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@BAC@ DFEHGJIHKML8NIBKPOQGRLSIBK ATA�AUATA�ATA�ATATA�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATAV@B@
@BA � WYX[Z]\�XS^PG`_Xba(LSGJEcWed fgAUATA�ATA�ATATA�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATAV@ �

@BAih jlk(XbmnXSLbmnIB^FWod fqp �rAUATA�ATA�ATATA�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATAV@ts
@BAus jlXbvwXSGCm:Ixk(Xzy{ XS^PXSa(|}I�~�ATA�ATA�ATATA�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATAV@��
@BA�� jlk(XbmnXSLbmnIB^�DF� {M� A�AUATA�ATA�ATATA�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATAV@��

� ��� 0 �� � � "��F.0]1�]� � ��� " ���S� 0 �)�� " � � � � 3
��AC@ d�I}m:GR~}E��L}�IBXSK�\(EH^:Ex�(OQE�^nXSLbIBa(K�m:^n���LH�EHI�EH�]m?NIHa(IBOQE�ATA�ATA�ATATA�ATAUA�ATA�ATA ��@
��A � �)OcGJKnKb�EHIxk(XovwIHmt�IHXSK�y{ XS^PXSa(|}I�~ ATATA�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA � �

��Aih D/Xbvw^nEHL��L}�EHIxk(IBK�vwIHmt�IHXSK ATA�ATA�ATATA�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA �}s
��Aus W��J�BIB^PGRmnOQI�k(XU^nXSLbIBa(K�m:^n���LH�EHI�A�ATATA�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA �H�
��A�� D/XS�JE��LH�EHI�vw�]a(k�EHOcXSa6m�E}�8XSa6m:^PX<_E}a(�B�(�RIBK�A�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA �B�
��Ai� d�NX m:I+k(Ixk(X�¡�Xb¢�mnIBa�£¤D�EH\]¥(KnIBa¦ATATA�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA �H§
��A�� W�\(�JGRLtE��L}�EHI¨k(IxOzNX m:I+k(I ©E¨^nXSLbIBa(K�m:^n���LH�EHIcA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA �Hª
��Ai§ f�IH�J�«�L}�IBXSK/XS¬��(GC~}EH�JXba�mnXSK/XUKn��Ex^nXbk(�«�L}�EHI�E}I@b® ¬���E}k(^:EHa6mnX�XbO°¯¨X�¯t±²ATA�ATA¦hBp
��Aiª W�O�³(GJ�H�(GJk�E}k(Xek�E¨^nXbLSIBa]KPm:^P�«�LH�E}I�LSIHO´m:^S_XSK�vwIHmt�IHXSK A�ATA�ATATA�ATAUA�ATA�ATA¦h]@
��AC@�p¶µeX ·�a(GP�L}�EHIxk(XU�(OQE�^nXSLbIBa(K�m:^n���LH�EHIQLSIB^P^nXSL m�E¶AUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA¦hBh

h
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��AC@B@ �¤a(LbXS^�m:X
	SEQa(IHKF\�IBa6m:IHKFk]XTGROQ\(EHLbmnI A�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA¦hHs
��AC@ �¶f�Xb�JXbL��LH�E}IQk(XU^PXSLSIHa(KPmn^n�«�L}�IBXSKoATA�ATATA�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA¦hHs
��AC@�h¶�)KnLSEH� E}KFLSEH^:E}Lbm:Xb^tN� KPm:GRLtEHK�k]XTXb^n^PIcXULb�J�(K�m:XS^PG�	SE��LH�EHIATA�ATA�ATATA�ATAUA�ATA�ATA¦h6�

