQT6l{U"fw� 
LK�M0khU�R"X�PVU�T�Y �W(�
e%��^MVkhU�ihPVUbZ�\)X��NPVcdU"R"O|Yp�yMVkhU"���Lf$OQP`MVZVOx�hi$M0OxT�K
OQK�MVkhU)Y[T�Z`\ T�Y�X�k$OQP`MVT�j�ZVX�\ OQK�chzQX�R"U^T�YaPVcdU"RbOxYp�WOQK$j�X��]X�zQihU:Y[T�Z# �OQK�M0khUrX]�oT6��U
Y[T�ZV\Bi$z�X$���dU3PVcdU"RbO�
eUbf����5X�K�OQK$chi$MakhOxP`M0T�j�Z0X�\5�
��khUmX�K$j�ihz�X]Z-fhOxP`M0Z`OQ�hisM0OQT�KhP�X]M�U"X�Rnk5fhU"R"X6�)��U"ZtM0U���X�ZVUqj�UbKhU"ZVX]M0Ubf5X�R"RbT�ZVfhOxKhj�M0T

chkeX�P`U�PVchX�R"U]� ��khOxP^\^X�� X�chcdU�X�Z�M0T��oU�X�P`Ub��U"ZVU�Z`U"PtM0ZVOxRbMVOQT�K OQK�X�K U��scoUbZVOQ\:U"K�M
lakhT�PVU)j�T�X�z�OQPmceX�ZtM0OQX�z|� l}X���U^X�KeX]zx�WPVOxP"v��hi$MBOxK�YgX�R+MNMVkeX]MNOQPmKhT�MNM0khU^R�X�P`U�����T�PVU"U
khT6l MVkhUyc$k~�WP`OQR�X]z�\:TsfhUbz Y[T�ZHchX�Z`MVOQR"zxU3PVchOxKhPqX�Khf�fhU"R"X���X�Pt�s\:\:UbM0Z`OQUbP
X�Z`UyX]chchzQOxU"f
M0T:chkeX�P`U+�LP`ceX�RbU ��T�K~MVU$�}X�ZVzxT:fhX]MnX$v$PVU"UmPVUbRbMVOQT�K ��� � �$�

�-T]M0k �W(�
e%��<X�K$f ++*E% � $:l{U"Z`U�Ox\^cdT�ZtM0U"fmY[ZVT�\ T�MVkhU"Z�U��scoUbZVOQ\:U"K�MVP"v~X�Khf�P`T�laZVO|M0U
M0khUbOQZ3T�i$MVchi$MmUb��U"K�M0PBOxK�fhO�#oU"Z`U"K�MBX]Khf�P`T�\:UblakeX]MNU"P`T�M0UbZVOxR�Y[T�ZV\^X]M0Pb� ��T�OxKhR"T�ZVcdT]�
Z0X]MVUNM0k$U"\ OQK�M0T:M0khU �^��� �
	IY[ZVX�\^U+l-T�ZV_rOxM�l-X�P
P`i�!:R"OQUbK�M�M0T^chZVT6�WOQfhUmM0ZVX�KhPVzQX]M0T�ZVP
Y[ZVT�\ M0khUbOQZHchZVO|��X.M0UNY[T�ZV\^X]M0PaM0TrX<RbT�\:\^T�K�khfhfh\ Y[T�Z`\)X]M�M0khX]MqR�X]K��oUm�sOxUbl{U"f X�P
�$\:z � ��khU�chZVUbPVUbK~M3f$Z0X]YpMqP`coUbR"O�
eR�X]MVOQT�K�Y[T�ZHMVkhUBP`M0X�KhfeX]ZVf��s\^z�OQK�M0UbZ`YgX�RbUyM0T)j�U"KhUbZt�
X]M0Ubf�Ub��U"K�M0PNOQP�Y[T�i$Khf�OxK&%aUbY � ( ���	� * � �}MNchZVUbPVU"K�MyX5P`U"RbT�Khf�PtMnX�K$feX�ZVf�OQK�M0UbZ`YgX�RbU�OQP
X�zQP`T^�dU"OxKhj^P`ihchcdT�Z`MVU"f�_~KhT6laK�X]P � � 8�&e( $d� ��khOxPHP`T�\:UblakeX]M
X�Z`RnkeX�OQR�.eT�Z`MVZ0X�KW�L�eX�P`U"f
P`MnX]KhfeX�Z`f�l-X�P�OQK�i$PVU�����\^X�K���.���� U��scoUbZVOx\^UbK~MVPET6��U"ZEMVkhU�z�X�PtMEfhUbR�X�fhU]vWX�Khf�M0khUbZVU
X�ZVU^X�K~ih\B�dU"ZmT�Y-ihPVU+Y[ihz �5T�K�M0U'�}X]ZVzQT�M0TWT�zxP3MVkeX]MmZVUbzx��T�K�OxM"v�OxKhR"zxihfhOxKhj)(+*-, ��� �
�gPVUbU
P`U"RbMVOQT�K ��� �/. �+�0�-ihZVZ`U"K�M0z|��M0Z0X]KhPVzQX]M0T�Z`P�U��sOQPtM{MVTNP`ihchchz|��j�U"KhUbZ0X]MVU"f<U+��UbK~MVP-Y[ZVT�\
U"OxMVkhU"Zaj�UbKhU"ZVX]M0T�Z}M0khZ`T�ihj�k5U"O|M0khUbZ}M0khU �s\^z T�Z}M0khU3P`MVfhkhUbc�OQK�MVU"Z`YgX]R"U��

�-T]M0k:j�U"KhUbZ0X]MVT�ZVP{ihPVU�R"Zt�Wc$M0OxRHchZ`Ox�]X]MVUaY[T�ZV\^X]M0PEY[T�ZEM0k$U
OQK$chi$M�feX]M0X3MVkeX]M{PVcdU"R"O|Yp�
M0khUrZ`U�X�R+M0OQT�K X�Khf fhUbPVOxZVU"f K~ih\y�oUbZ�T�YaUb��U"K�M0Pb� �}M�chZ`U"P`U"K�M�M0khUbZVUrfhTWU"PyKhT�M�U��$OxP`M
X P`OQKhj�zQU�ihK$O�
eUbf OxK�M0U"ZtYgX�R"U�Y[T�Z<PVcdU"RbOxYp�WOQKhj�MVkhU�ZVU"X�RbMVOQT�K MVT �oU�j�UbKhU"ZVX]M0Ubfw� ��khU
MnX�P`_�T�YaOxKhR"T�ZVcdT�Z0X]MVOQKhj��W(�
e%�� X�K$f ++*E% � $ OxK�M0T�MVkhU��^�����
	 Y[Z0X�\:Ubl{T�ZV_�laOQzxzEKhT�M
�oUqRbT�\^c$zQUbMVUqihK�M0OxzoM0khX]MaOQK�M0UbZ`YgX�RbUqkeX�P��dU"UbK5P`coUbR"O�
eU"fwv X]KhfrM0Z0X]KhPVzQX]M0T�Z`P}keX���Um�dU"U"K
laZVOxM`M0UbK)M0TNR"T�K���UbZ`M}MVkeX]M{OQK$Y[T�ZV\^X]M0OxT�K�Y[ZVT�\ �s\:z MVT�XmY[T�ZV\ ihKhf$U"ZVPtMnX�K$feX��hzxU
M0TmM0khU
j�U"KhUbZ0X]MVT�ZVPb�



�������W���q�
	�����	-��
��a���a���
	�
�� ��� 1
13254	� 
 =
;�=��a;�8:A�
 =�8:F =
;EA��

�qK$UBT�YEM0k$UB\^T�P`M��hX�PVOxRyZVU �~ihOQZ`U"\:U"K�M0P
Y[T�ZHM0k$UBPVOx\Bihz�X.M0OQT�K5OxP�X�RbR"UbPVP�M0T<X)fhUbM0X�OQzxU"f
fhU"P`R"ZVOxc$M0OxT�K�T�Y�MVkhU<j�UbT�\:UbM0Zt� T�Y�M0khU)U��scoUbZVOx\^UbK~M"� 
LKhRbzQihfhUbf OQK�j�U"T�\:UbMVZ`� OQPmM0khU
PVkeX�cdU�X]Khf zxTsR"X]M0OxT�K T�Y3X�zxz�ZVU"zxUb�]X�K�M^R"T�\:coT�KhU"K�M0Pbv}M0khUbOQZ�chZ`T�coUbZ`MVOQU"P:OQK M0UbZV\:P^T�Y
\)X]MVU"Z`O�X�z�RbT�\:coT�P`OxMVOQT�Kwv fhU"KhP`OxML��v�UbMVR��|v�X�K$f MVkhU^\^X�c T�Y-MVkhU�\)X]j�KhUbMVOQR%
eUbzQfw� �
K��
T�� 
`U"R+M0P-laO|M0k)lak$OQRnk<�dU�X�\�ceX]Z`M0OxR"zxU"P�\)X���OQK�MVU"Z0X]RbM}T�K)M0khUbOQZ�l}X��:M0TyXyfhUbMVU"R+M0T�Z-X�ZVU
X:ceX]Z`M�T�Y�M0khUmj�U"T�\^U+M0Z`��vhP`M0X�Z`MVOQKhj�laO|M0k�M0khU3chZ`OQ\^X�Z`�)R"T�zxzQOQ\^X]MVT�Z-X]Khf�UbKhfhOxKhj:laO|M0k
M0khUNchkhT�MVT�K��dU�X�\�f$ih\^c � �
K���X�chchzxOQR"X]M0OxT�K<laOxMVkhOQK�M0khU �^������	IY[ZVX�\:Ubl{T�ZV_<MVkeX]M
KhU"UbfhP�X�RbR"UbPVPaM0T:fhUbMVU"RbMVT�Zaj�U"T�\^U+M0Z`�<feX]MnX�T��$M0X�OQK$P}M0keX]M�OxK$Y[T�ZV\^X]MVOQT�K:M0khZ`T�ihj�k5T�KhU
ihKhO�
hU"f OQK�M0UbZ`YgX�RbU��#��khOxP�OQK�M0UbZ`YgX�RbUrOQP�PVcdU"RbO�
eUbf OxK�M0khUrY[T�Z`\ T�Y
X��$\:z&8W, +��W')(�
'�
� (-$e(�8W(��%
'* � * ,�
�� � � �&�mlak$OQRnk fhU+MnX�OxzQPNlakhX]MBMnX]j�PBU��sOxP`M�OQK�M0khUrfhTWR"i$\^UbK~M"v�lakeX]M
X�ZVU
MVkhU"OxZ}X�Z`j�ih\:U"K�M0PbvhX�K$f)M0khUbOQZ{P`M0Z`ihRbMVihZ0X]z ZVUbz�X]MVOQT�K$PVkhOxchP"�,��k$U��eX�P`OQR
PtM0Z`ihRbMVihZVUqT�Y
M0khU � � � l-X�Pq�oT�ZVZVT6l{U"f�Y[ZVT�\ MVkhU��4��� �q �U��scdU"ZVOx\^UbK�MmX]M � � % � X]Khf�X�feX�csM0U"f
Y[T�ZHMVkhUBKhUbU"fhPqT�Y0�^������	�� 
�MqfhUbPVR"Z`OQ�dU"P
MVkhUBfhU+M0UbRbM0T�ZqX�PqX^MVZVUbUBT�YE��T�zQih\:U"Pbv U�X]Rnk
laOxM0k^PVcdU"RbO�
eUbf)PVkhX�coU]v$P`O �"U]vscdT�P`OxM0OxT�K�X�Khf^\)X.M0U"Z`O�X�z$chZVT�cdU"ZtM0OxU"P"� 
�M}X�zxzQT6laP�U"zxU"\:U"K�M0P
M0T)�dUmj�ZVT�i$coUbf�M0T�j�UbMVkhU"ZHX�Khf�coT�P`OxMVOQT�KhUbf�X]P
X:ihKhOxM"vePVT:M0keX]M
X^P`ihZ`��Ub��feX]MVih\�R�X�K
�oUNU��schZVUbPVP`U"f�����X:PVOQK$j�zQUmU"zxU"\:U"K�M�� ��T�Z`UyfhU+MnX�OxzQPaT�K�MVkhUyOxK�M0U"ZtYgX�R"UNR�X�K��oUmY[T�ihKhf
OQK�%�U+Y � ( � ��* �

�HchchzQOxR�X]MVOQT�K�RbTsfhU^keX�PNX�R"RbU"P`PyM0T�j�U"T�\:UbMVZ`� feX]M0X5MVkhZVT�i$j�k�MVkhU)PtMnX�KhfhX�ZVf �$\:z
zQOQ�$Z0X�Z`OQU"Pb� ��Z`T�j�ZVX�\^PaR"X�K�P`R�X�K5M0khUmU"K�MVOQZVUqMVZVU"UmT�Z�X�P`_<Y[T�ZaPVcdU"R"O�
eRmchOQUbR"U"P�T�Y�OQK$Y[T�Z �
\)X]MVOQT�K v PVi$Rnk�X]P�M0khUBcdT�P`OxM0OxT�K�T�Y�MVkhUBR"UbK�M0U"Z3T�Y�MVkhUyMnX]ZVj�U+M��0�}MqchZVUbPVUbK~M3MVkhU�T�Khz|�
R"T�KhP`ih\:U"ZVPET]Y j�U"T�\:UbMVZ`�mOQKsY[T�ZV\^X]M0OxT�KNX�ZVU�M0khU}P`OQ\Bi$z�X]MVOQT�KmR"TWfhU"Pb�,��khU �qU�X]K~M�PVOx\Bis�
z�X]MVT�Z �gP`U"U�PVU"R+M0OxT�K ��� � ����OQPER�X]ceX��hzxU�T�Yw\:Tsf$U"zQOxKhjqX�K���j�U"T�\:UbMVZ`��v~chZ`T6�sOxfhU"f�M0khX]M�M0khU
�$\:zwRbT�K$Y[T�Z`\^P-MVTBM0khU � � �B����khU �)��. X�P`MaP`OQ\Bi$z�X]MVT�Z �[PVUbUmP`U"R+M0OQT�K � � � . ��PVi$chcoT�Z`M0P
X^\:T�ZVU3zQOx\^O|M0Ubfrj�U"T�\:UbMVZVOxR�X�z fhUbPVRbZVOQcsM0OQT�Kw� � PVcdU"R"OQX�zSPVU+M�T�Y�MnX�j�P�OQK�M0k$UNj�UbT�\:UbM0Zt�
� � � keX���UN�oUbU"K�RbZVU�X.M0U"f�M0T)f$U"PVRbZVOx�oU3M0khUNfhUbMVU"R+M0T�ZHU"zQUb\^UbK�M0P�OQK5PVOQ\:chzxO�
eUbf�MVU"Z`\^P
Y[T�Z � ��.dX]P`M�vdOQK�chz�X]R"U"P�lakhU"Z`UNMVkhUNMVZ0X�KhP`z�X]MVOQT�KrY[Z`T�\IM0khUNkhOQUbZ0X�Z`RnkhOQR"X�zSfhU"P`R"Z`OQc$MVOQT�K
ZVU �~ihOxZVUaPVT�\^UaOQ\^X�j�OxKeX]MVOQT�Kw� �HP�\^T�Z`UaX�chchzxOQR"X]M0OxT�KhPEX�Z`U�R"Z`U�X]MVU"f^MVkeX]M�fhUbcoUbKhf)i$coT�K
X�R"RbU"PVP�M0TqP`coUbR"O�
eR�chOQUbR"UbPET�Ydj�U"T�\:UbMVZ`�yOQK$Y[T�Z`\)X.M0OQT�Kwv OxM�laOxzQzW�oU�KhUbR"UbPVP0X]Z`��M0TqU��WM0U"K$f
M0khU3OQK�MVU"Z`YgX]R"U3�oU+��T�K$f5MVkhU � � ��MVT:P`coUbR"O|Yp�<M0khU3chZ`U"P`U"KhRbUyX�K$f�zxTsR"X]M0OxT�K<T�Y�PVcdU"RbO�
eR
MnX�j�Pb� 
LK���UbP`MVOQj�X]MVOQT�KyOQP�i$KhfhU"Ztl}X��NM0T�fhU+M0UbZV\:OQKhU{OxYhMVkhU"P`U�\^T�Z`U{RbT�\:chzQU��yRbT�KhPtM0Z0X]OQK�M0P
\^Oxj�k�M��oU3�dUbM`M0U"ZaU��$c$ZVU"P`PVUbf�ihPVOxKhj �$\:zwP`RnkhU"\^X�MVkeX�K�M0khU � � �B�
�}Mqc$ZVU"P`U"K�M3M0khU�j�U"T�\:UbMVZ`��fhU"P`R"ZVOxc$M0OxT�K�OxP�OQ\:chzQUb\^UbK�M0U"f�OQK�X<P`UbM3T�Y�chzQX�OQK �$\:z

M0U��WM�
ezQUbPaX�Khf5T�ZVj�X�KhO �bU"f�ihKhf$U"Z�X�PVU �~ihUbK�M0O�X]zS��U"Z`PVOQT�K�Pt�sPtM0Ub\�� 
LK5MVkhU�Y[i$MVihZVUqM0k$Ub�
laOQzQz chZVT��hX��hzx�)�oU3PtM0T�Z`U"f5OQK5X�feX]MnX]�eX�PVUmX�K$f�OxKhfhU��sUbf����rfeX.M0U3T�Z�ZVi$K�K~ih\B�dU"Zb�
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��khU�chk��WPVOxR"P}P`OQ\BihzQX]M0OxT�KBY[T�Z��^��� �
	 OxP{chZ`T6�sOxfhU"f)�~�^XmchZVT�j�Z0X�\ R"X�zQzxU"f
�����H( � 
'�g�
��khU-P`OQ\BihzQX]M0T�ZwZVU �Wi$OQZVUbP�Y[T�ihZSfeX]MnX�OxK~MVU"ZtYgX�R"UbP � X�KNU+��UbK~M�PVT�i$ZVR"U]v�fhU+M0UbRbM0T�Z�j�UbT�\:UbM0Zt�
feX]MnXsv PVOx\BihzQX]M0OxT�K�RbT�K�M0Z`T�z�OxK$Y[T�Z`\)X]MVOQT�K v X�Khf�Ub��U"K�M3T�i$MVchi$M"� .��
�qU�X�K�M
OQP
R"X�ceX��$zQU
T�Y�P`OQ\Bi$z�X]MVOQKhjBU+��UbK~MVPHY[Z`T�\IX�K���T�K$UmT]Y�MVkhZVUbUmP`T�ihZ`R"U"Pb�

� ��Ub��U"K�M0P�Y[ZVT�\uX1��T�K~MVU$�}X�ZVzxT:j�U"KhUbZ0X]MVT�Z
�s��R"T�k$U"ZVUbK�M
�hZ`U"\:PVPtM0Z0X]khzQihK$j:P`T�ihZ`R"Umj�U"KhUbZ0X]MVT�Z
1$�aX�i$MVT�\)X.M0OQR
PVOQK$j�zQU&��M0ZVX�Rn_)j�U"KhUbZ0X]MVT�Z0�[Y[T�Z}MVU"PtM0OQK$j��
��khU 
hZVP`MaT]Y�MVkhU�M0k$ZVU"UqOxP�X�K�U��WMVU"ZVKhX�zwUb��U"K�MHPVT�ihZ`R"UqfhUbPVRbZVOQ�dU"f�OxKrPVU"R+M0OxT�K ��� � �s�

�E��U"K�M0PBY[Z`T�\ MVkhU)j�UbKhU"ZVX]M0T�ZyX�Z`U^f$OQP`MVZVOx�hi$M0Ubf�i$KhOxY[T�Z`\^z|��X�zxT�Khj�M0khU:zQUbKhj�MVk�T�Y-M0khU
�oU"X�\�� MnX�Z`j�UbMaOxK�M0U"ZVX�RbMVOQT�Kr��T�zQih\:U3X�Khf 
eKeX]z|�LPtMnX]MVU3ceX�Z`MVOQRbzQU"P}Y[T�zQzQT6l{U"f�T�i$M�OxK~MVT�M0khU
fhUbMVU"RbMVT�ZaY[ZVT�\@M0khUbZVU�� ��khU3T�MVkhU"Z�MLl{T^P`T�ihZVRbU"PHX�ZVU3OxK~MVU"Z`KeX�z MVT:MVkhU3PVOQ\yihz�X]MVT�Z"vsX�Khf
X�ZVUNihPVUbf�Y[T�ZHP`coUbR"O�X]z�chi$ZVcdT�PVUbP"� ��khUBRbT�khUbZVU"K�Mq�$ZVU"\:PVPtM0ZVX�khzQi$Khj<PVT�ihZVRbUBj�U"K$U"Z0X.M0U"P
ihKhR"T�zQzQOx\)X.M0U"f�chkhT�MVT�KhPqlaOxMVk MVkhU�U"KhUbZVj���v�X]Khj�zQU�X]Khf�cdT�zQX�ZVO���X]MVOQT�K�RnkeX�Z0X]RbM0UbZVOxP`M0OxR"P
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ej�ihZ`U-OxPSY[T�ZSMVkhU � ��fhU"R"X6�mY[ZVT�\ ZVU�X]RbM0OxT�K ��� � �s�
��khUNcdU"Z`R"UbK~MHT�Y�M0khUqM0T]MnX�zwc$khT�M0T�KhPHUbK�M0U"Z`OQKhj�M0k$UN�-X�ZVZ`U"z �}X�zxT�ZVOx\^U+M0U"Z{Y[T�Z�ZVU"X�RbMVOQT�K
��� � �:OxP .43 �uX]Khf�ZVU�X]RbM0OxT�K ��� � �BOQPa� 3 �<�

�-ihZ`ZVUbK~MVzx��v}M0khU�fhU"P`OQj�K R"X�zQzxP:Y[T�Z:MVkhU�UbKhU"Z`j�� P`U"KhP`OxMVOx�WOxML� T�Y � � ��U � Y[T�Z�M0khU
�}X�ZVZ`U"z �}X�zxT�ZVOx\^U+M0UbZ"� ��KhU�R"X�K PVU"U�M0khX]MrM0khOxPrZVUbPVihz|M0P�OQK X�Z`T�ihKhf X � � zxT�PVPrT�Y
chkhT�MVT�KhPElakhOQRnk:OQP �~ihO|M0U�X�RbR"U"csMnX��hzxU��4.�T6l-U+��U"Zbv$O|YdMVkhOQPEUbKhU"Z`j���R"X�K^K$T�M��oUa\:UbM"v�M0khU
coUbZVR"UbK�MnX�j�U:T�Y{chkhT�MVT�KhP3zQT�P`MqZ`OQPVUbP3Z0X�chOxfhzx�5laOxMVk�M0khU�OQK$R"ZVU"X�PVUbf�UbKhU"Z`j���MVkhZVUbPVkhT�zxfwv
U"PVcdU"RbO�X�zxzx��Y[T�Z�M0khU � �0�gZVU"X�RbMVOQT�K ��� � � �EfhU"R"X6���0. T�Z{U��hX]\^chzxU�vWOxYwMVkhUHMVkhZVUbPVkhT�zQf<OxP . �
��U��yvwM0khUbK .
� T�Y�MVkhU 1 � ZVU"X�RbMVOQT�K�OQP�zxT�P`M"v X�Khf ��� � T�Y�M0k$U!� �mZ`U�X�R+M0OxT�K�OQP�zxT�P`M"�
��khUBPVO|M0ieX.M0OQT�K5Y[T�Z�M0khU���ZVU�X]RbM0OxT�KhPHOQP�KhT�M�P`T<PVU+��UbZVU�vwX�PHl{T�ihzxf��oUNU��scdU"RbMVU"f�Y[ZVT�\
M0khU3khOxj�khU"Z�UbKhU"Z`j���chkhT]M0T�KhPaOxK�MVkhU �<fhUbR�X�� � 
ej�ihZVU ��� � ��� �&�
��khU�Z`U"PVi$zxM0P�Y[T�ZBMVkhU � U�X�f �3zQX�PVP ��U+M0UbRbM0T�Z^X]ZVUrPVOx\^Oxz�X�Zbv��hi$M�MVkhU�coUbZVR"UbK�MnX�j�U

ZVOQP`U)OxPyKhT�MNPVT�P`OQj�K$O�
eR"X�K�MBX]MykhOQj�khU"ZmU"KhUbZVj�� M0k$ZVU"P`khT�zxfhP"�/��khU<T�Khz|� P`�WP`MVU"\ laO|M0k
PVOQj�KhO�
eR"X�K�M
zxT�PVPHOQK5M0khUNzQU�X]f�j�zQX�PVP
X�ZVZVX6��OxPHMVkhU 1 � �gZ`U�X�R+M0OQT�K ��� � ����fhU"R"X���� �}MHM0khU
PVU"K$PVOxMVOx�WOxML�mM0k$ZVU"P`khT�zxf�T�Y ���	� � ��� v�M0k$U}zQU"X�fBj�zQX�PVP�f$UbM0UbRbMVT�Z�laOQzxz~KhT�MEP`U"U � � 3 � � � T�Y
M0khU3chkhT]M0T�KhPb�4��khU3fhU"P`OQj�K�R"X�zQzxP{Y[T�ZaX � . � � ��� fhUbMVU"R+M0OQT�K5\:OQK$OQ\Bih\ OxK<M0khU � � �B�
�}M�MVkhOQP�UbKhU"Z`j���veMVkhU3fhUbMVU"RbMVT�Z�laOQzxzw\^OxPVP � � ��	 ��T�Y�M0khU3chkhT]M0T�KhP � 
ej�ihZ`U � � � ��� �+�
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Energy resolution of γ in the LGD for
γ p→ p π+π- πo→ p π+ π- γγ
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�-T�KhR"Ubc$M0ihX�zQz|��vhlakeX]MHT�KhUql{T�ihzxf�zxOQ_�U�MVT^f$T^OxK�MVkhUNX�KeX�z|�sP`OQP�T�Y�X�K���j�Ox��U"K5ZVU"X�RbMVOQT�K
OQP}M0TBlaZ`OxMVUqfhT6laK�X]P�R"T�\:chzQU+M0UqX]P�coT�P`PVOx�hzQUqX�P`UbMaT�Y�fhOQX�j�Z0X]\^P{zQU�X]fhOQKhjBMVTBM0khU 
hKeX�z
P`MnX.M0U5X�Khf PVih\ M0khUbOQZ�X�\:chzQO|M0ihf$U"P�X�P�X�Y[ihKhR+M0OQT�K T]Y�X�\:OQKhOx\)X�z�P`UbM^T�Y
i$Kh_~KhT6laK
ceX�Z0X]\^U+M0U"Z`P"� ��khOQPa\:TsfhUbzwl-T�ihzQf�M0khUbK��dUqY[U"f�MVT:MVkhU3Ub��U"K�Mqj�UbKhU"ZVX]M0T�Z�MVT^chZ`Tsf$ihR"U
X ��T�K�M0U �}X�ZVzxTHPVX�\^c$zQU�lakhOQRnkBRbT�ihzxfB�oU{ZVUbR"T�KhPtM0Z`ihRbMVU"f�X�KhfyR"T�\:ceX�Z`U"fyMVTHM0k$U}feX]M0X$�
�{��ZVUbcoU"X]M0OxKhj<M0k$OQPqchZ`TsRbU"fhihZ`U�Y[T�Z�fhO�# UbZVU"K�Mq�]X�zxihU"PqT�Y�MVkhU�ceX�Z0X]\^U+M0U"Z`P�M0khZ`T�ihj�k X

hMVMVOQKhj�chZ`TsRbU"fhihZ`U�veM0k$UN�dU"PtM��]X�zxihU"PaT�Y�M0k$UNceX]Z0X�\:UbMVU"ZVPaX]Khf�X]K�T6��UbZ0X�zxz Ub�]X�zxieX]M0OxT�K
T�Y�MVkhU3\^TWfhUbzwR"T�i$zQf5�oUqfhUbZVO|��U"f �

�EZ0X]RbM0OxR�X�zxzx��v MVkhOQP�OQPHKhT�MHlakeX]M�OxP
fhT�KhUy�dU"R"X�ihPVU�O|M
OxP�MVTsT^U��scdU"KhP`Ox��UBMVT<ZVUbR"T�\��
chi$M0UBMVkhUBUbK~MVOQZ`U���T�K�MVU �}X�ZVzxT<P0X�\:chzxUyX]M�Ub��UbZ`��P`M0Ubc�OQK�MVkhU 
hM"� 
LKhP`MVU�X�f X)P`OQKhj�zQU
��T�K�M0U �}X�Z`zQT<PVX�\:chzQUBOxP
chZ`Tsf$ihR"Ubf i$PVOQK$j�X�K�OQKhO|M0OQX�z R"Z`ihfhU�X�chc$ZVT"�sOQ\^X]M0OxT�K�MVT<M0khU
chk��sP`OQRbP}\^TWfhUbzefhOQPtM0ZVOx�hi$MVOQT�Kwv�X�Khf^MVkhU"K^R"T�Z`ZVUbRbM0OxT�KhP{X�ZVUHX�chc$zQOQUbf�ihPVOxKhjBXql-UbOQj�k�MVOQKhj
chZVTWR"UbfhihZVU�X.YpM0U"ZNM0khU<PVX�\:chzQU^keX�P��dU"U"K P`OQ\Bi$z�X]MVU"f X�K$f ZVU"RbT�KhPtM0ZVi$RbM0Ubfw� ��k$U<OQKhO��
M0O�X]z�X�chchZ`T!�sOx\)X]MVOQT�K�OxPmf$U�
eKhUbf ��� MVkhU�Y[T�zQzxT laOxKhj<M0k$ZVU"U^PVOx\^chzxU:X�PVP`ih\^csM0OQT�KhP"!��gX6�
ceX�Z`MVOQRbzQU"P{Y[ZVT�\ khOQj�kW�LU"K$U"ZVj]�)chk$T�M0T�c$ZVTWfhihRbMVOQT�K�X]ZVUqchZ`Tsfhi$R"U"f�OxKhfhU"cdU"K$fhU"K�M0z|�<Y[ZVT�\
\^UbPVT�K X�Khf �eX]Z`��T�K ��U"ZtM0OQRbU"Pb!0�g���mMVkhUr\:T�\^UbK�M0ih\ PVU"chX�Z0X]MVOQT�K �dUbMLl{U"UbK�MVkhU<MLl-T
��U"ZtM0OxR"U"PNOQPmfhU"P`R"Z`OQ�dU"f�����X�K�U��scoT�KhU"K�M0OQX�z�fhOQPtM0Z`OQ�hi$MVOQT�K�OxK MVkhU ��X�KhfhUbzQP`M0X�\ �]X�ZVO��
X��hzQU �&!&�gR"�mlaOxMVkhOQK U"X�Rnk ��U"ZtM0U�� M0khUrceX]Z`M0OxR"zxU"PBX]ZVUrchZ`Tsfhi$R"U"f MVkhZVT�i$j�k X�R�X�P`R�X�fhU
T�YHMLl{T]�NX�K$f MVkhZVUbU+��ceX�Z`MVOQRbzQU<fhUbR�X��WP:lak$OQRnk�X�ZVUrU"X�Rnk�f$OQP`MVZVOx�hi$M0Ubf X�R"RbT�ZVf$OQKhj�M0T X
chkeX�P`U+�LP`ceX�RbU:f$U"KhP`OxML��Y[ihK$RbM0OxT�Kw� 
�Y�M0khOxPqX�chc$ZVT"�sOQ\^X]M0OxT�K�l{U"Z`U�X�K X�fhU �~ieX.M0U�\:TsfhUbz
T�Y M0khU�chk��WPVOxR"PEM0k$U"K�M0khUbZVU�l{T�ihzQf��dU�KhTqKhUbU"f�Y[T�Z�MVkhU �^��� �
	 U��scdU"ZVOx\^UbK�M�� ��Ub��U"Zt�
M0khUbzQU"P`P�OxM-OQP}XBi$PVUbY[i$zwP`M0X�Z`MVOQKhjBcdT�OxK~M-�oUbR�X�i$PVUqOxM-R�X�Kr�dU�ihP`U"frM0TychZVTWfhihRbU3X���T�K�M0U
�}X�ZVzxTrP0X�\:chzQUyT�Y�Ub��UbK�M0P3laOxM0k�X]fhU �~ieX]MVU�R"T6��UbZ0X�j�U�T6��UbZ�M0khUBY[i$zQz�_~OxKhU"\^X]M0OxRyZVX�Khj�U
T�Y�OxK�M0U"Z`U"PtM��
�HPVPVi$\^OxKhj�MVkhU)OxKhfhU"cdU"K$fhU"KhRbUrchZVT�coUbZ`ML��T�Y}M0k$U���T�K�MVU��}X�ZVzxT�PVX�\^c$zQOQK$j5MVU"Rnks�

KhO �~ihU]v�U+��UbZ`��U+��UbK~M:OxK�M0khU���T�K�M0U��}X�Z`zQT�PVX�\:chzQU^OQPyOxKhfhUbcoUbKhfhU"K�M�T�Y�MVkhUrT�MVkhU"Z`P"�
��X]Rnk�ZVUbR"T�K$P`M0Z`ihRbMVU"f �5T�K�M0U �}X�ZVzxT�Ub��UbK�MyR"X�ZVZ`OQU"PqlaO|M0k�OxMqMVkhU�OQK$Y[T�Z`\)X.M0OQT�K�X��dT�i$M
M0khUBT�ZVOQj�OQKeX�z j�U"KhUbZ0X]MVU"f�_~OQKhUb\)X]MVOQRbP"v Y[ZVT�\�lakhOxRnk�M0khUBc$k~�WP`OQR"P3X]\^chzxOxMVihfhU"P�R�X]K��oU
R�X�zxR"ihzQX]M0Ubfw� .eT�Z5X j�Ox��U"K PVU+M�T�Yy\^TWfhUbzqceX�Z0X]\^U+M0U"Z`PrM0khUbPVU�X]\^chzxOxMVihfhU"PrR"X�K �oU
PVih\:\^Ubf�M0T<Y[T�Z`\ X<c$ZVT��eX]�hOQzxOxML��Y[T�Z
U"X�Rnk�Ub��U"K�M�vSlakhOQRnk�OxP�R�X]zQzQUbf�X�*-( * ��&��g� 
�Y{X�zxz
PVih\:P�T6��U"Z�MVkhU���T�K�M0U �}X�Z`zQT�PVX�\:chzQU<f$ihZVOxKhj�ceX�ZtM0O�X]z{l-X6��U5X�KeX�z|�sP`OQP�X]ZVUrR�X]ZVZVOxU"f
T�i$MHOQKhRbzQihfhOxKhj�M0khUbPVUml-UbOQj�k�M�YgX�RbMVT�ZVPaM0khUbK�MVkhUmY[T�ZVU"j�T�OQKhj�RbT�KhR"Ubc$M0ihX�z�c$ZVTWR"U"f$ihZVUNOQP
ZVU"RbT6��U"Z`U"fw� �
z|M0khT�ihj�k�M0khU�P`M0X]M0OxP`MVOQR�X]zhU"Z`ZVT�Z`P{OxK�MVkhUal-UbOQj�k�M0Ubf���T�K~MVU �}X]ZVzQT3PVX�\^c$zQU
X�ZVU�KhT�zxT�Khj�UbZ:P`OQ\:chzQU ��T�OQP`PVT�K YgX]RbM0T�ZVP"v{M0khU+� X]ZVU�PtM0ZVX�OQj�k�M`Y[T�Z`l-X�ZVf M0T�R�X�zxR"ihzQX]M0U]�

LK�j�UbKhU"ZVX�z�M0k$U"PVU�UbZVZVT�ZVPmX�ZVU�zQX�ZVj�U"Z
Y[T�Z�MVkhUBl{U"OQj�k~MVU"f M0U"Rnk$KhO �~ihU�M0khX�K Y[T�ZqX�K�ihKs�
l-UbOQj�k�M0Ubf)chZ`TsRbU"fhi$ZVU�vW�hi$M�M0khX]M�OQPEZVU"X�fhOxzx�BT # P`UbM{�~��j�U"KhUbZ0X]MVOQKhjmX3PVT�\:UblakeX.M{zQX�ZVj�U"Z
P0X�\:chzQU]� �$�$X�R+M0zx��k$T l \BihRnk�zQX�ZVj�U"Z�fhUbcoUbKhfhP
T�K�khT6l f$O�#oU"ZVUbK�MHMVkhUml{U"Oxj�k�M0Ubf�fhOxPt�
M0ZVOx�hi$MVOQT�K OQP�Y[Z`T�\ M0khU5OQK$OxM0OQX�z vE�$i$M:ihPVieX]zQzx��M0khOxP:YgX�R+M0T�Z�OxP:K$T�M:z�X�Z`j�U"Z�M0khX�K�MLl{Th�
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��T�Z � U��sRnkeX�Khj�U]� ��k$UqP`MnX.M0U � ��MVkhU"K5fhU"R"X��sP��WO�X � � �
��veX�K$f�MVkhU � PVih�hP`U �~ihUbK~MVzx�fhU"R"X6�WPHOQK�M0T ����� � �

�HzxMVOQ\^X]M0Ubzx��OxMmOQPmKhT�MN_~KhT6laK ihK�M0OQzEMVkhU 
eKhX�z�P`MnX]j�U"PNT�Y}M0k$U<X�KeX]zx�WPVOxPmk$T l�zQX�ZVj�U)X
��T�K�M0U �}X�Z`zQTrP0X]\^chzxUBOQP3X]fhU �~ieX]MVU�Y[T�ZqX�K���j�O|��UbK RnkhX�KhKhUbz vS�hi$MqY[T�Z�MVkhU�chihZ`coT�PVU"P
T�Y-MVkhU^f$U"PVOxj�K�X�R"T�KhPVUbZ`�]X]M0O|��U�YgX�RbMVT�Z3T�Y � � \:T�ZVU ��T�K~MVU �}X]ZVzQT�M0khX�K�Z`U�X�z�U+��U"K�MVP
keX�Pa�oUbU"K�X�fhT�c$MVU"f�X�PaX��oUbKhRnkh\^X�ZV_ �
��khU�X��dT6��U�\:UbMVkhTWf�OxP�l{U"zxz|��U"P`M0X��hzxOQPVk$U"f Y[T�Z:ceX�Z`MVO�X�z{l}X���U�X�KeX�z|�WPVU"P^OQK khOQj�ks�

U"KhUbZVj���chk��WPVOxR"Pb����T�j�X�OxK�U��scdU"ZVOxU"KhRbU:laO|M0khOxK�M0khU�RbT�K�M0U��sMNT�Y �^� ���
	 O|M�l-X�P3fhU+�
R"OQf$U"f�M0T)X�chchz|��M0khUBc$ZVTWR"U"f$ihZVUyMVTrX)chk$T�M0T�c$ZVTWfhihRbMVOQT�K�ZVU"X�RbMVOQT�Kw� ��T^M0khOxP
U"K$fwvwX�K
Ub��UbK�M�j�U"KhUbZ0X]MVT�Z^Y[T�Z:MVkhU 1 � 
eKeX�z�P`M0X]M0U�keX�P<�dU"UbK laZVO|MVM0UbK ihP`OQKhj�MVkhU�T�KhU�	Wc$OQT�K
RnkeX�ZVj�U�	WU��$RnkhX�Khj�UN\^UbRnkeX�KhOxPV\�X�PafhOxPVRbihPVP`U"f�OxK�ZVUbY[UbZVUbKhR"U1( 1���*wY[T�Z�Z`U�X�R+M0OQT�K � � � .W�

	����� � � � � � � � 
 � � � � � � ��� � ��� � ��� �/. �
� PVRnkhUb\)X]MVOQRqT�Y�M0k$OQP�chZ`TsRbU"PVPaOxP}PVkhT6laK5OQK .�Oxj�ihZVU ��� � � �s� ��KhU 	�� RnkeX�ZVj�UmU��sRnkeX�Khj�U
ZVU �~ihOxZVUbP��dT�M0k X�P`chOQK 	�#eOQc X]M�M0khU K~ihR"zxU"T�K ��UbZ`M0U��ovyX�K$f M0khX]M�M0khU � � chX�Z`MVOQR"zxU
R�X�Z`Z`��M0khU^khU"zxOQRbOxML��T�Y-M0khU^OQKhRbT�\^OxKhj���v-� ��� � � �&���
K���KWi$\B�oUbZyT�Y-ZVUbPVT�KeX]KhR"UbP
� � laOxMVk�fhO�# UbZVUbK~MN\^X�PVP`U"P"v�laOQf$MVkhPBX�K$f�chZVTWfhihR+M0OxT�K�PtM0ZVUbKhj�MVkhPyR"X�K��dU)OQK$R"zQi$fhU"f
OQK�MVkhU�j�U"KhUbZ0X]MVT�Z"� 
LK X�f$fhOxMVOQT�Kwv�M0k$U�chkhT]M0T�K��oU"X�\ R�X�K khX6��U�X�K�� coT�z�X�Z`O ��X.M0OQT�K
fhU"P`OQZVUbfw� �HK�U��WMVU"KhP`OQT�K�MVT)M0k$OQP�chZVT�j�Z0X�\ X�zxzQT6laPaY[T�Z � 	~U��sRnkeX�Khj�U�ihKhfhUbZHM0k$UyP0X]\^UR"T�Khf$OxM0OxT�KhPaX�PaM0k$U ��U��sRnkeX]Khj�U�� ��khU"P`UmMLl{T<X�\:chzxOxM0i$fhU"P�Z`U"chZ`U"PVUbK�M � 
�
 �2� �W% � ��X�Khf

 �2� �W% � �wceX�Z`OxML�BU��sRnkeX�Khj�UbP-Z`U"PVUbcoR+M0O|��U"z|��������UbK�M0P-c$ZVTWfhihR"Ubf)ihP`OQKhjmT�KhUaT�YdM0k$U�c$keX�PVU
PVceX�RbU3j�U"KhUbZ0X]MVT�ZVP�R"X�KrM0khUbK��oU�l{U"Oxj�k�M0U"f5X�RbR"T�Z`fhOQK$jBM0T�M0khUqc$k~�WP`OQR"P�l{U"Oxj�k�M0U"ZbveX�Khf
M0khUbK�ceX�P`PVU"f�MVkhZVT�ihj�k�MVkhU �^� ���
	 ��T�K�MVU'�}X�Z`zQT5chZVT�j�Z0X�\5�1��khUbPVU<R"X�K�MVkhU"K��oU
ihPVUbf�X�PaOQK$chi$M�M0T�MVkhU3ceX�Z`MVO�X�zol}X���UNX�KeX]zx�WPVOxPaX�PafhU"P`R"ZVOx�oUbf�OxKrM0khU3KhU��sM�RnkeX]c$M0UbZ"�
� P0X�\:chzxUNT�Y�M0khUNT�i$M0c$i$M�T�Y�M0khOxP
j�UbKhU"ZVX]M0T�Z�OQP�PVk$T laK�OxK .�Oxj�ihZ`U ��� � � 1s� ��k$U"PVU

Ub��UbK�M0P�keX���Ua�oUbU"K�j�UbKhU"ZVX]M0Ubf�laO|M0kBY[T�i$Z�ZVUbPVT�KeX]KhR"UbP � ���7� � � 	 � �&v � � � � 1	� � �+v � � � � 	43 � �X�Khf^X�K^U��sT�M0OxR ���7� � 	 �	� �+�$��k$UH\^X�PVP`U"P�X�Khf:laOQf$MVkhP�X�ZVU�X�zxzhR"T�KhPVOxP`M0UbK�M{laO|M0k�R"ihZ`ZVUbK~M
X�R"RbU"c$MVU"f��]X�zxihU"Pb� 
LK X�fhf$OxM0OxT�KwvoT�KhU�R�X]K P`U"U�M0k$U ��� OxK�M0khU ��� � � OQK��]X�ZVOQX�K�M�\^X�PVPPVcdU"RbMVZ0X$� ��Y[ihzQz]zQOxP`M T�YW_~KhT6laKyZ`U"P`T�KeX�KhRbU"P ( ��� .�*�MVkeX]MSRbT�ihzQfq�dUEchi$MSOxKqM0khOxPwj�U"K$U"Z0X.M0T�Z
OQP�j�O|��U"K5OQKrM0X��hzQU � � � �W�
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.�OQj�i$ZVU ��� � � 1 � � � UbYpM��-��khUBj�U"KhZVX]M0Ubf 1 ��\)X�P`P
P`coUbRbM0Z`ih\ ihPVOxKhj)Y[T�i$ZHOxK~MVU"Z`\^UbfhO�X]MVU
ZVU"P`T�KeX�K$R"U"Pbv � � ����khUNfhO�X]\^T�K$fhPaR"T�Z`ZVU"P`coT�Khf�M0T)X�zQz j�UbKhU"ZVX]M0Ubf�Ub��U"K�M0Pbv lakhOxzQU3M0khU
R"OQZ`R"zxU"PaR"T�Z`ZVUbPVcdT�Khf�MVT^U+��UbK~MVP
lakhOxRnk�keX���UN�oUbU"K�ZVihK�M0khZ`T�ihj�k5M0khU��^�����
	 ��T�K�M0U
�}X�ZVzxT�chZ`T�j�Z0X]\�� � %�Oxj�k�M�� ��khU �
��� � OxK���X]ZVO�X]K~Mm\^X�PVPmY[ZVT�\ MVkhU 1�� Ub��U"K�M0Pb����khU
coU"X�_<R"T�ZVZVUbPVcdT�KhfhPaM0T�M0k$U � � �,343 � �+�

%aU"PVT�KeX�KhRbU ��X]PVP " OQfsM0k �����
� � � � � � 	 � � � � �21 � � ��� �
	 � � ��. � MVT � 	 �	� � ��� �
	 � � � � � �� �� � � 1 � � � � � 1 � � � ��� �
	 � � ��� . � ��� �
	 � � � �
� �� � � 	 �	� � � �/. �41 � ��� �
	 � � � 	�� � ��� �
	 � � � �
� � � � � 	 � � � � � 	 � � � ��� �
	 � � 1 �	� � ��� �
	 � � � � � �� �� � � 	�	 � � � � 	�	 � � ��� �
	 � � ��� � � ��� �
	 � � � �
� �� � � 	 3 � � � � 	 3 � � ��� �
	 � � ��. � � ��� �
	 � � � � � 1� �� � � 3�. � � � � 3�.	� � ��� �
	 � � � . � � ��� �
	 � � � �
� �� � � � � � � ��� �$� � � ��� �
	 � � 1�	 � � ��� �
	 � � � �
� �� � � ���	� � ��� � � � � ��� �
	 � � 	 ��. � ��� �
	 � � � � � 1� �� � ����. � � ��� ��. � � ��� �
	 � � � �	� � ��� �
	 � � � 	

��X��$zQU ��� � � � ��zQOxP`MaT�Y�_~KhT6laK�RnkeX�Z`j�U"f 1 ��ZVU"P`T�KeX�K$R"U"PaM0khX]M�R"T�ihzxf��oU3chZ`Tsfhi$R"U"f�OQK
chkhT�MVT�chZVTWfhihR+M0OxT�K�X]Khf�fhUbR�X����WO�X � �E� ��khU:R"T�zQih\:K����	��X�Z`U:MVkhU)X]zQzQT6l{U"f T�ZV�$OxMnX]z
X�Khj�ihzQX�Zw\:T�KhU+M0ih\ �oU+MLl-UbU"KyMVkhU � X�K$f3MVkhU ��lakhU"KmM0khUEZ`U"P`T�KeX�KhRbU{f$U"R�X��WP"���-U"R"X�ihPVUl-UmZVU �Wi$OQZVU3KhT�K 	��"UbZVT:OQP`T�PVchOxKwvh\^X�K��<PtMnX]MVU"P�R�X�K5KhT�Ma�dU3chZVTWfhihRbU"fw�
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��TrOxfhU"K�M0O|Yp��MVkhU������ �WihX�K�M0ih\ KWi$\B�oUbZVPqT�Y{X<\:U"P`T�K�OxM
OQP
K$U"R"UbPVPVX�Z`��MVT<coUbZ`Y[T�Z`\
X $���% � * � �S*0� 2�( � 
 � � ()� * �0�����q� �+� 
LK�MVkhUyP`OQ\:chzQUbP`M�M0U"Z`\^Pbv X:ceX�ZtM0O�X]zSl-X���U�X]KeX�zx�WP`OQP
fhUbMVU"ZV\:OQK$U"P}chZ`Tsf$ihRbMVOQT�KrX]\^chzxOxMVihfhU"P���� 
$MVM0OxKhjyf$U"R�X��<X�Khj�ihzQX�Z�fhOQPtM0ZVOx�hi$MVOQT�KhPb�$��khU

hMqOQK$R"zQi$fhU"P�OxK$Y[T�Z`\)X]MVOQT�K5T�K�MVkhUBcdT�z�X�Z`O �"X]M0OxT�K�T]Y�MVkhUB�dU�X�\ X�Khf�M0X�ZVj�UbM�voM0khUBP`chOQK
X�Khf ceX�ZVO|ML��T�Y�M0khU:ZVUbPVT�KhX�KhR"U]v�MVkhU:PVchOxK�X]Khf�chX�ZVO|ML��T�Y-X�K���feX�ihj�k�MVU"Z3ZVUbPVT�KeX]KhR"UbP
X�Khf�X�K��^ZVU"zQX]M0O|��UHT�ZV�hO|MnX�zdX�K$j�ihz�X]Z{\:T�\:U"K�MnX$� ��khU3X�KeX]zx�WPVOxP{P`U"U"_~P�M0TyU"P`M0X��hzxOQPVk^M0khU
chZVTWfhihR+M0OQT�K PtM0Z`U"Khj�MVkhP"v�chZVTWfhihR+M0OxT�K�\^UbRnkeX�KhOxPV\:P3X�Khf�M0khU:ZVUbz�X]MVOx��U�c$keX�PVU�\:T�M0OxT�K
T�Y-�]X�Z`OQT�ihP3chZ`Tsf$ihRbMVOQT�K�X�\:chzQO|M0ihfhUbP"� �EkeX�PVU^\^T]M0OQT�K�OQPmR"ZVO|M0OxR�X�z�OxK�f$UbM0UbZV\:OQKhOxKhjrOxY
ZVU"P`T�KeX�K$R"UmchZVTWfhihR+M0OQT�K5OxP�chZVUbPVUbK~M"�

" khOxzQU�M0khU{OQ\:chzQUb\^UbK�MnX]MVOQT�K3T�YdX
chX�Z`MVO�X�z�l-X6��UaX�KeX�z|�WPVOQP�OQP�OQKBc$ZVOQK$R"OQc$zQU�P`MVZ0X�Oxj�k�M`�
Y[T�Z`l-X�ZVf v�M0khUbZVU�X�ZVU��dT�MVk�U"\:chOQZ`OQR�X]z$X�K$f:OxK�M0ZVOxKhPVOxR-fhO�!:R"ihz|M0OQUbP"� �E\^chOxZVOxR�X�zxzx��v.OQK$P`M0Z`is�
\^UbK~M0X]M0OxT�KrU�#oU"R+M0PbvePVihRnk5X�P�fhU+M0UbRbM0T�ZaX�R"RbU"c$M0X�KhR"UmX�K$f5Z`U"P`T�zQi$MVOQT�K vsR"X�K�R"T�KhP`chOQZ`U�M0T
\)X�_]U)T�K$U)fhOxP`M0Z`OQ�hisM0OQT�K zxTsT�_�zQOQ_]U)X]KhT�M0k$U"Z"� ��khUbPVU<P`OQ\:OQzQX�ZqfhOQPtM0Z`OQ�hi$MVOQT�K$PmzxU�X�f M0T
�Q( �./2�!�W(�OxK MVkhU^chX�Z`MVO�X�z�l-X���U)X�KeX�z|�sP`OQPb�1. U"Z`U�v�R"ZVT�chchOQK$jhvSPV\:U�X�Z`OQKhjhv T�ZmOxKhR"T�ZVZVUbRbM
X�R"RbU"c$M0X�KhR"U�R"T�Z`ZVU"R+M0OxT�KhP)T]Y�MLl-T�chk��sP`OQR"X�zQz|� fhO�#oU"Z`U"K�M<f$OQP`MVZVOx�hi$M0OxT�KhP�\^X6� zxU�X�f M0T
fhOQPtM0ZVOx�hi$MVOQT�KhP�lakhOQRnk�X]ZVU�X]chceX�Z`U"K�M0z|�)OxKhfhOQPtM0OxKhj�ihOxPVkeX��$zQU�� ��khUbPVU3fhO�!:RbihzxMVOQU"P�R�X]Kr�oU
\^OxKhOQ\:O �bU"f����^c$ZVT�cdU"Z`zx��fhUbPVOQj�KhOQKhjmM0khUHU��scdU"ZVOx\^UbK�M�v �gPVUbU�PVUbRbMVOQT�K ��� � �$� .eihzQz X�K$j�is�
z�X�Z�R"T6��U"Z0X]j�U
OxK:MVkhUHf$OQP`MVZVOx�hi$M0OxT�KhPER"X�K)�dU
X]RnkhOQU+��U"f)�~�:ihP`OQKhjNXNK$U�X�Z`zx��� ��fhUbMVU"R+M0T�Z
laOxM0k U��sR"U"zxzQUbK~M�Z`U"P`T�zQi$MVOQT�K � 
LK X�f$fhOxMVOQT�Kwv�khOQj�k P`MnX.M0OQPtM0OxR"P�X�Z`U<R"Z`OxMVOQR�X]z�MVT��oU�X��$zQU
M0T�P`U"ceX�ZVX]M0U:M0khUbPVU<chX�Z`MVO�X�z�l-X���U"PBlaO|M0k X]R"R"i$Z0X�R+������k~ihPbv�M0khT�ZVT�ihj�k�ceX�ZtM0OQX�z�l}X���U
X�KeX�z|�sP`OQP�ZVU �Wi$OQZVUbP-KhU"X�ZVz|� � ��RbT6��U"ZVX�j�U]vhU��sR"UbzQzxU"K�M}Z`U"PVT�zQi$MVOQT�Kwv~khOxj�k:P`MnX.M0OQPtM0OxR"P{X�KhfrX
��U"Zt��j�TWTsf�ihKhf$U"ZVPtMnX�K$fhOQKhj:T�Y�M0khU3fhU+M0UbRbM0T�Z"�
��khU ���q��\:UbMVkhTsf�OxP�P`ih� 
`UbRbM�M0T:OQK�M0Z`OQKhP`OQR�\^X]M0k$U"\^X]M0OxR�X�z X�\B�hOxj�ihOxMVOQUbP-Y[T�Z�R"UbZt�

MnX�OxK 
eKeX�zdP`M0X]M0UbP"�%�}l{T�T�Z}\:T�ZVU�fhO�#oU"Z`U"K�M�RnkhT�OQR"UbP}T�Y�X�\:chzxOxM0i$fhU"P�zQU"X�f)M0TyOQfhUbK~MVOQR"X�z
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T��hPVUbZ`�]X��hzxU"Pbv�(�� ����\:T�\:U"K�M0Pb� .HU"Z`UNMVkhU"Z`UBX�Z`UyX]MHzQU"X�P`M�MLl{TrX�chchZ`T�X�RnkhUbP"� ��khU 
eZ`P`M
X�PVP`ih\^UbP�PVT�\:U � $d% * ,.% *�chk��WPVOQRbP�_~KhT6lazQU"f$j�UrM0keX]M�X�zQzxT laPNT�KhU<MVT�RnkhTsT�PVUrT�KhUrP`T]�
zQi$MVOQT�K T6��U"ZBX�KhT�MVkhU"ZbvH(�� ����X]MyMVkhZVUbPVkhT�zQf�zxT l X�Khj�ihzQX�Zm\^T�\:U"K�MVih\ l}X���U"P�PVk$T�ihzQf
fhT�\:OQKeX]MVU)khOxj�k X�K$j�ihz�X]Zy\:T�\^UbK�M0ih\ l}X���U"P"� ��khUrPVUbR"T�Khf OxPyM0T�U��hX]\^OxKhU)P`OQ\Bihz��
MnX�KhUbT�ihP`zx� PVU+��UbZ0X�z 
eKeX�z�PtMnX]MVU"P�M0T�lakhOQRnk M0khU�Z`U"PVT�KeX�KhRbU�R�X]K�fhUbR�X���� " khOQzxU<M0khU
fhOQPtM0ZVOx�hi$MVOQT�KhP3\^X����dU)RbT�K$Y[ihP`U"f�OxK�T�K$U 
eKeX]z{PtMnX]MVU�v�P`ihRnk X�P � �Ev�M0khU+��X]ZVU:zQOQ_]U"z|�
M0T:�oU3fhO�# UbZVU"K�M�OQK5X�PVUbR"T�K$f�PVi$Rnk�X�P � �E� ��khOQPazQX]MVMVU"Z�X�c$chZVT�X]Rnk�X�P`PVih\:U"P�M0khX]MaM0khUfhUbMVU"RbMVT�ZmkeX�P3�oUbU"K�T�c$M0Ox\^O��"Ubf�Y[T�Zq\)X]K~��fhO�#oU"Z`U"K�M 
eKeX�zEPtMnX]MVU"PNX�Khf�M0keX.MNZ`U"zQX]M0O|��U
KhT�ZV\^X�zxO ��X.M0OQT�KhP-�dUbMLl{U"UbK�M0k$U"PVUNX�Z`Umi$KhfhU"Z`P`MVTsTWfw�
��khOxP<z�X.MVM0UbZrX�chc$ZVT�X�Rnk T]YNzxTsT�_WOxKhj X]M<\BihzxMVOQchzxU 
eKeX�z�PtMnX]MVU"PrKhT]M�T�Khzx��X�zxzQT6laP

T�KhU3M0T�PVUbceX�Z0X.M0UmfhO�#oU"Z`U"K�Mal}X���UbP"vo�hi$M�OQK�OxMVPVUbzxY��sOxU"zxfhPa_�Ub��OxK$Y[T�Z`\)X]MVOQT�K<X��oT�i$MaM0khU
ZVU"zQX]M0O|��UNfhU"R"X6��Z0X]MVU"P�T�Y�\:U"P`T�KhPb� 
�M
OQP
MVkhOQPHz�X]M`M0UbZ
OQKsY[T�ZV\^X]M0OxT�KrM0keX.MqOQPHR"ZVO|M0OxR�X�zSM0T
ihKhfhUbZVP`M0X�KhfhOxKhj�MVkhU�ihKhfhUbZVz|�sOxKhj�l}X���U:Y[ihKhR+M0OQT�KhP3T�Y{MVkhU:\^UbPVT�KhP

�
M0k$U"OQZqRbT�K�M0UbK~M

X�Khf�\^O �sOQKhj:laOxM0k�T�MVkhU"Z
P`MnX.M0U"Pb� ��khOxPqX��hOxzQOxML��MVTr\^U"X�PVihZ`U�X�R"RbihZ0X.M0U"z|��\^X�K�� 
hKeX�z
P`MnX.M0U"PHX�KhfrMVT:cdU"ZtY[T�ZV\IX�P`OQ\Bi$zxMnX]KhU"T�i$P�ceX�Z`MVO�X�zdl}X���UyX�KhX�zx�WPVOxP�OQPaX�_�U+�rY[U�X]MVihZVU3T�Y
M0khU��^������	uPVcdU"RbMVZVT�\:UbMVU"Zb�
��khU:ihP`U)T�Y-chkhT�MVT�K�cdT�z�X]ZVO �"X]M0OxT�K�laOxzQz�X�zxPVT�X�zQzxT l T�KhU�M0T5PVOx\^c$zQOxYp�5M0k$U<X�KeX]zx���

PVOQPBX�Khf�MVT�X�R"RbU"P`P�X�fhfhO|M0OQT�KeX�z�OQK$Y[T�ZV\^X]M0OxT�K�T�K�M0k$U<chZVTWfhihR+M0OxT�K�T�Ya\:U"P`T�KhP"����khOQP
laOQzQz�chZVT6�WOQfhU:_�U+��RnkhU"Rn_~PBT�K MVkhU^PtMnX��$OQzQO|ML��T]Y-M0k$U)X�KhX�zx�WPVOxPqOxMVPVU"z|Y �%" khOQzxU�X5RbOQZVRbis�
z�X�Z`zx��cdT�zQX�ZVO��"U"f �dU�X�\ \^X����WOQU"zxf�P`T�\:U^OxK$Y[T�ZV\^X]MVOQT�K�OxK�X�Y[Ubl P`coUbR"OQX�z�R�X�P`U"P"v�M0khU
M0ZVi$Urj�X�OQK�R"T�\:U"PBY[Z`T�\ zxOQKhU"X�ZycdT�zQX�ZVO���X]MVOQT�Kw� �SOxKhU�X]ZBcoT�z�X�Z`O ��X.M0OQT�K�fhU 
eKhUbP^X)
 (+*
� $��2� * � � 82*p%0(-+ � * ,�
)�dUb��T�Khf�M0k$UNchk$T�M0T�K5fhOxZVU"R+M0OxT�KwvhlakhOxRnk�OQPaKhT]M�MVkhUmR�X�P`UmY[T�ZaRbOQZVRbis�
z�X�Z�coT�z�X�Z`O ��X.M0OQT�Kw� � OQKhU"X�ZVz|��coT�z�X�Z`O �"Ubf�zxOQj�k�M�R�X�K��oUNU��schZVUbPVP`U"f�X�P�X)RbT�khUbZVU"K�MqP`ih\
T�Y�khU"zxOQRbOxML� �[R"OQZ`R"ihzQX�Z�coT�zQX�ZVO���X]MVOQT�K��{P`M0X]M0UbP
lakhOQRnk�zQU�X]fhP�MVT<OQK�MVU"Z`Y[UbZVUbKhR"UyMVU"Z`\^P�KhT�M
chZVUbPVU"K�M�Y[T�Z�ihKhcdT�z�X�Z`O �bU"fyzxOQj�k�M"� ��k$OQP��WOQUbzQfhP�X�fhfhO|M0OxT�KeX�zWX�Khj�ihz�X�Z�fhUbcoUbKhfhU"K$R"U�lakhOQRnk
PVOQ\:chzxO�
eUbPaMVkhU �/" � X�KeX�z|�sP`OQPb� .eihZtM0khUbZV\:T�ZVU]v zQOQK$U�X�ZacdT�z�X�Z`O �"X]M0OxT�K�OQP�KhU"RbU"PVPVX�Z`��M0T
fhOQP`R"ZVOx\^OxKeX]MVU��oU+MLl-UbU"K�fhO�#oU"Z`U"K�M�chZVTWfhihR+M0OQT�K5\:U"RnkhX�KhOQP`\^Pb�

�}X]Rn_Wj�ZVT�ihK$fhP
X]ZVUmX�zxl-X��WPHX�chZ`T��hzQUb\IOQK5X�ceX�ZtM0OQX�z l-X6��UBX�KhX�zx�WPVOxP"�4��khUbPVUNzQOQ\:OxM
T�KhU 
 PrX��$OQzQO|ML��MVT�\:U�X�P`ihZVU5chkeX�P`U�\:T�M0OxT�Kwv{X�Khf R"X�K �dU�chX�Z`MVOQR"i$z�X�Z`zx� P`Ub��UbZVU�OxK X
ZVU"j�OQT�K�T]YEfhU"K$PVU�T6��UbZVz�X]chchOQK$j<ZVUbPVT�KeX]KhR"UbP"�3�}X�Rn_~j�Z`T�ihKhf$P�OQK���T�zx��UBX)fhO�#oU"Z`U"K�M�
hKeX�z
P`MnX.M0U�X�R"RbOQfhUbK�M0zx�yZVUbR"T�KhPtM0Z`ihRbMVOQKhjNX�P�M0k$U�RnkhX�KhKhUbzeihKhfhUbZ�PtM0ihfs�����EOxMVkhU"Z�XqceX�ZtM0OxR"zQU-OQP
\^OxPVPVUbf^���BMVkhUafhUbMVU"R+M0T�Z�T�Zbv~lak$U"K:chi$MVMVOQKhjqMVkhU 
eKeX�zePtMnX]MVU��eX�Rn_BM0T�j�UbMVkhU"ZbvW\yihzxMVOQchzxU
OQK�M0UbZVchZ`UbMnX.M0OQT�KhP�X�Z`UBcdT�PVP`OQ�hzxU�� ��khOxP
R"X�K��oUy\^OxKhOQ\:O �bU"frlaOxMVk�X)j�TWTsf/� � fhUbMVU"R+M0T�Z
laOxM0krk$OQj�k<U !:R"OQUbKhRb�^Y[T�Z}fhU+M0UbRbM0OxKhj�X�zxz 
eKhX�z PtMnX]MVU�ceX�ZtM0OQRbzQUbP{laOxMVkrj�TWTsf^ZVU"P`T�zQisM0OQT�Kw�
�qK$U�K$U"U"f$P{X]zQz$chX�Z`MVOQR"zxU"P�MVT3�oU�Z`U"R"T�KhP`MVZVihR+M0U"f:l-UbzQzhUbKhT�ihj�k:MVT3X�zQzxT l Y[T�Z�X3RbT�\:chzQU+M0U
_WOxKhU"\^X]MVOQR�X]z OQf$U"K�M0O�
eR�X]MVOQT�KrT]Y�X�PVcdU"RbO�
eR 
eKeX]z P`MnX.M0U��

.�OxKeX�zxzx��v.lakhOQzxU�M0khU ���q��OQPEOxK^c$ZVOQK$R"OQc$zQU�P`MVZ0X�Oxj�k�MEY[T�Z`l-X�Z`fwvWMVkhUa\)X]RnkhOQKhUbZ`��O|M0PVUbzxY
R�X�K��dU"R"T�\^U�ZVX]M0khUbZqR"ih\y�oUbZVPVT�\^U]� ��khUbZVU:X�ZVU�P`Ub��U"Z0X]z�f$O�#oU"ZVUbK�M3U �~ihOx�]X�zxU"K�Mq�eX]PVU"P
OQK�lakhOQRnk�M0khUHX�KeX]zx�WPVOxPER�X�K:�oU�fhT�K$U�� 
LK^X�fhfhO|M0OxT�Kwv�PV\^X�zxz$R"TWfhOxKhjNUbZVZ`T�ZVP�R�X]K^zxU�X�f�M0T
U"ZVZ`T�ZVPHlakhOQRnk�\^X���KhT]M��dUBU�X�P`OQz|��fhUbMVU"RbMVU"f�OQK�M0khUBZ`U"P`ihzxMVP"� �
P
PVihRnkwvwMVkhU1�^�����
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R"T�zxz�X��dT�Z0X.M0OQT�K�OQP�f$Ub��UbzQT�c$OQKhj OQKhf$U"cdU"KhfhUbK�M ���q� ceX�Rn_.X�j�UbP"� �-ihZVZ`U"K�M0z|� MLl-T PVi$Rnk
ceX�Rn_.X�j�UbP<keX���U��dU"UbK OQ\:chzxU"\:U"K�M0Ubfw� ��khU"P`U�ihPVU5MLl-T f$O�#oU"ZVUbK�M)Y[T�Z`\)X�zxOQP`\^P �[T�KhU
ihPVUbPaMVkhUqPVT�R"X�zQzxU"frZVU+#eU"R+M0O|�sO|ML�<�eX]PVOQP}X�KhfrM0khUqT]M0khUbZ�khU"zxOQR"O|ML�:�eX�PVOxP �&v$lakhOQRnk�R"X�K��oU
ihPVUbf�M0T�RbZVT�P`PHRnkhUbRn_�ZVU"P`ihzxMVPaT�Y�
$M0P"�
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�M�laOQzQzo�oUqK$U"R"UbPVPVX�Z`�rMVT:P`khT6l3veOQK<MVkhU 
eZVPtM�ZVU"P`ihzxMVP}Y[ZVT�\ �^��� �
	�vsMVkeX]MaT�i$Z�U��scoUbZt�
OQ\:U"K�M�chZ`Tsfhi$R"U"P�Z`U"P`ihzxMVP}M0keX]M�X�ZVUqRbT�KhPVOxP`MVU"K�M�laOxMVkrchZVU+�sOxT�ihP�OxK~��U"PtM0OQj�X]M0OxT�KhP"v$X�zQ�dU"O|M
laOxM0kr\yihRnk�j�ZVU�X.M0U"Z-P`MnX.M0OQPtM0OxR�X�zdchZVUbR"OxPVOQT�Kw�4��khU"P`UqlaOQzQzdOQK$R"zQi$fhU
M0T]MnX�zoR"ZVT�PVPaPVUbRbM0OxT�KhP
� X]M��]X�Z`OQT�ihP-chkhT�MVT�K�U"KhUbZVj�OxU"P �{Y[T�Z}��X]ZVOQT�ihP}OQK$R"zQi$PVOx��U�\Bihz|M0O�	WceX�ZtM0OQRbzQU�chkhT�MVT�chZ`Tsfhi$R+�
M0OQT�K:Z`U�X�R+M0OxT�KhP ( � � 	�* vWOxK���X]ZVO�X]K~M�\)X�P`P�fhOQPtM0ZVOx�hi$MVOQT�KhP�X]Khf^f$O�#oU"ZVUbK�M0O�X]zhR"Z`T�PVP�PVUbRbM0OxT�KhP
Y[T�Z}U��sRbzQihP`Ox��UqZ`U�X�R+M0OxT�KhP&( ��� 3sv�1 ��*wX�KhfrfhUbKhPVO|ML�r\)X.M0ZVO �:U"zxU"\:U"K�M�fhU+M0U"Z`\^OxKeX]MVOQT�KhP{OQK
chZVTWR"UbPVPVUbPHY[T�Z}lak$OQRnk5coT�zQX�ZVO��"Ubfr�oU"X�\^P�khX6��UN�dU"UbK�X��]X�OQzQX��hzxU�( ��� ��* �

��X�Rnk<T]YwM0khUH\^U"X�PVi$ZVU"\:U"K�MVP}R"O|M0U"f)X��dT ��U
keX]P-�dU"U"KrR"X�ZVZ`OQUbf)T�i$M�laOxMVk)Z`U"z�X.M0Ox��U"z|�
zQT6l�#ei���chkhT�MVT�K��oU"X�\:P��[Y[T�ZHlakhOxRnk�M0khUB�dU�X]\ KhT�ZV\^X�zQO���X]MVOQT�K�OQPHZ0X]MVkhU"ZHP`MVZ0X�Oxj�k�M`�
Y[T�Z`l-X�ZVf���X]Khf�i$PVOQK$j �$ih�h�hzxU5RnkhX�\B�dU"ZVP�Y[T�Z�chX�Z`MVOQR"zxUrfhUbMVU"R+M0OQT�K �plakhOQRnk M0khUbZVU+Y[T�ZVU
chZVT6�WOQfhUmU��sRbU"zQzxU"K�M�ve# X.M
X]R"R"Ubc$MnX]KhR"UmY[ihKhRbMVOQT�K$P �+� ��T6�WOQKhj�M0T:khOQj�k�OxK~MVU"KhP`OxML���dU�X�\:P
X�Khf<P`T�chkhOxP`M0OxR�X]MVU"f^U"zQUbRbMVZVT�KhOxRHf$UbM0UbRbMVT�ZVPbvslakhOxzQU�zQU�X]fhOQKhj3M0TNU"KhT�ZV\:T�ihP�j�X�OQK$P{OxK)P`M0X.�
M0OQPtM0OxR�X�z�c$ZVU"RbOQP`OQT�KwvS\^X�_�UbPNO|M3\^T�ZVU�fhO�!^RbihzxM3MVT�fhU+M0UbZV\:OQKhU�KhT�ZV\^X�zQO���X]MVOQT�KhPb�� sOxKhR"U
T�KhU�T�Y�T�ihZ�\^X�OQK j�T�X�zQPyOQPyMVT f$UbM0UbZV\:OQKhUrP`ihRnk�MVkhOQK$j�P�X�P�ZVUbz�X]MVOx��U<�hZ0X]KhRnkhOQK$j ZVX.�
M0OQT�P3X�Khf chZVTWfhihR+M0OQT�K�RbZVT�P`PmP`U"R+M0OQT�KhPNT]Y-KhU+l P`M0X]M0UbP"v�OxM3OxPqOQ\:coT�ZtMnX�K�M�MVT�UbP`M0X��hzQOxPVk
R"T�KhP`OQPtM0U"K�M3RbT�KhKhUbRbM0OxT�KhP�laO|M0k�M0k$U"PVU�c$ZVUb�WOxT�ihP�\:U�X�P`ihZVUb\^UbK�M0P"��.eihZ`MVkhU"Z`\^T�ZVU�voOxM
OQP
zQOQ_]U"z|�BM0keX.M}T�ihZ�U��scdU"Z`OQ\:U"K�M{laOxzQzeZ`ihK)laOxMVk)fhO�# UbZVUbK~M�M0Z`OQj�j�U"ZVP�Y[T�Z�fhO�# UbZVU"K�M-ZVihKhK$OQKhj
coUbZVOQTWfhPbvoX]Khf5MVkhU"P`UyfeX.MnX�PVUbMVP
KhUbU"f�MVT^�dUm\^UbZVj�Ubf�X�P�PVU"X�\:zQU"P`PVz|��X�P�coT�P`PVOx�hzQU]� �
zxz
T�YaM0khUbPVUrj�T�X]zQP3laOQzQz�KhUbU"f X�R"RbihZ0X.M0U<RbT�K�M0ZVT�zQPyT]YH�dU�X]\ KhT�ZV\^X�zQO���X]MVOQT�K X�Khf f$UbM0UbR+�
M0T�ZNX�R"RbU"c$M0X�KhRbU�v�X]Pml{U"zxz{X]PyX�R"zxU�X�Z3fhU+M0U"Z`\^OxKeX]MVOQT�K�T�Y{M0khUbOQZ3OQKhk$U"ZVUbK�MyPt�sPtM0Ub\)X]MVOQR
ihKhR"UbZ`M0X�OQK�ML���

�-U+��T�K$f f$U"\:T�KhP`MVZ0X]MVOQKhj5M0keX.M�U�X�Z`zQOxU"Zm\^U"X�PVihZ`U"\:U"K�M0P�R"X�K �dU)ZVUbchZVTWfhihRbU"fwv�X�K
X�R"RbihZ0X]MVU�KhT�Z`\)X]zQO �"X]M0OxT�K�chzQX6�WP-XNR"Z`OxMVOQR�X]zdZ`T�zQUaOxK^M0k$U�chk��WPVOQRbP}T�Y��^������	�� ��TN\^U"X.�
PVihZ`U}ZVUbz�X]MVOx��U{fhU"R"X��yZVX]M0UbP�T�Ye\:U"P`T�KhP�O|M�OxP�RbZVOxMVOQR"X�z�M0T�keX���U�X�R"RbihZ0X.M0U}KhT�ZV\^X�zQO���X]MVOQT�KhP
�oU+MLl-UbU"K�fhO�# UbZVUbK~M 
hKeX�z P`M0X]M0UbP"�%��khOxP�Z`U �~ihOxZVU"P�MVkhU3X��hOxzQOxML�:M0T�RbT�ihK�M�OQKhRbOQfhUbK~Mac$khT]�
M0T�KhP�X�Khf�X]zQPVT�M0khU-X��hOxzQOxML�HM0THihKhfhUbZVP`M0X�Khf�Pt�sPtM0Ub\)X]MVOQRbP�fhihU�M0THMVkhU{MVZVOxj�j�U"ZSkeX]ZVf$l-X�ZVU
X�Khf5PVT�YpMLl-X�ZVUmT�KrM0k$UmU+��UbK~M
Z0X]MVU"Pb�
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��TBPtM0ihfs�:MVkhU
f$U"PVOxj�K<T�Y M0khU0�^� ���
	 fhU+M0U"R+M0T�ZbvhX�K$f^M0TNkhU"zxc)OxK)ihKhf$U"ZVPtMnX�K$fhOQKhjNM0khU
zQOQ\:OxMVP�T�YdM0k$U ��X�Z`MVO�X�z "�X���U �
KhX�zx�WPVOxP"vWXqP`MVihf$��l-X�P�ihKhfhUbZ`MnX]_�U"K^M0T3coUbZ`Y[T�Z`\ X ���q�
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T�K�PVOx\Bihz�X.M0U"f�feX]M0X$� ��khUBj�T�X�zQPHT�YEM0k$UBP`MVihf$��X�ZVUyMLl{T�Y[T�zxf � M0T<�dT�MVk �~ieX�zQO|MnX]MVOx��U"zx�
X�Khf �~ieX]K~MVOxM0X]M0O|��U"z|�3ihKhfhUbZVPtMnX�KhfNM0khU�ZVT�zxU�T�Y$MVkhU-chk$T�M0T�KNcoT�z�X�Z`O ��X.M0OQT�K�OQK3M0khU{ceX�ZtM0O�X]z
l}X���U3X]KeX�zx�WP`OQP�X�KhfwvWM0TNfhUbMVU"ZV\:OQK$U�lakeX.M-zxOQ\:OxM0P�X]ZVU�chz�X�RbU"f^T�K)M0k$U ���q��fhihU�M0TmM0khU

eKhOxMVU�X�RbR"U"csMnX�KhRbU X�Khf ZVUbPVT�zxi$M0OxT�K T�Y3MVkhU�fhUbMVU"R+M0T�Zb� ��khU�X]OQ\ OQP)MVT ihzxMVOQ\^X]M0Ubzx�
coUbZ`Y[T�Z`\@P`ihRnkrXyPtM0ihfs�^T6��U"Z}\^X�K���fhO�#oU"Z`U"K�M 
hKeX�z P`M0X]M0UbP-�hi$M"vsMVTyfhU+��U"zxT�c)MVkhUHMVTsT�zxP
M0T)cdU"ZtY[T�ZV\IMVkhOQPbveM0khUmOQKhO|M0OQX�z PtM0ihfhOxU"PHkeX���UyRbT�KhRbU"K�M0ZVX]M0Ubf�T�K�MVkhUNZ`U�X�R+M0OxT�K ��� � � Y[T�Z
��� � ���/. � ��� � ����� � � � � � � � � ��� � � �
��khOQP{OQP{Xyj�TWTsf:R�X�K$fhOQfeX.M0U
Z`U�X�R+M0OxT�K^Y[T�Z�U��sT�MVOQR�����PVU"X�ZVRnkhUbP"� 
�Y�X ��� � � ceX]OQZ�R"T�\:U"PY[ZVT�\IMVkhUyfhUbR�X���T�Y�X � �
\^UbPVT�K5M0khUbK�M0khU 1 � 
hKeX�zSP`M0X]M0UNkeX�P ����� � ��� �
	 � � �m� �
X�Khf OQP:X�K OQPVT6��U"RbMVT�Z"����k~ihP"v�X�ZVUbPVT�KhX�K�M � ��� � � ��l-X���U�l-T�i$zQf R"T�Z`ZVU"P`coT�Khf�MVT�X
RnkeX�ZVj�U"f�\:U"\y�oUbZ�T�Y�MVkhU � ��� � � � ��U��$T]M0OQR3\Bi$zxM0OxchzQU+M��
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��T�K~MVU �}X�Z`zQT:P`MVihfhOQUbPHkhX6��Uy�dU"UbK�\)X]fhUqlaOxM0k5ihKhcdT�zQX�ZVO��"U"f v ���	� � zxOQKhU"X�ZVz|�<cdT]�
z�X�Z`O �"Ubf X�Khf�Y[ZVX�RbMVOQT�KeX]zQzx��cdT�zQX�ZVO��"U"f�chkhT�MVT�KhP"� ��khUrfeX]M0X�R�X�K �dU"PtM��oUrU��hX]\^OxKhU"f
�~� zxTsT�_~OxKhj5X]MNMVkhU 1 � Pt�sPtM0Ub\ OxK MVkhU'�qT�MVM`Y[ZVOxU"f 	�I�X]Rn_WP`T�K � �GI6�
Y[ZVX�\^U]v �[PVUbU .�Oxj]�
ihZVU ��� � � �+� ��khU �GIrY[Z0X�\:U�OQPqM0khU�Z`U"P`MNY[Z0X�\:U�T�Y{M0khU 1 ��P`�WP`MVU"\ laOxMVk�M0k$U !�X��sOQP
RnkhT�PVUbK�M0T5�oU^X�zxT�KhjrM0khU:chkhT]M0T�K��oU"X�\ fhOQZ`U"R+M0OQT�Kw�1��khU�	�X��sOQPmOQP3fhU 
eKhUbf X�P3M0khU
KhT�ZV\^X�z�M0T�
 (�� �g%0,�
 	�1 � chZ`Tsf$ihRbMVOQT�K�chz�X�K$U)�plakhOQRnk OxP^OxK���X]ZVO�X]K~M:ihK$fhU"Z<�dTWT�P`M:M0T
M0khUNZVU"PtM�Y[Z0X]\^UmT�Y�MVkhU 1 ��P`�WP`MVU"\1�+� ��khUychk$T�M0T�K�coT�zQX�ZVO���X]MVOQT�KrOxP�
��$Ubf�OQK5M0khUNz�X��
Y[Z0X�\:U���.HT6l-U+��UbZ"v�OQK�MVkhU�� I�Y[Z0X�\:U)O|MyOxPBX]MyPVT�\:U<X]Khj�zQU�� laO|M0k�Z`U"P`coUbRbM�M0T�M0khU
	�X��sOQP1�[lakhUbZVU�� �]X�Z`OQU"P3T�K M0khU:Ub��U"K�M 	~�~� 	WU+��UbK~M:�eX]PVOQP �+� ��k$U 1 � P`�WP`MVU"\ fhUbR�X��WP
OQK�M0T^X ����P`�WPtM0U"\5voX�Khf�X:PVcdU"R+MnX]MVT�Z���� 
LK�MVkhU#� I:Y[ZVX�\^U]vhM0khUmT�Z`OQU"K�M0X]M0OxT�K�T�Y�M0k$OQP
fhU"R"X6�<OQP�j�O|��U"Kr��� �����
X�Khf �����HX�P}P`khT6laK�OxK .�OQj�ihZVU ��� � � � 
LK<M0khU3R�X]PVUqT�Y�zQOxKhU�X]ZVzx�
coT�zQX�ZVO��"UbfrchkhT�MVT�KhP"v T�K$UmU��scoUbRbM0PaM0k$U"ZVUqMVT^�dUmX�f$U"cdU"KhfhUbKhR"UNT�K��oT]M0k�M0khUmX�Khj�zQU��
X�Khf�M0khUmX2�bOQ\Bi$MVkeX�z X]Khj�zQU ���4��khOxPal{T�ihzxf�K$T�Ma�oUqMVZVihUqY[T�Z�ihK$coT�zQX�ZVO��"UbfrchkhT�MVT�KhP"�
��khU 1 � feX.MnXrkeX���U��dU"U"K j�UbKhU"ZVX]M0Ubf�ihP`OQKhj5XrchkeX]PVU�	~PVceX�RbU���T�K~MVU �}X�ZVzxThv X�Khf

M0khUBU+��UbK~MVP3keX���U��dU"U"K�l{U"Oxj�k�M0Ubf�ihPVOxKhjrX)T�K$U�	WchOxT�K�U��$RnkhX�Khj�U�� ����� �HchZ`Tsf$ihRbMVOQT�K
\^UbRnkeX�KhOxPV\ M0keX.MyOxKhR"zxihfhU"P�1 � ZVU"P`T�KeX�K$R"U"PyfhU"R"X6�WOxKhj��WO�X � � ( 1���* ���
zxz�_~KhT6laK � �ZVU"P`T�KeX�K$R"U"P�OQKrMVkhU�laOxMVk5\^X�P`P�zQU"P`P}M0keX]K�� � ��� �
	 � MVkeX]MaR�X]K5�dU3chZVTWfhihRbU"f�OQK � ���
keX���U��oUbU"K OQKhRbzQihf$U"fw� � ��khUbPVU X�ZVU�zxOQPtM0U"f OxK ��X]�hzQU ��� � � �+� �}M�zQT6l \:T�\:U"K�M0i$\
M0Z0X]KhP`Y[UbZ"v�� ��� OxP�U��scdU"RbMVU"f�M0T��dU-MVkhU}fhT�\:OQKhX�K�M�chZ`Tsfhi$RbM0OxT�KB\:U"RnkeX]KhOQP`\ ( ��� 3sv21 �+* �
��khU�U�#oU"R+M�T]YhcdT�z�X�Z`O �"X]M0OxT�K�R�X]Ky�dU�f$OQZVUbRbMVzx�qP`U"U"KyOQK .�OQj�ihZVU ��� � �s� 
LKNMVkhU{X��hPVUbKhR"U

T�Y-cdT�zQX�ZVO���X]MVOQT�Kwv M0k$U"ZVU�OxPqKhT�M0k$OQKhj<MVT5f$U�
eKhU:X ��fhOxZVU"R+M0OxT�K�OQK�MVkhU �GI)Y[Z0X]\^U]� �
P
PVihRnkwv�XrchzQT�M�T�Y ����U"Z`PVihP�� OQP�# X]M"v �gOxK�MVkhU�ihKhcdT�z�X]ZVO �bU"f�R"X�PVU]v�� OxP�MnX�_]U"K�X�PqM0khU
X�Khj�zxU��oU+MLl-UbU"K�MVkhU�	�X��sOQP3OxK�M0khU � I�Y[Z0X]\^U�X]Khf MVkhU�	�X��sOQPqOxK�M0khU �SX���Y[Z0X�\:U!�&�
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.�OQj�i$ZVU ��� � � � ��khUqZVU"X�RbMVOQT�K������	�
������� � ��X�P}P`U"U"K�OxK<M0khU�zQX��)Y[ZVX�\^U
X�Khf�OQK^M0khU�3T�M`MVY[Z`OQU"f 	�I�X�Rn_~PVT�K v � � I6�+v Y[Z0X�\:U"Pb�$��khU�	mfhOQZ`U"R+M0OQT�KBOQKyMVkhU � IHY[Z0X�\:U-OxP�fhU�
hKhU"f:X�P
M0khUHKhT�ZV\^X�zhMVTNM0k$U
ZVU"X�RbMVOQT�K^chz�X]KhU��,��k$U�X�Khj�zQU � zxTsR"X]M0UbP�MVkhUHc$khT�M0T�K<coT�z�X�Z`O ��X.M0OQT�K
fhOQZ`U"RbMVOQT�KrlaO|M0k�ZVUbPVcdU"RbM�M0T�MVkhU�	rX��sOQP�OxK�MVkhU$�GIBY[Z0X]\^U]�
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.�OQj�i$ZVU ��� � � � �EzQT]M0P�T�Y �
���y��UbZVP`ihP ��OxKrM0khU$�qT�MVM`Y[ZVOQUbf 	�I�X�Rn_~P`T�KrY[Z0X�\:U�Y[T�ZaX��eX�Khf
T�Y01 ��\^X�P`PVU"P
KhU�X�Z�M0khUNcoU"X�_�T�Y�MVkhU!� � � � 1 � � �&� ��k$UBzQU+YpM
keX]Khf 
ej�i$ZVUyOxPHY[T�Z ���	� �
coT�zQX�ZVO��"UbfrchkhT�MVT�KhP"velakhOxzQU
MVkhU3ZVOxj�k�MakeX�Khf 
ej�ihZ`U3OQP}Y[T�Z�ihK$coT�zQX�ZVO��"UbfrchkhT�MVT�KhP"�

.HT6l-U+��UbZ"v�OxY�chkhT]M0T�K�cdT�z�X]ZVO �"X]M0OxT�K5OQK�KhT�KW� �"UbZVThvoM0khUbZVU�OQP
R"zQU"X�Z�PtM0ZVi$RbM0i$ZVU�OQK�MVkhU �
��U"Z`PVihP ��chzxT�M0Pb� ��U�X�Z � � � � v�M0k$U �^fhOQPtM0Z`OQ�hi$MVOQT�KNOQP�P`OQK � �Sv�lakhU"Z`U�X�P�KhU"X�Z � � � � � vM0khU�fhOxP`MVZVOQ�$i$M0OxT�K OQP)R"T�P � �SvHRbT�KhP`OQP`MVU"K�M�laOxMVk M0khU�U��scoUbRbM0Ubf � � � R"T�P ( �
� � � � � * �
fhU"cdU"Khf$U"KhRbU��

�-UbR�X�i$PVU�M0khU T�Khz|� chZ`Tsfhi$RbM0OxT�K \^UbRnkeX�KhOxPV\ ihP`U"f OxP � � ��v�X�zxz�ceX�ZtM0OQRbzQUbP�X�ZVU
chZVTWfhihRbU"fwvWOxM�OxP�X�zQP`TmcdT�P`PVOQ�$zQU}M0Tmj�U+M-X]fhfhOxMVOQT�KhX�zsOxK$Y[T�Z`\)X]MVOQT�KBX��oT�i$MEM0khU�KeX]MVihZ0X]zQOxML�
T�Y}M0k$U^chZ`Tsf$ihR"Ubf�ZVUbPVT�KeX]KhR"UbP"� �EOQT�K U��sRnkeX�K$j�U<R"T�ZVZVUbPVcdT�KhfhPmM0T�ihKhKeX]MVihZ0X]z�chX�ZVO|ML�
U��sRnkeX�Khj�U�v3PVT fhU"cdU"K$fhOQKhj T�K M0khU KeX]MVihZ0X]zQOxML��T�YNM0khU�chZ`Tsfhi$R"U"f 1 � P`�WP`MVU"\5v�M0khU
PVOQK � � X�K$f�RbT�P � ��laOQzxz�#eOQc��pM0khU:fhU"cdU"K$fhU"KhRbU)T�K ��RnkeX�K$j�U"PmM0TrM0keX.MNT]Y � � # � � �&�
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��X�PVP ( � ��� * " Oxf$M0k ��� ( � ��� * � ��� ����� � � ( �� *

� ��� � � 	 � � �	� �	� � 1 � � � � �  
� � � � �
1 � � � 1 � � ����� 3 � � . �	� � � � � �
� � � � 	 3 � ����� 1 � � � � � � � � �

. � � 1 .
	 ��� � 	 �	� � 3 � . � � � � � � � � �

��X��$zQU ��� � �	� ��khU�ZVUbPVT�KhX�KhR"U�RbT�K�M0ZVOx�hi$MVOQT�KhPHM0T<M0k$UBl-UbOQj�k�M0OxKhj<Y[ihKhR+M0OxT�Kw�&��khU�R"T�z��
ih\^K�z�X��dU"zxU"f � R"T�Z`ZVUbPVcdT�KhfhP
MVT^MVkhUNZ`U"zQX]M0O|��UNX�Khj�ihzQX�Za\^T�\^UbK~MVih\I�dUbMLl{U"UbK�M0khU �X�Khf�M0khU � OQKrM0k$Umf$U"R�X���T�Y�M0k$U�1���Z`U"PVT�KeX�KhRbU��

. T�Z{KeX.M0ihZVX�zochX�ZVO|ML��v � � ��v � � v � ��v������ �&vsO|M{laOxzQz �dU
zQOx_�UaM0khU � � vWlakhOxzQU�Y[T�Z{i$KhKeX]MVihZ0X�z v� � � v � � v � � v������ �+vEO|MylaOxzQz��oU)T�chcdT�PVO|M0U^MVT�M0keX.M�� ��khOxPB�oUbkeX��WOQT�ZBR"X�K �dU<PVUbU"K OQK.�OQj�i$ZVU ��� � 1�lakhOQRnk:PVk$T laP �)��UbZVPVi$P{M0k$U 1���\^X�P`P�Y[T�Z ��KhU�X�Z � � � v �gzxUbYpM���X]Khf ��K$U�X�Z
� � �gZVOxj�k�M��&� ��khU"P`U 
hj�ihZVUbP�PVkhT6luX�R"zxU�X�ZB�hX�Khf X]MBMVkhU � � \)X]PVP"vElakhOxRnk OQPBRbT�P � �OQK�M0khU�zxUbYpM�vSX]Khf�P`OQK � ��T�K�MVkhU�ZVOQj�k~M"����khU"Z`U^OxP3X�zQP`T5X�P`U"RbT�Khf��hX�Khf��sOxPVOx�hzQUBK$U�X�Z
X5\^X�PVP3T�Y � � 3 � ��� �
	 � vSlak$OQRnk�O|Y�T�KhU�zQTWT�_~PqR�X�Z`UbY[ihzxzx��v keX�PqM0khU�T�c$coT�P`OxMVU^X]Khj�ihzQX�ZfhOQPtM0ZVOx�hi$MVOQT�KhP�X�PaM0k$U�� � �a WOQKhRbUNOxK5MVkhOQP�M0UbP`M"vdMVkhUNU��sRnkeX�Khj�Uy\^UbRnkeX�KhOxPV\�OQPa_~KhT6laKwv
M0khUHT�chcdT�PVO|M0U
PtM0Z`ihRbMVihZVU�\:U�X]KhP�MVkeX]M{M0khUHKeX]M0i$Z0X�zxOxML��T�Y M0khUHceX�Z`MVOQRbzQUHX]M � � 3 � ��� �
	 �OQPBT�c$coT�P`OxMVU)M0keX.M�T�YaM0khU � � � 
LK M0k$UrZVU�X]z-U��scdU"Z`OQ\:U"K�MBM0k$UrU��sRnkeX�Khj�U5\:U"RnkhX�KhOQP`\laOQzQz-KhT�M:�oU�_~KhT6laKw� .HT6l-U+��UbZ"v}M0k$U ���q� R�X�K fhUbMVU"Z`\^OxKhUrM0khU�KeX]MVihZ0X]zQOxML��T�YHM0khU
chZVTWfhihRbU"f ceX�ZtM0OxR"zQU]v�X�Khf�MVkhOQPmR�X�K M0khUbK��dU)ihP`U"f�MVT�fhU+M0U"Z`\^OxKhU�M0khU^KeX]M0i$Z0X�zxOxML��T�Y
M0khU3U��sRnkeX]Khj�U��
��khUbZVUmOQP�PtM0OQzxzwX�f$fhOxMVOQT�KeX]z OQKsY[T�ZV\^X]M0OxT�K<OxK�MVkhU"P`UNc$zQT�MVP"� .eT�Z�\^X�PVP`U"P��oUbzQT6l MVkeX]M

T�YSM0khU � � vWM0khUbZVUqOQP}XBfhO�#oihPVU
�eX�Khf<MVkeX]M�keX]P-M0khUqT�chcoT�PVOxMVU�X�K$j�ihz�X]Z-fhOxP`M0Z`OQ�hisM0OQT�K<X�PM0khU � � � ��k$OQP�R"T�Z`ZVU"P`coT�KhfhPaM0T�M0khU ���7� � ��	 � �-OQKrMVkhUNfhX]MnX$�0.�OxKeX�zxzx��vWY[T�Z�\^X�PVP`U"P 
`ihP`M
�oUbzQT6l�MVkhU � � v M0k$U"ZVU�OQPSX]KNU+��U"Ky\^T�Z`UEfhO�#oihP`U{PtM0ZVi$RbM0i$ZVU�lakhT�PVU{X�Khj�ihz�X�Z f$OQP`MVZVOx�hi$M0OxT�KOQP�T�chcdT�PVO|M0UEM0keX.M�T]YhM0khU � � � ��khOQP�\^T�P`M�zQOx_�U"z|�qR"T�ZVZVUbPVcdT�KhfhP�M0T�M0khU ���+� ��k$U{YgX�R+M�MVkeX]MM0khUHchkhT�MVT�K)�dU�X�\ OxP�zQOQK$U�X�Z`zx�BcdT�zQX�ZVO��"U"f:X�zxzQT6laP�ihP{MVTNZ`U�X�f^PVOxj�KhO�
hR�X�K�M�OQK$Y[T�ZV\^X]M0OxT�K
X��oT�i$M�M0khU3Z`U"PVT�KeX�KhRbU"P�X]Khf5MVkhU"OxZ�chZVTWfhihR+M0OxT�KrfhOQZ`U"R+M0zx�^Y[ZVT�\uPVihRnk�X�c$zQT�M"�

*C* ,��0,
	 
 �<5 ��� 2 
<AC?EDF9�������D 9;:�� � 5�� � �/7 �

��khU"Z`U-X�Z`UEPVU+��U"ZVX�z�U �~ihO|�]X�zQUbK~M Y[T�ZV\^X�zQOxPV\:PoOxK�lakhOQRnk3M0khU ���q�:R�X�Km�dUEcoUbZ`Y[T�Z`\^Ubfw�
�
zQzeT]Y M0k$U"PVUHOQKhO|M0OQX�zQz|�3zQTWT�_BX]M�MVkhUHf$U"R�X���T�YoM0khU�\:U"PVT�K)P`M0X]M0UaOxK:MVkhU � I3Y[ZVX�\:U�v~X�Khf
ZVU �~ihOxZVU�M0keX.M�M0khU5coT�z�X�Z`O ��X.M0OQT�K��oU�U��$c$ZVU"P`PVUbf OQK M0keX.M:Y[ZVX�\:U��#��khU5PVchOxK�f$U"KhP`OxML�
\)X]MVZVO � T�YaX�zxOQKhU"X�ZVz|��cdT�z�X�Z`O �bU"f chkhT�MVT�K�OQK M0khU^khU"zxOQRbOxML���eX�P`OQPmR�X�K �dU�laZVOxM`M0UbK�OQK
M0U"Z`\^PaT�Y�M0k$UNX]Khj�zQU���OxKrM0khU$� I�Y[ZVX�\^U3X]P�OQK�U �~ieX]MVOQT�K ��� � �s�



�������W�����d��
�	
�L�
� �B� ��� ������� � ��� � �S	 � � � � 		�

-100

0

100

1 1.2 1.4 1.6 1.8 2
1

10

φπ+ vs m3π

-100

0

100

1 1.2 1.4 1.6 1.8 2
1

10

φπ+ vs m3π

.�OQj�i$ZVU ��� � 1 � �EzQT�MVPNT]Y �
���r��U"Z`PVihP 1�� 	W\^X�PVP3Y[T�Z ���	� � cdT�z�X]ZVO �bU"f chkhT�MVT�KhPb�/��khU

ej�ihZ`UmT�K5MVkhU3zQUbYpMaOxP}Y[T�Z ��KhU"X�Z�� � � v$lak$OQzQU�MVkeX]MaT�K�M0k$UmZ`OQj�k�MaOxP}Y[T�Z ��KhU�X]Z � � �

���������� � � �
� � � � � � � � � �,� � � RbT�P � �� � RbT�P � �

�
� � � � � � � � � �,��� � ��� � � �

��	 � 	
�� � � � �� � � � � �9� � �� � � � � � �9�� �� � � � � � � � � �� � � � � �9� � � ��� � 16�

��KhUBchX�Z`MVOQR"i$z�X�Z�RnkhT�OxR"UBY[T�Z�M0khU�X�KhX�zx�WPVOxP
OxP
M0khUyZVUb#hU"RbMVOx�WOxML���eX�P`OQP"�&��khU�UbOQj�UbKs�
P`MnX.M0U"P�T�YoZVU+#eU"R+M0O|�sO|ML��X�Z`UaU"OQj�U"K 	WPtMnX]MVU"PET�YoZVU+#eU"R+M0OxT�K�OQKBM0k$U�c$ZVTWfhihRbMVOQT�K�c$z�X�KhU]�$��khU
fhU"KhP`OxML��\^X]M0Z`O �yT�YoXqzQOQK$U�X�Z`zx�NcoT�zQX�ZVO��"Ubf�chkhT�MVT�K�OQK�M0khU�Z`Ub#eUbRbMVOx�WOxML���hX�PVOxP�U��schZVUbPVPVUbf
OQK�M0UbZV\:P�T�YaM0khUrk$U"zQOxR"O|ML���hX�PVOxPBU"zxU"\:U"K�M0P�OxPBj�Ox��U"K OQK U �~ieX]M0OxT�K ��� � 1$� 
LK M0khUrZ`U+�
#eU"R+M0Ox�WO|ML���hX�PVOxP"v c$khT�M0T�KhP
cdT�z�X]ZVO �bU"f�X�zQT�Khj^UbOxMVkhU"Z�M0khU�� X��sOQP
T�Z�MVkhU�	5X��sOQPHOQK5M0khU
�GI^Y[ZVX�\^UyX�ZVUNU"Oxj�U"KhPtMnX]MVU"P�T]Y�ZVUb#hU"RbMVOx�WOxML��� .HT6l{Ub��U"Z"vSchk$T�M0T�K$PHM0khX]M3X�Z`UycdT�z�X�Z`O �bU"f
OQK P`T�\:U�T�MVkhU"Z^fhOQZ`U"RbMVOQT�K�X�Z`U�R"T�khU"Z`U"K�Mr\:O �WM0ihZ`U"P:T�Y�MVkhU�MLl{T�U"Oxj�U"KhPtMnX]MVU"Pb� ��khU
U"OQj�U"K��]X�zQihUbP-T�YwZVUb#hU"RbMVOx�WOxML�^fhUbcoUbKhf<T�K)MVkhU
KhX]M0ihZVX�zQO|ML��T�Y ceX]Z`M0OxR"zxU"P�OQK���T�z|��Ubf<OQK:M0khU
ZVU�X]RbM0OxT�Kw� .eT�Z3X�j�Ox��U"K�chZ`Tsfhi$R"U"f�ZVUbPVT�KeX]KhR"U]v�zxOQKhU"X�Z�cdT�z�X�Z`O �"X]M0OxT�K�U"KhX��hzQUbP3T�KhU�M0T
fhOQPtM0OQK$j�ihOQP`k��dUbMLl{U"UbK�KeX.M0ihZVX�zQO|M0OQUbPaT�YEM0khUyU��sRnkeX�Khj�U"f�ceX�ZtM0OQRbzQUbP"� ��khOxP
OxPHM0k$UB\)X]OQK
keX�KhfhzxU^T�K MVkhU^c$ZVTWfhihRbMVOQT�K \:U"RnkeX�K$OQPV\5�) sU"RbT�Khfwv�OxY�M0khU:chZVTWfhihR+M0OxT�K�\:U"RnkhX�KhOQP`\
OQP�_WK$T laK#�n(�� ���}Y[ZVT�\�\:T�\:U"K�M0ih\ M0Z0X]KhP`Y[UbZ
T�ZaU"K$U"ZVj]��f$U"cdU"KhfhUbKhR"U"�+vwzxOQKhU"X�Z�cdT�z�X�Z �
O ��X.M0OQT�K�U"KhX��hzQUbPBT�KhU^M0T 
ez|M0UbZNZ`U"PVT�KeX�KhRbU"P�T�YafhO�# UbZVU"K�MyKeX]M0i$Z0X�zxOxM0OxU"Pbv�X�PNPVkhT6laK OQK
M0khU�P`MVihf$��T�Y ��fhUbcoUbKhfhU"K$R"U)f$OQPVRbihPVP`U"f X]�oT6��U]� 
LK MVkhU�R�X�P`U:T]Y}X�_~KhT6laK�chZ`Tsf$ihR+�
M0OQT�K5\:U"RnkhX�KhOQP`\�vsM0khU3P0X]\^U��~ieX�zxOxML� ���q� R�X�K5�oU3fhT�KhUqlaOxM0k5X��dT�i$M�. � � X�Pa\BihRnk
coT�zQX�ZVO��"UbfrfeX]MnX:X�P}laO|M0k5ihKhcdT�z�X�Z`O �bU"frfeX]M0X$�
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.�OQj�i$ZVU ��� � � � .�OxMVP�MVT�X � �<X�R"RbU"c$M0X�KhRbU�feX]MnX�PVU+MEPVkhT6laOxKhj
M0k$U{Y[T�ihZ�T�YeMVkhU-P`O �NceX�ZtM0O�X]z
l}X���UbPNY[Z`T�\ M0X��hzQU ��� � � � ��khU:U"ZVZ`T�Zq�eX�Z`PmX�ZVOxPVU�chihZ`U"z|��Y[ZVT�\ M0k$U:PtMnX]MVOQPtM0OQRbPqT�Y�M0khU
feX]MnX�PVU+MalakhOQRnk5OQPaX��dT�i$M � � T�Y�T�KhUq��U"X�Z 
 PHZ`ihKhKhOxKhjh�

��T)feX.M0U�v OxKhfhU"cdU"K$fhU"K�M�
$M0P�keX���UB�dU"UbK�R�X]ZVZVOxU"f�T�i$M�ihPVOxKhj^MLl{T)f$O�#oU"ZVUbK�M
RbTsfhUbP"�
�qK$U"P�ihPVOxKhj�M0khU3ZVU+#eU"R+M0O|�sO|ML�rZVUbchZVUbPVUbK~M0X]M0OxT�Kwv X�K$f5MVkhU3T�M0khUbZaihPVOxKhj:X�\:T�\:U"K�M0P�
$M��
�-T�M0k�ZVU+M0ihZ`K�M0k$U^PVX�\^U�Z`U"PVi$zxM0Pbv�X�K$f�keX���U^chZVT6�WOQf$U"f�Xr��UbZ`� j�TWTsf�RbZVT�P`PyRnkhUbRn_�T�Y
T�ihZ
i$KhfhU"Z`P`M0X�KhfhOxKhjrT�Y�MVkhUychZ`TsRbU"fhi$ZVU�� 
LK�YgX�RbM"voMVkhUyfhU+��UbzQT�ch\:U"K�MqT]Y�MLl-TrchX�Z0X�zxzQUbz
��U"Z`PVOxT�KhPBT�Y{M0khU ���q� R"TWfhU�v�X�Khf�RbZVT�P`PyRnkhUbRn_~OQKhj�Z`U"P`ihzxMVPBX�j�X]OQKhPtMNU"X�Rnk�T�MVkhU"ZmlaOQzxz
�oUmX�K5OQ\:coT�Z`MnX]K~M}keX�KhfhzxU3T�K�P`�WP`MVU"\^X]M0OxRmUbZVZ`T�ZVPaOQKrMVkhU �^�����
	uU��$cdU"Z`OQ\:U"K�M��%��khU
ZVU"P`ihzxMVP�OQK .�OQj�ihZVU ��� � �mX�Z`U}Y[ZVT�\ M0khUazQX]MVMVU"Z 
hM�ihP`OQKhjqMVkhUaP0X�\:U}Y[T�ZV\^X�zxOQPV\ X�PEOxK�M0khU
l-UbOQj�k�M0OxKhjqY[ihKhR+M0OQT�Kw�-� ��khU"P`U�
hMVP�fhT3KhT�M�ihP`U�OxKhchi$M�\^TWfhO�
hU"f����BM0k$UHX]R"R"Ubc$MnX]KhR"U�T�Z
ZVU"P`T�zQisM0OQT�K��+� " keX]M�OQPET�Y ceX�ZtM0OQRbihz�X]Z�OQK�M0UbZVUbP`M�OQPEM0k$U�P`U"KhP`OxMVOx�WOxML��zxOQ\:OxM�OQK�M0k$U"PVUHfeX]M0X$�
��khU<MLl-T�U��WM0ZVUb\^Ubzx� l-U"X�_�l-X���UbP�� X]MNl-UbzQz-zxU"P`PyM0keX]K � � T�Y�M0khU^M0T�M0X�z{OxK�M0U"K$PVOxML� �
X�ZVU 
`ihPtMaX]M}MVkhUqzQOx\^O|M�T�Y��oUbOQKhjBZ`U"P`T�zx��U"f5OQK)MVkhOQP}fhX]MnXBP`UbM��%��khOxP}OQP-PVU"UbK�OxK)M0k$U ��� �
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l}X���UHOQK .�Oxj�ihZ`U ��� � �h�$��k$UHfeX.MnXqPVU+M{i$PVU"f:OQK�MVkhU"P`U 
$M0P�ZVUbchZVUbPVU"K�MVP}X��dT�i$M � ��T�YdM0khU
ZVU"RbT�KhPtM0ZVi$RbM0Ubf�P`M0X]M0OxP`M0OxR"P}Y[Z`T�\IT�KhU3��U"X�Z�T�Y�Z`ihKhKhOxKhj^X]M ����� � � ��� ��khUmP`M0X]M0OxP`MVOQR"PaT�Y
M0khUaU��scdU"Z`OQ\:U"K�MElaOQzxzsRbzQU�X]ZVzx�N�dU�z�X�Z`j�U}U"K$T�ihj�k�M0TqZ`U"P`T�zx��U�P`ihRnk:PV\^X�zQzWPVOxj�KeX�zxP"�$��k$Ub�
laOQzQz�X�zxPVT)�dUBzQX�ZVj�UmU"K$T�ihj�k�MVTrchZVT6�WOQfhUNP`M0X]M0OxP`M0OxR�X�zxzx�r\:U�X]KhOQKhj]Y[ihz�PVX�\:chzQUmT�K�\BihRnk
Z0X�Z`U"Z 
eKhX�z-PtMnX]MVU"P"��� ��khU 1 � \:TWfhU)RnkhT�PVU"K Y[T�ZmM0khOxPBP`MVihf$��OQPyT�KhU<T�Y�MVkhU<z�X]ZVj�UbP`M
R"T�K�M0Z`OQ�hisM0T�Z`PaMVT�M0khUqM0T]MnX�z ���5M0T�M0X�zwRbZVT�P`P�P`U"R+M0OQT�Kw� �

.�Oxj�ihZ`U ��� �/.q�dU"zxT6l PVkhT6laP�M0khU�ZVUbPVihz|M0P�T�Y XmfhT�ih�hzQU&�L�hzxOQKhf ��T�K~MVU �}X]ZVzQT3U��$UbZVRbOQPVU
M0keX]M5l-X�P�cdU"ZtY[T�ZV\:U"f M0T�X�PVP`U"P`P�M0khU�X��hOxzQO|ML� M0T U��WMVZ0X�R+M�X�K PV\^X�zQz
U��sT�M0OxR�P`OQj�KhX�z
Y[ZVT�\ \:O � T]Y
�]X�ZVOxT�ihP�KhT�KW�LU��sT�MVOQR�l}X���U"P"�  scdU"RbO�
eR"X�zQz|� Ub��U"K�M0P<RbT�ZVZ`U"P`coT�K$fhOQKhj M0T
� � � � � � � � � � l{U"Z`UBj�U"K$U"Z0X.M0U"f�X�PVP`ih\^OxKhj^X^\:O ��T�Y�PVUb��U"K�l-X���U"PqOxKhR"zxihfhOxKhj�M0khU
���+v � � v � � X�Khf�M0k$U � ��� � � � � ���+����khU<z�X.MVM0UbZml-X�P�X��dT�i$M �s�/. � T�Y�M0khU^M0T�M0X�z
P0X�\:chzQU]����khU)j�U"KhUbZ0X]MVU"f�Y[T�i$Zt����U"R+M0T�Z`Pyl-UbZVUrP`\^U"X�ZVUbf X�Khf�MVkhU)PVX�\^c$zQU^l-X�PyMVkhU"K
chi$M�MVkhZVT�i$j�k�M0khU�X]R"R"Ubc$MnX]KhR"U�Z`U �~ihOQZ`U"\:U"K�M0Pb�&��khU�X�R"RbU"c$M0X�KhRbU�X�PVP`ih\^csM0OQT�KhP
l{U"ZVU
OQKhRbzQihfhUbf�OQK�M0k$U � "'� 
hMVMVU"Z"� ��khU�P`M0X]M0OxP`M0OxR"PqP`khT6laK�RbT�ZVZ`U"PVcdT�Khf�MVT5P`Ub��U"Z0X]zEfeX��sP
T�Y�Z`ihKhKhOxKhjh�

.�OQj�i$ZVU ��� � . � ��khU�Z`U"PVi$zxM0PqT]Y-X<f$T�ih�hzxU+�L�$zQOQK$f ��T�K�MVU �}X�ZVzxTrU��sU"Z`R"OQP`U�PVkhT6laOxKhjrM0khU
� ��� � � � � U��sT�M0OxRNl-X���U�X]YpMVU"Z 
$MVM0OxKhj �[T�coUbK�R"OxZVRbzQU"P �HX�K$f�M0khUyU��sT�M0OxRNl-X���U�OQK$chi$M
�gR"i$Z`��U"��OxK�M0T�M0khU�\:O ��T�Y�� � � � � � � � � � Ub��U"K�M0P:M0keX.M�l-UbZVU5j�U"KhUbZ0X]MVU"f OQK M0k$OQP
P`M0i$f$��� ��UbM0X�OQzxP�X�ZVUqj�Ox��UbK�OxKrM0khUqM0U��WM��

��khU)PVU"RbT�Khf 
hM`M0OQK$j�chZVTWR"UbfhihZ`UrOQPyf$T�KhU<OxK�M0khU)ZVUb#hU"RbMVOx�WOxML���eX�P`OQPb� 
LK�M0khUrZ`U+�
#eU"R+M0Ox�WO|ML���eX�P`OQP"v MVkhU�M0T�M0X�zEX�\:chzQO|M0ihf$UNY[T�ZqP`T�\^U 
hKeX�zEP`M0X]M0U�R"X�K��oU�laZVO|MVMVU"K X�P3OQK
U �~ieX]MVOQT�K ��� � �h� ��khUNPVih�$PVR"Z`OQc$M�� ZVU+Y[U"Z`P�MVT<X�j�Ox��U"K�chX�Z`MVO�X�z l-X���U]v4� � ��� � 	 �&� ��khU
OQKhfhOxR"UbP�����X�Khf����HZVUbY[UbZ�M0THM0khU}Z`Ub#eUbRbMVOx�WOxMVOQU"P�T�YeM0khU-P`MnX.M0U � X�K$fyM0khU �:Z`U"PVcdU"R+M0O|��U"z|���
��khU<OQK$fhOQRbU"P
	 X�Khf�	
�EZ`UbY[UbZNM0T�M0khU<OxKhOxMVO�X�z�X�Khf 
eKhX�z{PtMnX]MVU<K~ihR"zxU"T�K P`chOQK 	WP`M0X]M0UbP"�
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��X�Z`OxML�rZ`U"fhihRbU"PaM0khUqMVT�MnX�z KWi$\B�oUbZaT�Y�k$U"zQOxR"O|ML�rX�\:chzQO|M0ihf$U"P}����X�YgX�RbMVT�Z�T�Y�MLl-T^X�Khf
R"T�KhK$U"RbMVP}M0khUHZVU+#eU"R+M0Ox�WO|ML�)T�Y M0khU��dU�X]\ X]Khf<U��sRnkeX]Khj�UqceX�ZtM0OxR"zQUbP�MVTNMVkhU�ZVU+#eU"R+M0O|�sO|ML�
T�Y�MVkhU3chZVTWfhihRbU"f�P`MnX.M0U � ��� � � � � � �-�+�
�HfhfhOxMVOQT�KhX�zQz|��v OQK�MVkhU�R�X�P`U�T�Y � � � T�Khz|��MVkhU�K~ihR"zxU"T�K�khUbzQOQRbOxML� 	~#eOxc�X�\:chzxOxM0i$fhU

R"T�K�M0Z`OQ�hisM0U"PHX�KhfrMVkhU 	�X�Khf 	
�dOxKhfhOQRbU"PaX�Z`U3PVihchc$ZVU"P`PVUbf�X�PaOQK ��� � �h�� 	���� 	
�� � � 	���� 	
�� � �	� � ��

� 	���� 	
�� � ��� � ���
��khU�PVUbM3T]Y{RbT�\:chzQU���ceX]Z0X�\:UbMVU"ZVPbv � 
 P"vSX�Z`U�_~KhT6laK�X�PHM0khU�chZ`Tsf$ihRbMVOQT�K�PtM0ZVUbKhj�MVkhP"���khU"P`UHX]ZVU-i$PVieX�zxzx�mfhU+M0U"Z`\^OxKhU"fy�~� 
hM`M0OQK$j
M0T
MVkhU-fhX]MnX$� ��khU � 
 PEX]ZVU}fhUbR�X���X]Khj�ihzQX�ZfhOQPtM0ZVOx�hi$MVOQT�KhPqlakhOxRnk X�Z`U^Y[ihKhR+M0OxT�KhPmT�Y}M0k$U<X�Khj�zQU"PmOQK M0khU:�]X�ZVOxT�ihPqY[Z0X�\:U"PNX�Pml-UbzQz
X�PyZ`U"PVT�KeX�KhRbU)ceX�ZVX�\:UbM0UbZVPmT�Y�X]K~� feX]ihj�k�M0UbZNZ`U"PVT�KeX�KhRbU"PBOxK~MVT5lak$OQRnk�MVkhU^PtMnX]MVU �
fhU"R"X6�WPb�,��khU{X�\^c$zQOxMVihfhU]v � v Y[T�ZwM0khU�fhUbR�X��3T�Y$X�chX�Z`MVOQR"zxU�laOxMVk3PVchOxK �^X�Khf�� � & � � �
OQK�M0TyMLl{T�ceX�ZtM0OxR"zQUbP�laO|M0k<k$U"zQOxR"O|M0OQUbP 	���X]Khf 	 � � 	 � 	 � � 	 � ��OQK^M0khUHZVU"P`T�KeX�K$R"UqZVUbP`MY[Z0X�\:UqOQP�j�O|��UbK���� ( ��� ��* �

� ��� 	� 	 �&! � 	� 	 � ��� � ��� � � � ���� ����� � �� � � � � � � � � � ��� �/. �
�}X�zQRbihz�X]MVOQT�K:T�YwMVkhU
f$U"R�X��)X�\:chzQO|M0ihfhUbPEY[T�Z-XNZVU"P`T�KeX�K$R"U�OxP{fhT�KhU
Z`U"R"i$ZVPVO|��Ubzx��laOxMVkhOQK
M0khU<OxPVT��hX�Zy\:Tsf$U"z v�ZVUbj�X�ZVf$OQKhj5M0khU � 	W�dTsf$� 
eKhX�z-PtMnX]MVUrX�PBX�ZVU"P`ihzxMBT�Y�X�PVUbZVOxU"PBT�Y
PVU �~ihUbK�M0O�X]z v j�U"KhUbZ0X�zxzx� � 	W�dTWf$��vdfhU"R"X��sP�MVkhZVT�ihj�k�OxK�M0U"Z`\^UbfhO�X.M0UmOQPVT��eX�Z�P`MnX.M0U"Pb� ��khU
M0T�M0X�zHf$U"R�X�� X�\^c$zQOxMVihfhU5OQP:M0khU�X]\^chzxOxMVihfhUrY[T�Z^MVkhU�Z`U"PVT�KeX�KhRbU�M0T�fhUbR�X�� OxK�M0T�O|M0P
OQK�M0UbZV\:U"fhOQX]M0UafeX�i$j�k�M0U"Z`P�MVOQ\:U"PEM0k$U
X�\:chzxOxM0i$fhU}Y[T�Z�U�X�Rnk)T�YwO|M0P�feX�ihj�k~MVU"Z`P{M0TmfhUbR�X����
��khOxPqM0T�M0X�z�X�\^c$zQOxMVihfhU]v�� R�X]K�M0k$U"K��dU�ihPVUbf�M0T�chZVUbfhOQR+MmMVkhU:OQK�M0UbKhPVO|ML��fhOQPtM0ZVO��

�hi$M0OxT�KhP3T�Y�M0khU%
eKhX�z�P`M0X]M0U�ceX]Z`M0OxR"zxU"P"� .eT�Z�X�chX�Z`MVOQR"i$z�X�Z�cdT�OxK~M3OxK�chkeX�P`U^P`ceX�RbU�v��wv
M0khUNOQK�M0UbKhPVO|ML��OQPaj�Ox��U"K�X�PHOxK�U �~ieX]M0OxT�K ��� � 	$��.�OxKeX�zxzx��vsY[T�Z�X�\^c$zQOxMVihfhUbP}M0keX]MHfhT:KhT�M
OQK�M0UbZ`Y[U"Z`U�v��[fhU"K$T�M0Ubf �~� �$�<(�� ���5Y[Z`T�\ chZVTWfhihR+M0OxT�K��WO�X5fhO�#oU"Z`U"K�MNOQKhO|M0O�X]zEX�Khf 
hKeX�z
PVchOxK�RbT�K�
ej�i$Z0X]MVOQT�KhPbveX�PVih\�T6��U"ZaM0khUbPVU

� � ��� � !#" ��Z0X�RbU%$&'(!	 � � 	
�� $&'*)+,! � � � 	 � � � 	 � �� � -. /
��	 �	� 	 � � )+,! � � 	 � � 	 �� -. 0213 0213 � ��� � 	6�

j�Ox��U"P�M0khU3OxK~MVU"KhP`OxML���
��khU�fhX]MnXqX�Z`U��hOQK$KhU"f�OQKy\)X�P`PET�Y � X�Khf�M0k$U�\^T�\:U"K�MVih\ MVZ0X�K$P`Y[U"Z0��X�K$f^X�
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U�#oU"RbMVP3X�ZVUyPV\^X�zQz v X�Khf�fhT<K$T�MqkhOxKhfhU"Z�M0khUyU��WM0ZVX�RbMVOQT�K�T]YEM0khUBchX�Z`MVO�X�z l-X6��U"Pb� 
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��khU"P`U 
hM0PNR"T�\:ceX�Z`U�j�U"KhUbZ0X]MVU"f�fhX]MnX �gPVT�zQOQf PVkhX�coUbP �qM0T5feX]MnX�M0keX.MykeX]PN�dU"UbK�ZVihK
M0khZ`T�ihj�k�MVkhU'�^��� �
	 ��T�K�M0U'�}X�ZVzxThv �gT�cdU"K 
hj�ihZVUbP �&� ��khUrzxUbYpM�
ej�ihZ`U<R"T�\:ceX�Z`U"P
M0khU 
hMVP�M0TBM0k$UqOQK�M0UbKhPVO|M0OQUbP}T�YSY[T�ihZ}l-X���UbP"velakhOQzxU
M0k$UqZVOQj�k~M 
ej�ihZ`UqPVkhT6laP�M0khUqc$keX�PVU
fhO�#oU"Z`U"KhRbU"P��oU+MLl-UbU"K�MVkhU3zQOQPtM0Ubf<l}X���UbP�X�K$f5MVkhU � � � l}X���U]�

X�zQP`T<coT�PVPVOx�hzQUmM0T<U��WM0Z0X]RbMqM0k$UyMLl-TrZVX]M0k$U"Z�P`\)X�zxz l}X���UbPqM0keX]MqX�ZVUNOQK�MVkhUBj�UbKhU"ZVX]M0Ubf
feX]MnX�P`UbM��%��khUbPVUmR"T�Z`ZVUbPVcdT�KhfrM0T:X�PVUbR"T�Khf5fhUbR�X��<Y[T�Z}U"X�Rnk5T�Y � � ��X�Khf � � ��l}X���U"P"���khUN\^X�OxKrfhU"R"X6�WP�chZVTWR"UbU"f5laOxM0k�T�Z`�hOxM0X�zwX]Khj�ihzQX�Z�\^T�\^UbK~MVih\u�dUbMLl{U"UbK�MVkhU � X�KhfM0khU �Ev����	�5T�Y � v �  ~� l}X���U"�+vEX]Khf � v � ����l-X���U"�NZVUbPVcdU"RbMVOx��U"zx��� 
LK�X�fhf$OxM0OxT�KwvSfhUbR�X��WP
R"T�ihzxf TWR"R"i$Z^�WO�X � � �sv0� �H� l}X���U!�^X]Khf � � 1$v&� .���l-X���U"�+vaZVUbPVcdU"RbMVOx��U"zx��� ��khU
ZVU"zQX]M0O|��UrZVX]M0UbP^�dUbMLl{U"UbK�M0k$U5MLl{T�f$U"R�X��WP)T]Y�X�j�O|��U"K ZVUbPVT�KhX�KhR"U5OQP:X�K Ox\^cdT�Z`M0X�K�M
�WihX�K�M0OxML��lakhOQRnk R"X�K �oU�RbT�\:ceX�ZVUbf M0T P`Ub��UbZ0X�z
\^TWfhU"zxP"� 
�M0P)U��WM0ZVX�RbMVOQT�K laOxzQz��oU
X�K�OQ\:cdT�Z`M0X�K�M �^�����
	 \^U"X�PVihZ`U"\:U"K�M�� .�OQj�i$ZVU"P ��� � 3�X�K$f ��� � ��PVk$T l�MVkhU 
hMVPyM0T
M0khUbPVU�MLl-T l}X���UbP"� 
LK�U"X�Rnk R"X�PVU]v{M0k$U5zxUbYpM�chzxT�M�OxP�MVkhU�OQK�M0UbKhPVO|ML� T�Y�M0khU�cdT�PVO|M0O|��U
ZVUb#hU"RbMVOx�WOxML��l-X���U]v�lakhOxzQUyMVkhU^Z`OQj�k�M3keX]Khf 
hj�ihZVU�OxP�M0khU�chkeX]PVU:fhO�#oU"Z`U"KhRbU:�dUbMLl{U"UbK
M0khU
MLl{T�fhUbR�X��WP�T�YSXyj�O|��UbK<ZVUbPVT�KeX]KhR"U]� 
LK)MVkhUqX��$PVU"K$R"U�T�Y 
hKeX�zdP`MnX.M0U�OxK~MVU"ZVX�RbMVOQT�KhPbv
M0khU�chkhX�PVU�fhO�# UbZVU"K$R"U�PVk$T�ihzQf��dUBU"O|M0khUbZ � � T�Z � � � � vwlakhOxRnk��oT�MVk 
hM0PqP`khT6l OxK�M0khU
ZVU"j�OQT�KrlakhUbZVU3M0khU3OQK�MVU"KhP`OxML�rOxP�KhT�K 	��bU"Z`Th�
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ej�ihZ`U<T�K�M0k$U<zQU+YpMyP`khT6laPBM0khU<OxK�M0U"K$PVOxML� Y[T�ZmM0khU<cdT�P`OxM0O|��U^ZVUb#hU"RbMVOx�WOxML��� ��khU<Z`OQj�k�M
keX�Khf 
ej�ihZVUHPVkhT6laP}M0k$U�chkeX�P`U�fhO�# UbZVU"K$R"U
�dUbMLl{U"UbK5MVkhU�� X�Khf . 	~l-X6��U�fhUbR�X��WP"� ��khU
T�coUbKy\^X�ZV_]U"Z`P�RbT�ZVZ`U"PVcdT�KhfmM0T�feX]M0XaMVkeX]M�keX�P��oUbU"KNZVihK3M0khZ`T�ihj�kmM0khU-�^�����
	 ��T�K�M0U
�}X�ZVzxThv$lakhOxzQU�M0k$UmP`T�zQOxfr\)X]ZV_�UbZVP�X�Z`U3MVkhU3j�U"K$U"Z0X.M0U"f5Ub��U"K�M0Pb�
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U"Z0X.M0U"frfhX]MnXyP`UbM"veX�Khf<Z`U"cdU�X]MVOQKhjmM0khU 
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l-X6��U"PaOQK:M0khUb\��4��k$U"PVU�l-X���UbP
R"T�Z`ZVU"P`coT�Khf5MVT � ���4� � 	 ��T�Y�1 � � � � � �+v�1 � � � � � �+v � � � � � � �+v � � � � � � �+v � � � � � � �-X�Khf� � � � � � �+� .�OQj�i$ZVU ��� � �HPVk$T laP�M0khU}Z`U"P`ihzxMVP�Y[T�Z�MLl-T�T]YeM0khUbPVU��$��khU}\^X�OQKmcoT�OQK�M�OxP�MVkeX]MM0khUbZVU�OQPE�WOQZ`MVieX�zxzx�BK$TNOxK~MVU"KhP`OxML��OxK)X]K~��T]Y M0k$U"PVUal-X6��U"PbveX�Khf:R"UbZ`MnX]OQKhz|��KhTmP`M0Z`ihRbMVihZVU
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.�OQj�i$ZVU ��� � � � .�OxM0P�M0T3MLl{TBceX�ZtM0O�X]zhl}X���UbP-lakhOxRnkrX�ZVU�KhT�M{OQK�M0k$UHj�UbKhU"ZVX]M0Ubf<PVU+M��4��khU

ej�ihZ`UrT�K�M0k$UrzQUbYpMyOQPyX � ���4� � 	 � � 1 � � � � � �ml-X���U�v�lakhOxzQU^MVkeX]M�T�K�M0khUrZ`OQj�k�MyOQP
X	� ���,� � 	 �G� � � � � � � �ql-X���U�����khUbZVU)OxPm�WOxZ`M0ihX�zQz|��KhT�zQU�X]_]X]j�U�OQK�M0T5M0khUbPVU^l-X���UbP
Y[ZVT�\ Z`U"PVT�zQi$MVOQT�KmU�#oU"R+M0P�OxKmMVkhU{f$UbM0UbRbMVT�Z�P`OQ\BihzQX]M0OxT�Kw� ��khU�T�cdU"Ky\^X�Z`_�U"Z`P�RbT�ZVZ`U"P`coT�K$f
M0TrfeX]M0X)M0keX.MqkeX�P��dU"UbK�ZVihK�MVkhZVT�i$j�k�M0khU1�^�����
	 �5T�K�M0U �}X�Z`zQThvdlakhOQzxUNM0k$U�PVT�zxOQf
\)X�Z`_�UbZVP�X�ZVUqMVkhU3j�U"KhUbZ0X]MVU"f5Ub��U"K�M0Pb�
��RbT�\^chX�ZVOxPVT�K�R"X�K X�zQP`T��oU�\^X�fhU<�dUbMLl{U"UbK X�K ihK$coT�zQX�ZVO��"Ubf�feX]M0X�P`UbM^X�Khf X

���	� � coT�z�X�Z`O �"Ubf<feX]M0X�PVUbM"���-U"R"X�ihPVUqMVkhUqcoT�PVOxMVOx��UqX�KhfrKhUbj�X]MVOx��UqZ`Ub#eUbRbMVOx�WOxML�)fhOQPtM0ZVO��
�hi$M0OxT�KhPafhT^fhO�#oU"Z�OxK5MVkhU"OxZ�R"T�P ������fhOQPtM0ZVOx�hi$MVOQT�KhPbvhOxMaOxPacoT�P`PVOx�hzQUqM0T:PVUbceX�ZVX]M0U3M0khUb\
laOxM0k�ihK$coT�zQX�ZVO��"Ubf�feX]M0X$� ��khU�P`U"ceX�ZVX]M0OxT�K�OQP 
`ihP`M3KhT]MmX�PqR"zxU�X�K�X�PqO|MqOQPHY[T�Z�cdT�z�X�Z �
O �"Ubf�fhX]MnX�X�Khf OQK MVkhU�X]�hPVUbKhR"U5T�YHOQK$Y[T�Z`\)X.M0OQT�K�T�K M0khU�chZ`Tsfhi$RbM0OxT�K \^UbRnkeX�KhOxPV\5v
M0khOxP�P`U"ceX]Z0X]MVOQT�K:�oUbR"T�\:U"P�\:T�ZVU�fhO�!:R"ihz|M�v~U"P`coUbR"O�X]zQzx�yOxYo\Bihz|M0OQc$zQU}chZ`Tsf$ihRbMVOQT�K�\:U"Rnks�
X�KhOQP`\^P-X�ZVUHchZVUbPVUbK~M"� ��k$U��oUbP`M}l-X��^MVTy�WOQU+l MVkhU"P`UqZVUbPVihz|M0P-OxP{MVTBzQTWT�_�X]M{M0khU�UbZVZ`T�ZVP
OQK�M0khU�l-X���U)OxK�M0U"K$PVOxMVOQUbP�Y[T�Zq�oT]M0k�M0khU�cdT�z�X]ZVO �bU"f�X�K$f�MVkhU�ihKhcdT�z�X]ZVO �bU"f�feX]M0XrPVUbMVP"�
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.�OQj�i$ZVU ��� � ��� � ��k$U<U"Z`ZVT�Z`PyOQK M0khU 
hMNZVU"P`ihzxMVPNY[T�Z3MLl{T�T�Y}MVkhU)ceX]Z`M0OQX�zEl}X���U"PBY[ZVT�\
M0khU 
$M�� ��khU�cdT�zQX�ZVO��"U"f�X�Khf�i$KhcoT�z�X�Z`O �"Ubf�feX.MnX)P`UbM0P3X]ZVUNMVkhUBPVX�\^UyPVO �bU�v X�Khf��dT�M0k
PVUbMVP�X�ZVU^Y[T�Zyj�UbKhU"ZVX]M0Ubf feX]M0X$v��gK$T�X�R"RbU"c$M0X�KhR"UrRbT�ZVZ`U"R+M0OQT�KhP �&�'��khUrU"Z`ZVT�Z`PyY[T�ZmM0khU
ihKhcdT�z�X�Z`O �bU"f:feX]MnXmX�Z`U�T�K<X���UbZ0X�j�UHX��dT�i$M{XmYgX]RbM0T�Z�T]Y M0k$U � �3zQX�ZVj�UbZ�M0keX]K^M0k$T�PVUaY[T�Z
M0khU ���	� �@cdT�z�X�Z`O �bU"f�R�X�P`U��

.�OxKeX�zxzx�:l-UmkeX���UNU��$X�\:OQKhUbf5MVkhUNR"X�PVUNT�Y�P`OQ\Bi$zxMnX]KhU"T�i$P�c$ZVTWfhihRbMVOQT�K��WO�X�ihKhKeX.M`�
ihZ0X�z � � �}X�Khf�KeX.M0ihZVX�z%�n(�� ��� � �}U��sRnkeX�Khj�U�� ��khU3coT�OxK�MaOQP-MVT:OxzQzxihP`MVZ0X]MVU
M0khUqK$U"U"f5Y[T�ZzQOQK$U�X�Z�coT�z�X�Z`O ��X.M0OQT�Kw���
P-f$OQPVRbihPVP`U"f�U�X]ZVzQOxU"Z{X]M�M0khUHKWi$R"zQUbT�K<��UbZ`MVU�� ����� #eOQc$P-khUbzQOQR&�
OxML�5X�Khf5OQPachZ`T�cdT�Z`MVOQT�KeX]z M0T�� � � � � � � �}MHMVkhUm\^UbPVT�K5chZVTWfhihR+M0OxT�K5��U"ZtM0U���M0k$Umk$U"zQOxR"O|ML�P`M0Z`ihRbMVihZVU�OQP�j�O|��UbK^����� � � � ��� Y[T�ZEi$KhKeX]MVihZ0X�z v~X�Khf:��� � �� � � ��� Y[T�ZEKeX]MVihZ0X]zhZVUbPVT�KeX]KhR"UbPZVU"P`coUbRbMVOx��Ubzx��� .eT�Z�M0khUNPVchOxK 	 � � U��sRnkeX�Khj�U�v MVkhUyK~ih\B�dU"Z�T�YEf$O�#oU"ZVUbK�M�khUbzQOQRbOxML��RbT�is�chzQOxKhj�P�OxP �~ihOxMVU�z�X�Z`j�U�vwk$T l{Ub��U"Zbv�O|Y�MVkhU�K~ihR"zxU"T�K�khUbzQOxR"OxML�5OxP�#eOQchcdU"f�MVkhU"K R"T�ihchzQOxKhj
OQP�chZ`T�cdT�Z`MVOQT�KeX]zSMVT � �� � � � � X�Khf�OxYEMVkhU�khUbzQOQRbOxML��OxK�M0khUBc$khT�M0T�K 	WZVUbPVT�KhX�KhR"UB��U"ZtM0U���OQPR"T�KhP`U"Zt��U"f v-KeX]MVihZ0X]z{U��$RnkhX�Khj�U�zQU"X�fhPyMVT�M0k$U�� � � � � � X�K$f � �� � � � � fhUbcoUbKhfhUbKhR"OxU"P�Y[T�Z
M0khUmKeX]MVihZ0X�zSX]Khf�i$KhKeX]MVihZ0X�z U��sRnkeX�Khj�UbP�ZVUbPVcdU"R+M0Ox��U"z|��v * �g(��{T�chcdT�P`OxM0UqMVT�MVkhUmR�X�P`UNT�Y
ihKhKeX]MVihZ0X]z U��sRnkeX�Khj�U��


LK�X�K�X]fhfhOxMVOQT�KhX�zSP`M0i$f$��X � U��sRnkeX]Khj�U�OQK�M0UbKhPVO|ML��MVkeX]M�OxPqX��dT�i$M . � �IT�Y�M0khU �
U��sRnkeX�Khj�U�keX�P��dU"UbK X�f$fhU"f M0T X�zxz}PVO � ceX�ZtM0O�X]z{l-X6��U"P^j�Ox��U"K OQK#��X��hzQU ��� � � ihP`OQKhj



�������W�����d��
�	
�L�
� �B� ��� ������� � ��� � �S	 � � � �4343

��T�K�M0U �}X�ZVzxT�j�UbKhU"ZVX]M0Ubf laO|M0k � �	� �<v
. � �<v ��.
� X�Khf � � zQOxKhU�X�Z�cdT�z�X]ZVO �"X]M0OxT�Kw�
��khU"P`U3MLl{T�U��sRnkeX]Khj�U"P�X�Z`U
OxKhR"T�k$U"ZVUbK�M�vhP`TBM0khU�
$M-M0TBMVkhU�OxK~MVU"KhP`OxML�^OQP-X�RbMVieX�zQz|�:X�
hM
M0TqM0khU�P`ih\ T�Y MVkhU}MLl-TmU��sRnkeX]Khj�Ua\^UbRnkeX�KhOxPV\:P"�,�HPEPVUbU"K:OQK .�Oxj�ihZVU ��� � ��� v�MVkhOQP�P`ih\
OQPal-UbzQz 
hMHOQKhfhUbcoUbKhfhUbK~M
T�Y�MVkhUNf$U"j�Z`U"UyT]Y�zQOxKhU�X]Z�cdT�zQX�ZVO���X]MVOQT�Kw� ��KhU3l}X���OQK�lakhOQRnk
M0khUqMLl{T)R�X]K5�dU3PVUbceX�Z0X.M0U"f�OQP}MVT 
$M�MVkhU3fhO�#oU"Z`U"KhRbU3T�Y�MVkhUqMLl-T:U��sRnkeX]Khj�U"P �gfeX]PVkhUbf
R"ihZt��U"P3OxK .�Oxj�ihZVU ��� � ��� �&� .�U"ZVUyOxMHOQP
P`U"UbK�M0keX]MHM0khUyfhU"j�Z`U"UBT]Y�zQOQK$U�X�Z�coT�z�X�Z`O ��X.M0OQT�K
chz�X�RbU�X R"Z`ihR"OQX�zaZVT�zxU�OxK X 
hM^MVT�MVkhOQP:fhO�#oU"Z`U"KhRbU�� " OxMVk ��� � � coT�z�X�Z`O ��X.M0OQT�K�M0khU
fhO�#oU"Z`U"KhRbU�OQP�l{U"zxz�
hM"v-lakhOxzQUrY[T�Z � � cdT�z�X�Z`O �"X]M0OxT�K�M0khU5fhO�# UbZVU"K$R"U�OxP:X�\B�hOxj�ihT�ihPb�
�
K���MLl-T5�]X�zQihUbPqlaOxM0k�MVkhU�R"T�Z`ZVU"R+MyP`ih\ laOQzxz�l{T�ZV_ �) sOQ\:OQzQX�ZHMVTrM0khOxP3l{T�ihzxf��dU�M0T
U��$X�\:OQKhU�M0khU �
���yX�K$f ��fhUbcoUbKhfhUbKhR"UqT�Y�Xmj�Ox��U"K<chX�Z`MVO�X�zel-X6��U3X�P-OxK .�Oxj�ihZ`U ��� � 1$�
��TBP`MVihf$�^T�K)MVkhU
U # UbRbM�T�YSzxOQKhU"X�Z�coT�z�X�Z`O ��X.M0OQT�K:OxK)fhU+M0UbZV\:OQKhOxKhjNMVkhU
chZ`Tsf$ihRbMVOQT�K

\^UbRnkeX�KhOxPV\5v{feX.MnX�keX���U5�oUbU"K PVUbzQU"R+M0Ubf KhU"X�Z�� � � � X�Khf KhU"X�Z�� � � � � OxK M0khU�3T�M`MVY[Z`OQU"fW�1I�X�Rn_~PVT�K Y[Z0X�\:U�T�YqMVkhU�Z`U"PVT�KeX�KhRbU�� ��khU"P`U�MLl{T P`M0X]M0UbPrR"T�Z`ZVUbPVcdT�Khf M0T
U"OQj�U"KhPtMnX]MVU"P�T�Y�Z`Ub#eUbRbM0O|�WOxML��� 
LK5MVkhUNR"X�PVUNT�Y�P`OQKhj�zQUqchOxT�K�U��sRnkeX�Khj�U�v4�pM0khUmKeX]MVihZ0X]zQOxML�
T�YhM0k$U �^OQP�KhU"j�X]M0O|��U!�&v.MVkhU�chZVTWfhihRbU"fBZ`Ub#eUbRbM0O|�WOxML�3P`M0X]M0U�T�YsM0khU{ZVU"P`T�KeX�K$R"U-OxPST�chcdT�PVO|M0U
M0T�M0khX]M<T�YqMVkhU�chkhT]M0T�Kw��
LK M0khU�R"X�PVU�T]Y3KeX]M0i$Z0X�zHceX�ZVO|ML� U��sRnkeX�Khj�U�v��[PVihRnk X�P �U��sRnkeX�Khj�U!�+v�M0khU�MLl{T�Z`Ub#eUbRbMVOx�WOxMVOQU"P�laOxzQz��dUBM0k$U:PVX�\:U�� ��X�ZtM0OQX�z�l-X���U<X]KeX�zx�WP`U"P3keX�P
�oUbU"K coUbZ`Y[T�Z`\^Ubf�OQKhfhUbcoUbKhfhUbK~MVzx��T�K�MVkhUBMLl{T�feX.MnX<PVU+M0Pb� .�OQj�i$ZVU ��� � � �)PVkhT6laP3M0khU
ZVU"P`ihzxMVP�Y[T�Z-M0k$U � � � l-X���U]� ��khU 
ej�ihZVUqT�KrMVkhU3zQUbYpM}PVkhT6laPaM0khUqcdT�PVO|M0O|��UqZVU+#eU"R+M0O|�sO|ML�
� � � l-X���U]v � 	 � � � � ��Khzx�
M0khU�Ub��U"K�M0P�KhU�X�Z � � � � RbT�K�M0ZVOx�hi$MVU�v]lak$OQzQU�MVkhU � � � � �j�Ox��U"P�K$U�X�Z`zx�3KhT�R"T�K�MVZVOQ�$i$M0OxT�Kw� ��khU-U��hX]RbM�T�chcoT�PVOxMVU�keX�chcdU"KhP�OQKmM0khU � 	 � � � l}X���UT�K�MVkhU^Z`OQj�k�M"�1.HX�f�MVkhU^c$ZVTWfhihRbMVOQT�K�\:U"RnkeX]KhOQP`\ �oUbU"K�T]Y�T�chcdT�PVO|M0U�KeX.M0ihZVX�zQO|ML��M0T
M0khU}c$OQT�Kwv.M0khUbPVU 
hj�ihZVUbP�l{T�ihzQfykeX���U}�dU"UbK�ZVUb��U"Z`PVU"f � 
�Y �oT�MVkB\:U"RnkeX�K$OQPV\:P�keX�f��dU"U"K
chZVUbPVU"K�M"vWMVkhU"KBMVkhU�U��$X�R+M�\^O �sMVihZVU-R"T�ihzxfBkeX���Ua�dU"UbK:Z`U�X�f�f$OQZVUbRbMVzx�NT2#)MVkhU"P`U�chzQT�MVPEX�P
zQT�Khj^X�P�M0k$UNfhUbj�ZVUbUNT]Y�zQOxKhU�X]Z�coT�zQX�ZVO���X]MVOQT�K)OQK5_WK$T laK � 
LK5MVkhUmR�X�P`UyT�Y�ihKhcdT�z�X]ZVO �bU"f
chkhT�MVT�KhP"v�KhT5PVihRnk�PVU"chX�Z0X]MVOQT�K�OxPmcdT�P`PVOQ�$zQU�� �
Y{R"T�ihZ`PVU�M0khU:ZVU"X�zEfeX]M0X<laOQzQz�OQK���T�z|��U
X5\:T�ZVU�j�U"KhUbZ0X�z/
hM3MVT�MVkhOQPbvS�hi$M3laOxMVk zxOQKhU"X�Z�cdT�z�X]ZVO �"X]M0OxT�KwvdM0khU�KeX]MVihZ0X]zQOxML��T�Y�M0khU
U��sRnkeX�Khj�U:chX�Z`MVOQR"zxUNOxP
M0Z`Ox�WO�X]zQzx�)_~KhT6laKwvwlakhOQzxUNY[T�ZHKhTrzQOxKhU�X]ZHcdT�z�X]ZVO �"X]M0OxT�KwvhMVkhU"Z`U�OQP
KhT^khX�KhfhzxUqT�K5MVkhOQPb�

*C* ,��0, � �0A � :"7 6<?'A � �<3�7 �JA": AC@ 5��83�� 7�5 ���<9 ? 
"AC: � 9;:�� D 5���A": �


LKNM0k$U-_~OQKhUb\)X.M0OQREZ`U"j�OxT�KmT�Y4�^��� �
	 O|M�OQPSchZVT��eX��hzxU�MVkeX]M��eX�Zt��T�KNZVU"P`T�KeX�K$R"U"P�laOQzQz��oU
chZVTWfhihRbU"f�OxK�X�f$fhOxMVOQT�KrM0T:M0khUm\:U"PVT�K�P`M0X]M0UbPHl{UykeX���Uy�dU"U"K�fhOQP`R"ihP`PVOQK$jh� �EZVTWR"U"P`PVUbP
PVihRnk�X�P}M0khUqMLl{T^P`khT6laK�OxK .�OQj�i$ZVU ��� � � 1ylaOxzQzoOQK�M0UbZ`Y[U"Z`U�laOxMVk5U"X�Rnk5T�M0khUbZaX�KhfrM0k$Ub�
\BihP`M��dU�MnX]_�U"K OQK�MVT X�R"RbT�ihK�M5OQK M0k$U�X�KeX�z|�sP`OQPb� 
LK j�U"K$U"Z0X]z�M0khOxP<R"T�i$zQf zQU"X�f M0T
X�\B�hOxj�ihOxMVOQUbP"v PVOxKhR"UyMVkhUy�hX�Z`��T�K�P`M0X]M0UbPqR�X�K��dUBfhUbPVRbZVOQ�dU"f�X]P�X�K�OxK�
eKhO|M0UmPVih\ T6��U"Z
\^UbPVT�KrPtMnX]MVU"P"� 
LKrchZVX�RbMVOQRbU�v$k$T l{Ub��U"ZbvhM0khU�P`ih\uT6��U"Z�\:U"PVT�K<P`M0X]M0UbP�OQP{MVZVihK$R�X]MVU"frM0T
X 
eKhO|M0U�KWi$\B�oUbZ�T�Y Z`U"P`T�KeX�KhRbU"Pbv~X�KhfylaOxzQz�KhT�M�l-UbzQzWfhU"P`R"Z`OQ�dU{M0k$U-fhOxP`M0Z`OQ�hisM0OQT�KNfhi$U-M0T
M0khU��eX�Zt��T�KBZ`U"P`T�KeX�KhRbU��4.�U"KhRbU�v�OxKNT�ZVfhUbZSMVT
j�U+M�XHj�TWTsf3fhUbPVRbZVOQcsM0OQT�KyT�YsM0khU�OQK�M0UbKhPVO|ML�
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.�OQj�i$ZVU ��� � ���	� .�O|M0PrM0T ��� � � 	 �	� �&v � � X�R"RbU"c$M0X�KhR"U�feX]M0X P`UbM0P5j�UbKhU"ZVX]M0Ubf laOxMVk X
R"T�\B�$OQKeX]MVOQT�K T�Y � X�Khf � U��$RnkhX�Khj�Ur\:U"RnkeX]KhOQP`\^Pb�/��khU)PVT�zxOQf�zxOQKhU�OxPNM0k$U)PVi$\ T�Y
M0khUmMLl-Thv lakhOxzQUqM0khUNfeX�P`khU"f�zxOQKhUqOxP�MVkhUmfhO�#oU"Z`U"KhRbU�����khUNY[T�ihZachzQT�MVPHRbT�ZVZ`U"P`coT�K$f�M0T
���	� �<v . � �<v ��.
� X�Khf � � chkhT�MVT�K�zxOQKhU"X�ZqcdT�z�X�Z`O �"X]M0OxT�Kw����khU^PVih\ T�Y{M0khU�MLl-T�OQP
l-UbzQz 
hMqY[T�ZqX�zQzS�]X�zQi$U"PqT�Y�cdT�z�X�Z`O �"X]M0OxT�Kwv lakhOQzxUNM0k$U�fhO�#oU"Z`U"KhRbU:�dU"RbT�\:U"PqihKhRbzQU"X�ZqX�P
M0khU3cdT�z�X�Z`O �"X]M0OxT�K<OQP�f$U"R"Z`U�X�P`U"fw�

fhOQPtM0ZVOx�hi$MVOQT�Kwv}MVkhU��eX]Z`��T�K Z`U"P`T�KeX�KhRbU"Pr\Bi$P`Mr�dU�OQK$R"zQi$fhU"f U��$c$zQOQRbOxMVzx��� � #oU"R+M0PrT�Y
X�\B�hOxj�ihOxMVOQUbPSX�ZVU�\^O|M0Oxj�X]M0UbfmX]M�MVkhU�R"T�PtM�T�YeZ`U �~ihOxZVOQK$j
X�chk��sP`OQR"X�zQz|�q\^T]M0Ox�]X]MVU"f � 
�� �2���
T�Y-PtMnX]MVU"P%* �g(��QvwMVZVihKhR"X]M0OxKhj<M0k$U�PVUbMmT�Y�l-X���U"P3M0TrMVkhU�\^OxKhOQ\^X�z P`UbMmZVU �Wi$OQZVUbf��~��M0khU

hM�� ��k$U:Ox\^chX�RbMqT]Y-X]K~��X�\B�hOxj�ihOxMVOQUbPHRbZVU�X.M0U"f�laOQzxz��]X�Zt��laOxMVk�M0khU�Z`U�X�R+M0OQT�K��oUbOQKhj
P`M0i$fhOQUbfwve�hi$M�R�X]K��dUql-UbzQz fhU+M0U"Z`\^OxKhU"f�ihP`OQKhj ��T�K~MVU�	 �}X]ZVzQT:\:UbM0k$TsfhPb�
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.�OQj�i$ZVU ��� � � � � � � UbYpM���PVkhT6laPEM0khU 
hMEM0T�MVkhU}cdT�PVO|M0Ox��U}ZVU+#eU"R+M0O|�sO|ML�ychX�Z`MET]YdMVkhU � � � OxKs�M0U"K$PVOxML��Y[T�ZEUb��UbK�M0P-K$U�X�Z � � � � X�Khf � � � fhUbj�ZVUbU"P"� � %�Oxj�k�M���P`khT6laP{M0k$U�PVX�\:UaY[T�Z�M0khUKhU"j�X.M0Ox��U�ZVU+#eU"R+M0Ox�WO|ML��l-X���U"Pb� ��khU+��_�U+��coT�OQK�M�OxP
M0keX.M�Y[T�Z � U��sRnkeX�Khj�U]v �gKhUbj�X]M0O|��U
KeX]M0i$Z0X�zxOxML� �+vdT�Khz|�5MVkhUycdT�P`OxM0O|��UNZVUb#hU"RbMVOx�WOxML�5l-X6��U�OQP�chZVTWfhihRbU"f�KhU"X�Z � � � � lakhOxzQUT�Khzx��MVkhU
KhUbj�X]MVOx��UHZVU+#eU"R+M0Ox�WO|ML�^OxP-chZ`Tsf$ihR"Ubf<KhU�X]Z � � � � � � 
�Y M0khUHU��sRnkeX�K$j�U�\:U"Rnks�X�KhOQP`\ keX�f�T�c$coT�P`OxMVU�KeX]M0i$Z0X�zxOxML��v]M0khUbK^U��hX]RbM0z|�BM0k$U�T�chcoT�PVOxMVU-l{T�ihzQf:keX���UaTWR"RbihZVZ`U"fw�
��khU"P`U 
hM0P�R"X�K�zxU�X�f5M0TrX�K�U��$X�RbM�fhU"RbT�\^cdT�P`OxM0OxT�K5T�YEM0khUNU��sRnkeX�K$j�U�\^UbRnkeX�KhOxPV\ X�P
zQT�Khj:X�P�T�KhU3_WK$T l M0khU3fhUbj�ZVUbUNT�Y�zQOxKhU�X]Z}coT�z�X�Z`O ��X.M0OQT�Kw�
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.�Oxj�ihZ`U ��� � � 1 � �$�$X�\:chzQUqT�Y�OQK�MVU"Z`Y[UbZVOxKhj��eX�Zt��T�K�X�Khf�\^UbPVT�K5chZ`TsRbU"PVP`U"Pb�

1:1�4�� � =
?BJq? ��= ��;�
�� �"=!�

��Y�RbZVihRbO�X�zoOQ\:coT�ZtMnX�K$R"U�OQK ��X�Z`MVO�X�z "�X���U0�HKeX�z|�sP`OQP{OQP-MVkhU�zQU"X�_.X�j�UHT�Z-Y[U"Ubf<M0khZ`T�ihj�k
Y[ZVT�\ T�KhU:ceX�ZtM0OQX�z�l}X���U<M0T�X]KhT�M0k$U"Z"� ��khOxPyzxU�X�_.X�j�U�OxPNihP`ieX�zxzx��R�X]ihPVUbf �~��X�K�OQ\��
coUbZ`Y[U"R+M�ihKhfhUbZVP`M0X�KhfhOxKhj�T�Y�M0khUqfhU+M0UbRbM0T�ZHX]R"R"Ubc$MnX]KhR"U]voX]Khf��oUbOQKhj�X��$zQU
MVT:\:OQK$OQ\:O �"U
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M0khOxPHOxPHRbZVihRbO�X�zSOQK5R�X]ZVZ`�WOxKhj^T�i$M�X]K�U��sRbU"zQzxU"K�M ���q�E� 
LK�T�ZVfhUbZHMVT^PtM0ihf$�5M0k$OQP�OQK�M0khU
�^� ���
	 fhU+M0UbRbM0T�Z"v}X�fhU+MnX�OxzQUbf PtM0ihfs� keX�P��oUbU"K R�X�Z`ZVOxU"f T�i$M�ihP`OQKhj ��T�K�M0U �}X�Z`zQT
PVOQ\yihz�X]MVOQT�K$P�X�Khf�MVkhU � ����R"TWfhU�( ����� * � 
LK�M0k$OQP�PtM0ihf$��v�MLl{T 1 � chk��WPVOQRbP3feX]MnXrP`UbM0P
l-UbZVUmj�U"KhUbZ0X]MVU"f�X�R"RbT�ZVfhOxKhj�M0T�M0k$UmZ`U�X�R+M0OxT�KhP �

����� � � � � � � �
X�Khf�M0khU3OQP`T�PVc$OQK�ZVUbz�X]MVU"f�ZVU"X�RbMVOQT�K

����� � � � � � � �

� 
LKhR"zxihfhU"f�OxK M0k$U chk��sP`OQRbP�l-UbZVU�M0k$U�chZVTWfhihR+M0OxT�K T�Y ���7� � � 	 � �&v � � � � 1 � � ��X�Khf� � � � 	 3 � �+v��$i$M5KhT U��$T]M0OQR�l-X���U�Y[Z`T�\ MVkhU ���7� � 	 �	� �+� ��khU"P`U�Ub��U"K�M0P�l-UbZVU�MVkhU"K
M0Z0X]Rn_�U"f�MVkhZVT�ihj�k�M0khU �^��� �
	 ��T�K~MVU#�}X]ZVzQT:chZ`T�j�Z0X]\�veX]Khf�MVkhUNT�i$M0chisMHl-X�PHMVkhU"K
Y[U"f OQK�M0T X�ceX]Z`M0OQX�zHl-X���U�X�KeX�z|�WPVOQPb� �HfhfhOxMVOQT�KhX�zHP`UbMVP5T]YychkhX�PVU&�LPVchX�R"U�j�UbKhU"ZVX]M0Ubf
Ub��UbK�M0P
l{U"Z`UNM0k$U"K�c$ZVTWfhihR"Ubf�Y[T�Z�MVkhU3KhT�ZV\^X�zxO ��X.M0OQT�K<OQK�M0Ubj�Z0X]zQP�OQK�M0k$U ���q�E� ��k$U"PVU
l-UbZVU�M0ZVX�Rn_�Ubf M0khZ`T�ihj�k X ��UbZVP`OQT�K T�YyM0khU��^� ���
	 ��T�K�M0U+�}X�ZVzxT�OxK lakhOQRnk M0khU
j�U"T�\:UbMVZ`� f$U"PVRbZVOxc$M0OxT�K T�YHMVkhU�fhUbMVU"R+M0T�Z�keX�f �dU"U"K RnkeX�K$j�U"f laOxM0k Z`U"PVcdU"R+M^MVT�M0khU
chk��sP`OQRbPNPVX�\^c$zQU"Pb� �$�$X�\^c$zQU"PqT]Y�MVkhU�ML�WcoUbPmT]Y-RnkeX]Khj�U"P3\^X�fhUBl{U"Z`U:f$OQP`MVT�Z`MVOQT�K$P�OQK
M0khUr\^X�j�KhU+M0OxR 
eUbzQfwvERnkhX�Khj�OxKhj�M0khU)zQTWR�X]MVOQT�K�T�Y�M0khU<Y[T�Z`l-X�ZVf�MVZ0X�Rn_~OQK$j�RnkeX�\B�dU"Z`P"v
RnkeX�Khj�OxKhj�M0k$U�ZVUbPVT�zxi$M0OxT�K T�YqMVkhU�M0ZVX�Rn_~OQKhj�f$UbM0UbRbMVT�ZVPbv
RnkeX�K$j�OQKhj�M0khU�zxT l UbKhU"Z`j��
chkhT�MVT�K�Rbi$M`��T2#�OQK5�oT]M0k�MVkhU3Y[T�Z`l-X�ZVf�X�Khf�M0khUN�eX�Z`ZVU"zSR"X�zQT�Z`OQ\:UbMVU"ZVPbveX�Khf�RnkeX�Khj�OQKhj
M0khU<Z`U"P`T�zQi$MVOQT�K T�Y�MVkhU^MLl{T�R�X�zxT�ZVOx\^U+M0UbZVP"����k$U<\^T�P`MNP`M0Z`OQ_~OQK$j�ZVUbPVihz|Myl-X�PyMVkeX]MNOxM
l}X�P3U��sMVZVUb\^Ubzx��fhO�!:R"ihz|M�M0TrchZ`Tsf$ihR"U�zQU"X�_.X�j�UBOxK�M0khU�U��$T]M0OQR ���
RnkeX�K$KhU"z�laO|M0k X�K��
T�Y�M0k$U"PVUNRnkeX�Khj�U"P"� .�Oxj�ihZVU ��� � � �:PVkhT6laP
ML�WchOxR�X�zSU��$X�\:chzxU"P�T�Y�M0k$UyzQU"X�_.X�j�UqY[ZVT�\IM0khU
P`M0i$f$��� " khOQzxU
O|M�OQP�cdT�PVP`OQ�hzxU
M0T�OxKhfhihRbU ��� ��PVO �bUqzQU"X�_.X�j�U"P}Y[Z`T�\�M0khUm ~� l}X���UNfhUbR�X��
OQK�M0T<MVkhU �H��l-X���U�fhU"R"X���T�Y�PVT�\:U�ZVUbPVT�KhX�KhR"UbP"v M0k$OQP�OxPqKhT�M�MVkhU�KhT�Z`\�� 
LK�T�ZVfhUbZ�M0T
fhTNMVkhOQPbv�ZVU"P`T�zQisM0OQT�KhP�KhU"Ubf^M0Tm�dU�T #��~�:XqYgX�R+M0T�Z�T�Y �sv~T�Z�\)X�j�KhUbMVOQR�
eUbzQfhP�KhUbU"f � � �
fhOQPtM0T�ZtM0OQT�KhP"�
��khU�\:T�P`MSOx\^cdT�Z`M0X�K�M R"T�KhR"zxihPVOxT�KhPST�YWM0khU�P`MVihf$�mOQPwMVkeX]M�OxMSOxP fhO�!:RbihzxM MVTHchZ`Tsf$ihR"U

Y[U"U"f�MVkhZVT�i$j�k�OQK�M0T<MVkhU�U��sT�MVOQRBRnkeX]KhKhU"z�Y[Z`T�\ T�M0khUbZq\^UbPVT�K�RnkhX�KhKhUbzQP"� .eT�ZqX�zx\^T�PtM
X�zQz�RnkeX�Khj�U"P<\^X�fhU�khU"Z`U�vaM0khU�X�\^T�ihK�M<T�YqY[UbU"f M0k$ZVT�ihj�k l}X]P<zQUbPVP)MVkeX�K � � T�YmX
P`M0Z`T�Khj RnkeX]KhKhU"z v�laOxM0k MVkhU�Y[UbU"f M0k$ZVT�ihj�k Y[T�Z^MVkhU�KhT�\:OQKhX�zafhU"P`OQj�K �]X�zxihU"P)�oUbOQKhj
PVT�\:UbMVkhOQKhj�zxOQ_]U � � � �<� .HT6l-U+��UbZ"v-O|MBOxPycdT�PVP`OQ�hzxU)M0T�j�U+M�PVOxj�KhO�
eR�X�K�MyzQU�X]_]X]j�U)Y[ZVT�\
M0khU ���- ~� l}X���U3fhUbR�X��<OxK�M0TBM0k$U �����H� l}X���UqfhU"R"X6��v$laOxMVkrUb��U"K5PV\^X�zQz RnkeX�K$j�U"PaOQK^M0khU
KhT�\:OQKeX�z�fhUbMVU"RbMVT�Z3fhU"P`OQj�K � ��khOxP3PVT�ZtMNT]Y-Y[U"Ubf MVkhZVT�ihj�k OQPqYgX�OQZ`zx��P`MVZ0X�Oxj�k�MqY[T�Z`l-X�ZVf
M0T<ihK$fhU"Z`P`MnX]Khfw� �HK� ~� l}X���U�f$U"R�X���OQP�KhT�\:OQKeX]zQzx�^# X]M"vokhT6l{Ub��U"Z"v O|Y�l{UBkeX���UBzxT�PVP`U"P
KhU�X�ZqRbT�P�� ��� � vwM0khUBU"X�PVOxU"PtM3fhU"P`R"ZVOxc$M0OxT�K�T�Y�MVkhOQP�OxP
laOxMVk�X �H��l-X���U�RbT�\^cdT�KhUbK�M��

LK^T�Z`fhU"Z�MVT3chZVTWfhihRbUHX�����l-X���U�R"T�\:cdT�KhU"K�M"v�OxM�OQP�KhU"RbU"PVPVX�Z`��MVTmc$ZVTWfhihR"U�X�Y[T�Ztl}X�Z`fs�
�eX�Rn_�l}X]ZVf X]P`�W\^\:UbMVZ`��OQK M0khU I�X�Rn_~P`T�K Y[ZVX�\:U 	�PVT�\:UbMVkhOQKhj�MVkeX]M:X�chcdU�X]ZVPBYgX�OxZVzx�
fhO�!:R"i$zxM�M0T�fhT�laOxMVkrM0khU��^������	 fhUbMVU"R+M0T�Zb�
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��khU �^������	 RbT�zQzQX��dT�Z0X]MVOQT�K OxP^RbihZVZ`U"K�M0z|� cdU"ZtY[T�ZV\:OQK$j�ceX]Z`M0OQX�z}l-X6��U�X�KeX]zx�WPVOxP^T�K
feX]MnX�M0keX.M)keX���U��oUbU"K Z`ihK MVkhZVT�i$j�k�MVkhU �^�����
	 fhUbMVU"RbMVT�Z)P`OQ\Bi$z�X]MVOQT�K ceX�Rn_.X�j�U��
��khU<OQK$OxM0OQX�z�PtM0ihfhOxU"PNkeX���U<RbT�KhR"UbK�M0Z0X.M0U"f T�K�M0khU^ZVU"X�RbMVOQT�K � � � � � � � � � ��� ��khUR"T�zxz�X��dT�Z0X.M0OQT�K�keX�PqMLl{T�fhO�# UbZVU"K�MmPVT]YpMLl}X�Z`U^chX�Rn_.X�j�U"PmihKhf$U"ZmfhUb��U"zQT�ch\^UbK�M��1��k$U"PVU
ihPVUHfhO�#oU"Z`U"K�M{Y[T�ZV\^X�zQOxPV\:P�X�Khf 
hMVMVOQKhj3chZ`TsRbU"fhi$ZVU"P�M0TmcoUbZ`Y[T�Z`\ M0khU ���q�E�,��khU�R"T�\��
ceX�ZVOxPVT�K�T]YEM0khUBZ`U"P`ihzxMVP
Y[ZVT�\ M0k$UyMLl-T�U # T�ZtM0P
laOxzQz�X�zQzxT6l ihP
MVTr�oU+MVM0UbZ�ihKhf$U"ZVPtMnX�K$f
M0khU3P`�WPtM0U"\^X]MVOQR3chZVT��hzQUb\^PaX�P`PVTWR"OQX]M0Ubf�laO|M0k�M0khU3chZ`TsRbU"fhi$ZVU"Pb�

.�O|M0P�khX6��Ua�oUbU"K:coUbZ`Y[T�Z`\^Ubf�laO|M0k��]X�Z`�WOxKhjqfhU"j�ZVU"UbP{T]YozxOQKhU"X�Z�cdT�z�X]ZVO �"X]M0OxT�KNMVTqihKs�
fhU"Z`P`MnX]Khf�M0khU{�eX�z�X]KhR"U{�oU+MLl-UbU"K:coT�zQX�ZVO���X]MVOQT�KmX�K$fBZ0X�l P`M0X]M0OxP`M0OxR"PSlakhU"K�MVkhU-chZ`Tsf$ihR+�
M0OQT�K5\:U"RnkhX�KhOQP`\IOQP�_~KhT6laK�X�Khf�M0T�fhU"\:T�KhPtM0ZVX]M0UqM0k$UmK$U"U"f5Y[T�Z�zQOxKhU�X]Z}coT�z�X�Z`O ��X.M0OQT�K
OQK:fhOQP`U"K�MnX�K$j�zQOxKhj�M0khU�KeX]MVihZ0X]z X�Khf:ihKhKeX]MVihZ0X]zeU��sRnkeX�Khj�U
\:U"RnkeX�K$OQPV\:P�OQK�ZVUbPVT�KhX�KhR"U
chZVTWfhihR+M0OQT�Kw� ��khU"P`U OxKhOxMVO�X�zaPtM0ihfhOxU"Prj�O|��U�i$PrR"T�K�
hfhU"KhRbU�M0keX]Mrl{U�X�Z`U�fhU"P`OQj�K$OQKhj
M0khUyX�chchZ`T�chZVOQX]M0UmfhU+M0U"R+M0T�Z�laOxMVk�M0khUNR�X�chX��hOQzxOxMVOQU"P�K$U"U"f$U"f�M0T 
eKhf�X]Khf�ihKhf$U"ZVPtMnX�K$f
U��sT�M0OxR3\^UbPVT�KhPb�


LK T�Z`fhU"ZmM0T�RbT�K�M0OQK~ihU^M0T�fhU+��UbzQT�c�MVkhU<ceX�ZtM0OQX�z�l-X���U�X�KhX�zx�WPVOxP"v��dT�MVk OQK�MVU"Z`\^P
T�YSY[T�ZV\^X�zQOxPV\5v~X�Khf�OxMVP-RbT�KhKhUbRbM0OxT�KrM0T�chk$U"KhT�\:U"K$T�zQT�j]�)X]KhfrM0T�z�X.MVM0OxR"U��
���Bv$PVT�\^U
\^Ub\B�oUbZVP�T�Y$MVkhU��^� ���
	 RbT�zQzQX��oT�Z0X]MVOQT�K�T�ZVj�X�K$O �"UbfmMVkhU 
eZVPtM�T�YslakeX]M�OQPSkhT�cdU"fmM0T��oU
PVUb��U"ZVX�zwl-T�ZV_~PVkhT�chP�Y[TsRbihPVUbfrT�K<M0khOxP{MVT�chOQR]�4��khOQP 
eZVPtM}l-T�ZV_~PVkhT�c�l-X�P�khUbzQf<OxK I�ihKhU
T�Y � �	� �yX.M �}X�ZVK$U"j�OxU&��U"zxzQT�K �HKhO|��U"Z`PVO|ML�rX�Khfrl-X�PaX]M`M0U"K$fhU"f����rX�c$chZVT"�sOQ\^X]M0Ubzx� 1 .
U��scoUbZ`MVPEOQKyMVkhU 
eUbzQfw� ��khU�chZVTWR"UbU"fhOxKhj�P�laOxzQz~�dU}chih�hzxOQP`khU"f�OxKBU�X�Z`zx� � �	� 1�( ����� * �$��khU
PVU"RbT�Khf�l-T�ZV_~PVkhT�c�OxP
U��scdU"R+M0U"f�M0T<M0X�_�U�c$z�X�RbU�X]M I�U # UbZVPVT�K zQX���OxK�M0khUBzQX]M0UyPVchZ`OQKhj
T�Y � �	� 1$�
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�qX��sOxf �}X�PVP`U"z �-T�Z`KhU"zxz �HK$Ox��UbZVP`OxML�
.eZ0X�Kh_ �-zQT�P`U %ai$M0k$U"Z`Y[T�ZVf ��X]�oT�ZVX]M0T�Z`�
I�T�khK ��T�\:OQKhj�T I�U # UbZVPVT�K �SX��dT�Z0X.M0T�Zt�
" OQzxzQO�X]\ ��ihK�l-TWTsf$OQU  WM0X�K$Y[T�Z`f �SOxKhU�X]Z-�
R"RbU"zxU"Z0X.M0T�Z
��T�KeX�zxf��3UbU"PVX�\)X]K �HZVj�T�K$KhU �
X]MVOQT�KeX]z �SX��dT�Z0X]MVT�Z`�
�qX��sOxf�.HOxMVzQOxK �}X�zxOxY[T�Z`KhO�X 
LKhP`MVOxMVi$M0U3T�Y ��UbRnkhKhT�zxT�j��
��X�ZtM0OQK ��zQP`PVT�K ��KhOx��U"ZVP`OxML�rT]Y�" OxPVR"T�KhPVOxK
�3zxU"KhK���T�i$Khj �qX�_'%aOQf$j�U��
X.M0OQT�KeX�z �SX��dT�Z0X.M0T�Zt�

%�UbcoT�ZtM �qX]M0U � I�X�K~ieX�Z`� � �sv � � �	�
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�F F ?yA��
��khU �-T�\^\:OxM`M0U"U�l}X]P-X�P`_�Ubf^M0TmX�f$fhZVUbPVPEM0khZ`U"UachZ`OQKhRbOQceX�z �~ihU"PtM0OQT�KhP"v~lakhT�P`UHX]KhP`l{U"Z`P
l-UbZVU
MVTy�dUH�eX]PVU"frT�K^M0k$U�X�KhPtl-UbZVP-MVTy\:T�ZVUafhU+MnX�OxzQUbf �~ihU"PtM0OxT�KhP"�4��k$OQP %aU"cdT�ZtM-RbT�Ks�
MnX�OxKhPEM0khU��-T�\:\^O|MVM0UbU 
 P�ZVU"P`coT�KhPVU�M0T3M0khUbPVU �~ihUbP`MVOQT�KhPbv$X]Khf)X]f$�WOQR"UaM0T3M0k$U<I�U # UbZVPVT�K
��X]�oT�ZVX]M0T�Z`��\^X�KeX�j�Ub\^UbK�M
X]Khf�MVkhU .HX�zQz � RbT�zQzQX��dT�Z0X]MVOQT�K ����ihZHX�KhPtl-UbZVP
MVT^M0k$U"PVU
�Wi$U"P`MVOQT�K$PaX�ZVU�P`ih\:\)X�Z`O �bU"f<OxK)M0khOxP �$�sU"R"isM0Ox��UN sih\:\)X�Zt�^X�Khf<M0k$U"K�j�Ox��U"KrOxK<\^T�ZVU
fhUbM0X�OQzwOxKrM0khUqY[T�zxzQT6laOQKhj� sU"R+M0OQT�KhPaT�Y�MVkhOQP %aU"cdT�ZtM��
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��khOQPqRbT�zQzQX��oT�Z0X]MVOQT�K�chZVT�cdT�P`U"PqM0TrU��$c$zQT�Z`U�P`�WP`MVU"\^X]M0OxR�X�zxzx�5M0khU�zxOQj�k�M�\:U"P`T�KhP �[laO|M0k
\)X�P`PVUbPyihc M0T�X]�oT�isM �s�/.��3U �&��laOxM0k�R�X�chX��hOQzxOxMVOQU"PHYgX�ZN�dUb��T�Khf�MVkhT�P`U^T�Y}chZVU+�sOxT�ihP
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Tagger
Building

DOE Land

SURA Land

60 m

to be transfered to DOE 

265 m 100 m38 m

Radiologically Controlled Area

Hall D Construction Site

Hall D

66 m

87 m 75 m

April, 2002 

Shaded Area: SURA land 
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CEBAF HallD End Station

Cut plane at x = 0 m

CEBAF HallD End Station

Cut plane at x = 0 m
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CEBAF HallD End Station

Cut plane at y = 1.05 m

CEBAF HallD End Station

Cut plane at y = 1.05 m
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CEBAF HallD End Station

Cut plane at y = 5 m

CEBAF HallD End Station

Cut plane at y = 5 m
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CEBAF HallD End Station

Cut plane at z = -5.1 m

CEBAF HallD End Station

Cut plane at z = -5.1 m
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Generated Differential Photon Energy Flux

Photon Energy (GeV)

E
γd

N
γ/d

E
γ  

   
   

   
   

   
   

   
  

Photon Energy (GeV)

Total Flux Generated

N events total = 3940000

Photon Energy (GeV)Photon Energy (GeV)

Flux exiting Target
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Dose rate outside HallD (North wall) for Setup0var wls, 10cmPDD, H tgt, He

 Z (m) Z (m) Z (m)

H
 (
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Beam total power = 1.5 W avrg. µrem/h

  20.48 ±   0.50 total
  17.09 ±   0.45 neutrons
   1.32 ±   0.03 photons
   1.79 ±   0.22 electrons
   0.28 ±   0.04 positrons
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Dose rate outside HallD (South wall) for Setup0var wls, 10cmPDD, H tgt, He

2002/06/11   17.55

 Z (m) Z (m) Z (m)

H
 (
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/h
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Beam total power = 1.5 W avrg. µrem/h

  22.21 ±   0.43 total
  19.26 ±   0.40 neutrons
   1.30 ±   0.03 photons
   1.32 ±   0.15 electrons
   0.32 ±   0.05 positrons
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Dose rate 9 m North from HallD for Setup0var wls, 10cmPDD, H tgt, He

 Z (m) Z (m) Z (m)

H
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Beam total power = 1.5 W avrg. µrem/h

   4.36 ±   0.13 total
   3.86 ±   0.10 neutrons
   0.11 ±   0.00 photons
   0.36 ±   0.08 electrons
   0.03 ±   0.01 positrons
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Dose rate 9 m South from HallD for Setup0var wls, 10cmPDD, H tgt, He

 Z (m) Z (m) Z (m)
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Beam total power = 1.5 W avrg. µrem/h

   5.97 ±   0.18 total
   5.32 ±   0.12 neutrons
   0.17 ±   0.01 photons
   0.44 ±   0.13 electrons
   0.04 ±   0.01 positrons
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Dose rate 15 m East from HallD for Setup0var wls, 10cmPDD, H tgt, He
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Beam total power = 1.5 W avrg. µrem/h

   4.45 ±   0.14 total
   3.51 ±   0.12 neutrons
   0.27 ±   0.01 photons
   0.52 ±   0.07 electrons
   0.15 ±   0.02 positrons
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Dose rate 83 m North from HallD for Setup0var wls, 10cmPDD, H tgt, He

 Z (m) Z (m) Z (m)

H
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Beam total power = 1.5 W avrg. µrem/h

   0.44 ±   0.01 total
   0.43 ±   0.01 neutrons
   0.01 ±   0.00 photons
   0.01 ±   0.00 electrons
   0.00 ±   0.00 positrons
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Dose rate 83 m South from HallD for Setup0var wls, 10cmPDD, H tgt, He
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Beam total power = 1.5 W avrg. µrem/h

   0.51 ±   0.01 total
   0.49 ±   0.01 neutrons
   0.01 ±   0.00 photons
   0.01 ±   0.00 electrons
   0.00 ±   0.00 positrons
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Dose rate at the boundary (83 m East) for Setup0var wls, 10cmPDD, H tgt, He

 X (m) X (m) X (m)
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Beam total power = 1.5 W avrg. µrem/h

   0.53 ±   0.01 total
   0.47 ±   0.01 neutrons
   0.02 ±   0.00 photons
   0.04 ±   0.01 electrons
   0.01 ±   0.00 positrons
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