 ��� � � * ��� � � � �?'�� � � � �  2
h]AC@ D/XSLbIBa(KPmn^n�«�L}�EHIck(XUXb~BXba6m:IBK�^nXtE}GJK°ATA�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA s6p

h]AC@BAC@ DFXbLSIBa]KPm:^P�«�LH�E}IQXbO²¯ A�ATATA�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA s6h
h]AC@BA � DFXbLSIBa]KPm:^P�«�LH�E}IQXbO�� A�ATATA�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA s6�
h]AC@BAih DFXbLSIBa]KPm:^P�«�LH�E}IQXbO²¯t±�A�ATATA�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA s6�
h]AC@BAus W��P�(K�m:XUk(IBK/\�IBa6m:IBK�©EHK/Lb�(^P~}EHK/^nXbLSIBa]KPm:^P�8N� k(EHK A�ATATA�ATAUA�ATA�ATA s6§

h]A � D/XSLbIBa(KPmn^n�«�L}�EHIck(XUXb~BXba6m:IBK�KnGJO �(� EHk]IBK�A�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA s6ª
h]A ��AC@ µeXS\�XSa(k _XSa(LbG ExLSIBOVIxa�N�(OcXS^PI¨k(XovwIHmt�IHXSK¶ATA�ATA�ATATA�ATAUA�ATA�ATA �Hp
h]A ��A � µeXS\�XSa(k _XSa(LbG ExXSO°¯ A�ATATA�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA¦�Bp

h]Aih W�KnKnGROQX m:^PG E�k(IBK/\�E}k(^S�IBXbK/^nXSLbIBa(K�m:^n� N� k(IBK°ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA¦�6�
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@BAC@ �)Kn\�XSL m:^PIQXbO°XSa(Xb^n�BGJExk]IBK/^:EHGRIBKML8NIHKnOcGJLSIHK�\(^nGRO NEH^PGJIBK A�ATATA�ATAUA�ATA�ATAV@ �

@BA � jlk(XbmnXSLbmnIB^FWod fqp]@Ua(I¨~}EHGR~)NXSOVµeGJKnLbI�~BXS^�
<XSO @tªBªB§°A�ATATA�ATAUA�ATA�ATAV@�h
@BAih ��GJKS�E}IQE}^PmtN� KPmnGJLtE�k(X�Wed fqp ��a�Ex� K�m�E��L}�EHIQ� KP\�EHLbG EH�8�¤a6m:Xb^na�E}LSGJIHa�EH�cA�ATA�ATAV@�h
@BAus ��GJKPm:E¨X Z�\�EHa(k]GJk�Exk(Ixk(XbmnXSL m:IB^/Wod f�p � ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATAV@ts
@BA�� µeX m:XSL m:IB^/D/� {M� £ ~�GRKPm:ExXbOV\�XS^nKP\�XbLbmnGR~}EATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATAV@��
@BAi� µeX m:XSL m:IB^/D/� {M� £ ~�GRKPm:ExXbOVLSIH^Pm:X�A�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATAV@��
@BA�� o�(G E�k]XT�R� 	�£ ~+GJK�m�E¨XSO°\�XS^PKn\�XSLbmnGR~}E ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATAV@�§
@BAi§ �)�JXbOQXba6m:Ixk�E¨O�E�m:^nG 	ek(XUk(X m:XSL+�LH�EHI>A�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATAV@�§

��AC@ �)OcGJKnKb�EHI¶y{ XS^PXSa(|}I�~a(Ixk(X m:XbLbm:IH^�D/� {M� ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA � �

��A � � ·�LbG`_XSa]LSG E¨¬���_EHa6mnGJLtExk(IBK�vwIHmnIBO��(�Cm:GR\(�JGRLtEHk(IH^nXSK¶ATATA�ATA�ATATA�ATAUA�ATA�ATA �B�
��Aih µeX ·�a(GP�L}�EHIxk(X�� XSO´vw�]a«�LH�EHIck(XT¯���XT¯��YA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA �B�
��Aus ��EHk(^S�IHXSK/LSIBO�@�� ����h¨XUsQ^PXSLbIBa(KPmn^n�«�L}�IBXSK¶ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA¦h �

��A�� ��EHk(^S�IHXSK/LSIBO°���?���?��XT§c^PXSLbIBa(KPmn^n�«�L}�IBXSK¶ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA¦hBh
��Ai� ��EHk(^S�E}IcLbIBOV�(OQE¨K�NIc^nXbLSIBa(K�m:^P�«�LH�EHI�EHLSXbGRm�NE}~BXb� ATATA�ATA�ATATA�ATAUA�ATA�ATA¦h6�
��A�� ��EHk(^S�IHXSK/LSIBO´k(��EHKF^nXbLSIBa(K�m:^P�«�LH�IBXbK�E}LSXSGCm?NE}~HXSGRK�ATATA�ATA�ATATA�ATAUA�ATA�ATA¦hB�
��Ai§ D/XSLbIBa(KPmn^n�«�L}�EHIcXS^n^nEHk�Ex³�EHKPXtEHk�ExXSO´\�IBa6mnIBK/\(^�NI}Z�GROQIBK A�ATATA�ATAUA�ATA�ATA¦h6�
h]AC@ �)^nI}m?NIHmnGJ\�I¨k(Ixk(XbmnXSLbmnIB^�DF� {M� ATATA�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA¦hBª
h]A � µeGRKPm:^PGJ³(�]GP�LH�E}I�k(IxXS^P^nIcXSO�� X�� ATA�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA s(@
h]Aih µeGRKPm:^PGJ³(�]GP�LH�E}I�k(IxXS^P^nIcXSO°¯t± A�ATATA�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA s(@
h]Aus � ~BXba6m:I�LbIBOV³�IBOVE}LSIB^Pk(IQXba6m:^nXU^PXSLSIHa(KPmn^n�«�L}�IBXSK ATA�ATA�ATATA�ATAUA�ATA�ATA s �

h]A�� � ~BXba6m:I�E}\�Xba�EHK/LSIBO´^nXSLbIBa(K�m:^n���LH�EHI�EH�]m?NIHa(IBOQEqATATA�ATA�ATATA�ATAUA�ATA�ATA s �

h]Ai� D/XSLbIBa(KPmn^n�«�L}�EHIcXSO°¯ AUATA�ATA�ATATA�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA s6h
h]A�� �)^n^PIxa�Ec^PXSLbIBa(KPmn^n�«�L}�EHIcXSO²¯¦A�ATATA�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA sBs
h]Ai§ �)^n^PI�a�E ^PXSLbIBa(KPmn^n�«�L}�EHIxXSO ¯�XbOgvw�(a��LH�EHI�k]I¨aeN�(OQXb^nI�k(X�vwIHmS�IBXSK a(I��PLb�J�(K�m:XS^�� s��
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h]Aiª �)^n^PIxa�Ec^PXSLbIBa(KPmn^n�«�L}�EHIcXSO�� A�ATATA�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA s��
h]AC@�p¶D/XSLbIBa(KPmn^n�«�L}�EHIcXSO°¯t±<AUATA�ATA�ATATA�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA s��
h]AC@B@z�)^n^PIxa�Ec^PXSLbIBa(KPmn^n�«�L}�EHIcXSO²¯t± A�ATATA�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA s��
h]AC@ � �)^n^PIUa�ET^PXSLbIBa(KPmn^n�«�L}�EHI XbO¦¯t±«XbO>vw�(a«�L}�EHITk(IUaeN�(OQXb^nIUk(X�vwIHmS�IBXSK a(I �PLb�J�(K�m:XS^�� s6§
h]AC@�h¶µeGRKPm}_E}a(LSGJE�k(XU�(OV\�IBa6m:IcE¨�(O�E¨Lb�(^P~}E A�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA s6§
h]AC@ts�µeGRKPm:^PGJ³(�]GP�LH�E}I�k�E¨k(GJK�m}_EHa]LSG E�mtN� \(GRLtE�k(IBK/\�IBa6m:IBK�k]X�GROQ\�E}Lbm:I©EHK/LS�(^�~HE}K A�ATA s6ª
h]AC@�� D/XSLbIBa(KPmn^n�«�L}�EHIFKnGJO �(� EHk(E&XSO ¯MLSIBO �/E �Hp&vwI}mt�IBXbK8\�EH^:E/¯�� @tp}®�X ¯t±�� @�h���§B��® �Hp
h]AC@��¶D/XSLbIBa(KPmn^n�«�L}�EHI<KnGRO��(�JEHk�EQXbO � LSIBO���E �HpQvwI}mt�IBXbKe\�EH^nE<¯��g@�p ® Xx¯t±��

@�h���§B� ® ATA�ATA�ATATA�AUATA�ATA�ATATA�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA � �

h]AC@�� D/XSLbIBa(KPmn^n�«�L}�EHI�KPGJO��(�JEHk�ExXSO�¯t±MLbIBO �QE �}pcvwIHmS�IBXSK�\�EH^:EQ¯	�¦@�p ® X ¯t±
�
@�h���§B� ® ATA�ATA�ATATA�AUATA�ATA�ATATA�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA �Hh

h]AC@�§¶D/XSLbIBa(KPmn^n�«�L}�EHIFKnGJO �(� EHk(E&XSO ¯MLSIBO �/E �Hp&vwI}mt�IBXbK8\�EH^:E/¯��rhHp ® X ¯t±�� @�h���§B� ® �B�
h]AC@�ª¶D/XSLbIBa(KPmn^n�«�L}�EHI<KnGRO��(�JEHk�EQXbO � LSIBO���E �HpQvwI}mt�IBXbKe\�EH^nE<¯�� hBp ® Xx¯t±��

@�h���§B��® ATA�ATA�ATATA�AUATA�ATA�ATATA�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA �B�
h]A �Hp¶D/XSLbIBa(KPmn^n�«�L}�EHI�KPGJO��(�JEHk�ExXSO�¯t±MLbIBO �QE �}pcvwIHmS�IBXSK�\�EH^:EQ¯	�lhBp ® X ¯t±
�

@�h���§B� ® ATA�ATA�ATATA�AUATA�ATA�ATATA�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA �Hª
h]A ��@zD/XSLbIBa(KPmn^n�«�L}�EHIxKnGRO��(� E}k�E�XbOV¯ LbIBO�@�pTvwIHmt�IBXbK�\�EH^nE�¯ ~}EH^nGtNE}~BXb� XSa6mn^nXUp ® X

hBp ® A�ATATA�ATA�ATATA�AUATA�ATA�ATATA�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA¦�]@
h]A � � D/XSLbIBa(KPmn^n�«�L}�EHI¨KnGRO��(�JEHk�E�XbO �qLSIBO²@�pTvwIHmt�IBXbKM\�EH^nE�¯T~}EH^PG�NE}~HXS��XSa6m:^PXUp}®�X

hBp ® A�ATATA�ATA�ATATA�AUATA�ATA�ATATA�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA¦� �

h]A �Hh¶D/XSLbIBa(KPmn^n�«�L}�EHI<KnGRO��(�JEHk�ExXSO ¯t±�LSIBO @�pQvwI}mt�IBXbK�\�EH^nE�¯Q~}EH^PG�NE}~HXS�#XSa6mn^nX¨p}®
XThBp ® ATATA�ATA�ATATA�AUATA�ATA�ATATA�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA¦�Hs

h]A �}s f�XbOQGRXSG Z]IHKMO�E}GJIB^MXUOcXSa(IH^�k(XU�(O�E¨Xb�JGJ\]KnX¶AUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA¦�B�
h]A �B� W�KnKnGROQX m:^PG E�k(Ix\�EHk]^S�EHIcXSO´vw�]a«�LH�EHIxk(XT¯´ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA¦�6�
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h]AC@ { EH^nEHLbmnXS^SN� KPmnGJLSEHK�k(Ic\(^nIHm�NIHm:GR\�I�DF� {M� A�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA s6p
h]A � D/XSLbIBa(KPmn^n�«�L}�EHIcXSO°¯�� @�p ® XbO´vw�(a«�L}�EHIck(IQa�N�]OQXb^nI¨k(XovwIHmS�IBXSK¶ATAUA�ATA�ATA ��@
h]Aih D/XSLbIBa(KPmn^n�«�L}�EHI�XbO � �l@�§Bp}®&LSIBOg¯ � @tp}®MXbO vw�]a«�LH�EHI�k(I a�N�]OQXb^nITk(XFvwI}mt�IBXbK �}s
h]Aus D/XSLbIBa(KPmn^n�«�L}�EHI<XSO�¯t± � @�h �i§B� ® LSIHO�¯ � @�p ® XSO²vw�(a«�L}�EHI<k(I<a�N�(OcXS^PI�k(X

vwIHmS�IBXSK ATA�ATA�ATATA�AUATA�ATA�ATATA�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA �}s
h]A�� D/XSLbIBa(KPmn^n�«�L}�EHIcXSO°¯�� hBp ® XbO´vw�(a«�L}�EHIck(IQa�N�]OQXb^nI¨k(XovwIHmS�IBXSK¶ATAUA�ATA�ATA �H�
h]Ai� D/XSLbIBa(KPmn^n�«�L}�EHI�XbO � �l@�§Bp ® LSIBOg¯ � hHp ® XbO vw�]a«�LH�EHI�k(I a�N�]OQXb^nITk(XFvwI}mt�IBXbK �H§
h]A�� D/XSLbIBa(KPmn^n�«�L}�EHI<XSO�¯t± � @�h �i§B� ® LSIHO�¯ �>hBp ® XSO²vw�(a«�L}�EHI<k(I<a�N�(OcXS^PI�k(X

vwIHmS�IBXSK ATA�ATA�ATATA�AUATA�ATA�ATATA�ATA�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA �H§
h]Ai§ D/XSLbIBa(KPmn^n�«�L}�EHIcXSO°¯¨XSO vw�(a«�LH�E}IQk(XT¯ A�ATAUA�ATATA�ATA�ATATA�ATAUA�ATA�ATA¦�Bp
h]Aiª D/XSLbIBa(KPmn^n�«�L}�EHIcXSO � � @t§Bp ® XSO´vw�(a��LH�EHIxk(XT¯ ATATA�ATA�ATATA�ATAUA�ATA�ATA¦�Bh
h]AC@�p¶D/XSLbIBa(KPmn^n�«�L}�EHIcXSO°¯t± � @�h �i§B� ® XSO vw�(a«�LH�E}IQk(XT¯¶ATA�ATA�ATATA�ATAUA�ATA�ATA¦�6�
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jY\(^PXSKnXba6m:XUm:^:E}³�EH�J¥]I m:X ~BXULSIBOcI¨IB³ �PXbLbmnGR~BIxk(XbKnXba�~HIB�R~HXS^F�(O EH�J�BIH^nGRmnOQITk(Xo^PXSLSIHa(KPmn^n�«�L}�EHI
k(E�~BXb�JI+LSGJk(EHk(XFXek(GJ^PXSL+�LH�EHI�k(Xe^:E}GJIBK L8NIHKnOcGJLSIHK&LtE}^n^nXb�6EHk(IHKME \�E}^Pm:GR^ k(IBKMKPGJa�EHGRK \]^nI+k(� 	SGRk(IBK
a]I�k(X m:XSL m:IB^�DF� {M��� D/GJa(�c�¤OQEH�BGJa]� y{ Xb^nXba(|HI�~���k�EcX Z�\�Xb^nG`_XSa(LbG EQWed f � W��J\]¥�E�d E}�Ba(XbmnGJL
f+\�XbLbm:^PIBOcXbm:Xb^	��
 @�8\�IB^/LtEHk�E¨\�E}^PmtN� LS�(�JE�XU\�Xb� E¨^:EHk]G E��L}�EHI¶y{ XS^PXSa(|}I�~�E¨XS�JExEHKnKPI�LbG EHk�E�A
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GROQXba6m�EH�Fk(X��«E}^PmtN� LS�(�JEHK � �8� ���cKnIB³ E IB^PGJXSa6m:E��LH�EHI k(I �)^nIHv A µeIB�]mnIB^���Xb^na�EHa]k(I��MEH^b�EHI �
LbIBOcI �)^PI �PXSL m:I���GJa�EH�]k�E��8GRLSXSa]LSG E�m:�(^nEUXbO �)a(�BXSa]¥�EH^nGJE��&N� KnGRLtE���XSLSa]IB��NIB�HGJLtEok(IT�¤a(K�m:GRmn�]m:I
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W¶X[Z�\(^nXbKnKS�E}I �P^nEHGJIBK«L8NIBKPOQGRLSIBK��ok(XSKPGJ�Ba�Eo�BXba(XS^PGJLSEHOQXba6m:X�I ����Z�IUk(X/\�EH^�m�N� Lb�(� E}K«k(X/XS�RXb~}EHk�E
Xba(XS^P�BG E¨X[Z]GRKPmnXSa6m:XTa(IcXSKn\(E��LSI ��XU¬��(X�E}m:GRa(�BXeIc\(�JEHa(Xbm:E���Xb^n^nEcXTE¨^nXb�BG`�EHIxXba�~HIB�R~HXSa6m:X}A
W X[Z]GRKPmt_XSa(LbG E k(XSK�m�E ^:E}k(G E��L}�EHI L8NIHKnOcGJLtE vwIHG�k(XbKnLSIH³�Xb^Pm�EzXSO @�ª]@ � \�IB^ ��GJL m:IB^ � XSKPK

E�m:^:Et~)NXSKxk�E ^PXtEH�RG�	SE��LH�EHI k(X<X Z�\�XS^nG`_XSa(LbG EHK¨XbO�³�EH� �EHI ¬��(X<k(XbOQIHa(KPmn^:EH^nEHO X[Z]GRKPmnGJ^��(O EH��£
OcXSa6mnIck(EcGRa�mnXSa(KPGJk�E}k(XUk�E¨^:EHk(GJE��LH�E}I¨OQXbk(GJk�E¨LbIBO°ExEH�RmnGRmn�(k(XHA
W k(XbmnXSL��L}�EHI�k(GR^nXSL m�E k]X�^:EHGRIBKTL8NIBKPOQGRLSIBKT\(^nGRO NE}^nGJIHKTLSEH^n^PXS�6E}k(IBK NXQGJOc\�IHKnKSN� ~BXb��a(E Kn��£

\�XS^�v�N� LbGJXUm:XS^P^nXbKPm:^PXHAFW>GRa�mnXS^nEHL��L}�EHI�k�E}K�\�EH^�m�N� LS�(�JEHK�LbIBa(K�m:GRmn�(GJa6mnXSKFk(IBK�^nEHGJIHK�L NIBKnOcGJLbIBK�LbIBO
EE}mnOQIBK�vwXS^nE�k/NEIH^nGJ�HXSO E<a(I�~}EHKU\�EH^�m�N� LS�(�JEHK�£F^:EHGRIBKoL8NIHKnOcGJLSIHKoKnXSLb�(a(k/NE}^nGJIHKo£�XxK�NIqXbKPm�E}K
Kb�EHIck(XbmnXSLbm:EHk�EHK�EHIxa8N� ~BXS�8k]IcOQEH^bA
W¶^nEHk(G E��LH�EHIeL NIBKnOcGJLSEe\(^nGRO NE}^nG EFLSIBOc\ �IBX[£¤KPXMk(X�\�EH^�m�N� LS�(�JEHK LtE}^n^nXb�6EHk�E}K��6\(^PGJa(LbGJ\�EH�ROQXba6m:X

\]^nIHmS�IBXSK � OQEHGJK/k(X ªBp"! � ��XSK�m�EHa(k]I�\(^nXbKnXba�mnXSKoXbO�OcXSa]IB^�¬���E}a�mnGJk�E}k(X�k]XS�]mnXS^S�IHXSK�� aeN�(LS�RXSIBK
E�m?NIBOcGJLbIBK&LbIBO$#&% ���(Xb�JXSL m:^b�IBXSK �(\�IHKnGRmn^S�IBXbK�XUEHa6m:GR\(^nIHmS�IBXSKbA �«EH^�m�N� LS�(�JEHKMa(Xb�]m:^nEHK � vwIHmS�IBXSK�X
a]XS�]mn^nGJa]IBK	�MXSK�mt�EHIxm�E}O�³ NXSO \(^nXbKnXba�mnXSK�a(IBK/^:EHGRIBK�L8NIHKnOcGJLSIHKSA
¡�E ·��B�(^nE�@BAR@UE}\(^nXbKnXSa6m:E�£¤KPXoI¨XSKn\�XSL m:^PIcXbO´Xba(XS^P�BG E k]Xe~MNE}^nGJIHK&a�N�(Lb�JXSIHK&\(^PXSKnXba6m:XSKFa(IBK

^nEHGJIHK�L8NIBKPOQGRLSIBK�\(^PGJO NEH^nGRIBKSA
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�BEH��NEHL m:GRLSIBK�IH� X[Z+m:^:E�£¤�6EH�tNEHLbmnGJLbIBKSA jeKcOcXSLSEHa(GRKnOcIBK�k(Xq\(^PI�k(���LH�EHI XqEHLbXS�JXb^:E��L}�EHI k(X<^:E}GJIBK
L NIBKnOcGJLbIBK¨�6EH�tNEHLbmnGJLbIBK X<X[Z�mn^:E�£ �6EH�tNEHLbmnGJLSIHK�a �EHI KS�E}I�E}GJa(k�E ¥]I �PX<³�XbO�LSIHa(¥(XSLbGJk(IHKSA �)a6m:^PX
E}K�IB^PGJ�BXba(K�EHk(OcGRm:GRk�EHKoLbIBOQI\�IBKnKSN� ~BXbGJK�\�EH^:EqXSK�m�E ^nEHk(GJE��LH�EHILSIHa�m:EHO¨£¤KnXQEHKTX Z�\(�RIBKS�IBXbK k(X
KP�(\�XS^na]I�~}EHKFXTEHK/LSIB�RGJKb�IBXSK�k(XUa��]~HXSa(K�k(XU� NEHK�GJa6mnXS^nXbKPmnXS� E}^ 
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\�XS^PG`_Xba(LSGJEHK�k(X k(XbmnXSL��L}�EHI k(X ^nEHGJIHKQL NIBKnOcGJLbIBK�XbO ³(EH�`�IBXbK�X KnE}m�NXb�JGCm:XSKca(I KPXS�B�(GROQXba6m:I k]I
mn^:EH³(EH�J¥(I¨\]GJIBa(XbGJ^PI¨k(X � XSKPKSA
W�X Z�\�XS^nG`_XSa(LbG E Wod f 
 s �F^PXSKn�]�Rm�E k(X�(OQE ~}EHK�m�E�LbIB� E}³�IB^nE��LH�E}I GRa6m:XS^Pa�EHLbGJIBa�E}��XmnXSO

LbIBOcIcIH³ �PXSL m:GR~HI�E¨k(X m:XbL��LH�E}I�k(XU^:E}GJIBKML NIBKnOcGJLbIBK/LtEH^P^nXb�6EHk(IBK�\]^nGJO NEH^PGJIBK a(IQXbKn\�E��LSI(A
¡FIr_EHO�³(GCm:I k(XSK�m�E X[Z�\�Xb^nG`_Xba(LSGJE vwIBG/LbIBa(KPmn^n� N� k�E �(OQE \(^nGROQXbGJ^:E�~BXb^nKb�EHI k(I�k(XbmnXSLbmnIB^��

k]XSKnGR�Ba�EHk(EqWed f p]@ 
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@tpk(GJEHKTE³�IB^Pk(Iqk(I�~}EHGC~ NXbO a(IB^�m:X[£ EHOcXS^PGJLtE}a(IqµeGJKPLSI�~BXb^�
 � OcGJKPKS�EHI�f �Ff�£¤ª]@ �[A�jgmnXSOc\�I
X vwXSL m:GR~HIxk(XUEH¬��(GJKPGP�L}�EHI¨k(Xok�EHk]IBK�vwIBG k(XoLbXS^PLtExk(X¨@�pBp�¥(IH^:EHKbA ¡�E�·��B�(^nE�@BA ���(Wod fqp�@�NXoI
IH³ �PXSL m:Ica�Ec\(EH^PmnXem:^:E}KnXSGR^:E¨k(Ic\�IH^S�EHI(A
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�¤OcXSk(GJE}m�E}OQXba�mnX�E}³�EHGCZ�I�k(IBK \]� EHa(IHK�GRa]vwXS^PGJIB^PXSKTk(I �Fj�� Xba(LSIBa6mn^:E�£ KnX�I�k(XbmnXSLbmnIB^�k(X
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��I�k]IeIek(X m:XSL m:IB^«KnXS^(NE�GJa]KnXS^PGJk(I�a��(O�E�XSKPmn^n�]mn�(^:E�k(XMKn�]\�IB^�m:X �Bk(XSKPGJ�Ba(EHk�E���f(f � �Fa(GJ¬��(X
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Figure 4. Detector cell including PMT, front end
electronics, light guide matrix and (half) housing
shell. The cell fits inside a shielding tube (not
shown).

matsu [7], which individual anode size is, al-
though not the optimum value, the smallest
compatible with a realistic design. The chro-
matic range is limited at short wave lengths by
the Borosilicate window cutoff of the PMTs.
• Front end electronics : It is based on a spec-
troscopy chain involving a charge preamplifier. A
track-and-hold system allows the 16 channels of
the PMT to be multiplexed, encoded in sequence,
and read by the DAQ system [9].
• Photodetector modules : A module includes
a matrix of light guides coupled to a PMT, con-
nected to its socket and front end electronics
readout. These elements are enclosed in a plastic
shell as shown on fig 4.
• Radiators : The final choice for the radiator
hasn’t been fixed yet. However in the currently
considered solution two radiators would be used:
A small patch, ≈ 25x25 cm of Sodium fluoride
(NaF, 5 mm thick) in the central region of the ra-
diator area, and Silica aerogel with index n=1.03,
30 mm thick, over the rest of the area, would al-
low to cover the range in momentum between
about 1 and 12 GeV/c per nucleon.

Figure 5. Matrix of the 96 detector cells of the
second generation prototype in its testing environ-
ment.

3. PROTOTYPES

Prototypes have been built to investigate the
performances of the counter for velocity and
charge measurement. The velocity resolution
results from contributions arising from radiator
chromatism, radiator thickness, and ratio of pho-
todetector pixel size over drift distance, which
have to be balanced for an optimized design (see
[3] for details). The study of a first genera-
tion prototype has been completed two years ago
[4] and the second generation which incorporates
most of the final detector elements, is currently
being tested. Both counters were operated in a
setup including 2 plastic scintillator paddles to
define the geometrical acceptance and for trigger
definition, and a simple tracker based on a set of
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