
���������
	���
�����
�������	�������� �!�"�

#�$�%'&�(*)�%'+,)
-/.�0 )�1325476
856:9�13)�; - <>=@?BA3A &C8D47472 0 85$C2E9�%'8 .

F5G,H�IKJMLONQPMJRI�SKG�T�I�UWVXIZY'J[Y�\7Y^]D_CV7J[`,T�aKIKJ[YcbNdY5eXafT�JWgh\cajid]3klT�aKmnNQV,H

oqpsrutwv�xXx/yMz�{�|X}h~��/��{Q���c~���~�}h�E~���yM��~Z���l{���o��3�l��zj�����h�hyM�X���h�7�Z�M~Z�c��zK�7yM��zj�K���X�����h��~�yM�
�E�c�R{���yMzK~��:�h~Z~Z��yM�X~Z�R{,zj��yM���"�X�c���d�7�Z�M~Z�c��zK��{��K��~���yM�7�u{,�X���X{c�d���c��zK�E~Z���K���czK���c�����XzKyM�X�/��{c�d���c�
� ~�{,��zZ�7���X~���{,yM�/�,�O{������C���X~ oqpsrutwv�xXx�zK�XyM� �7���7zKyM�Zz¡�7���c����{,�¢yMz����X~���~�{,zK�h��~Z��~Z�������£���X~
�X~Z�MyM�Zy¤�^�¥�Z�c���K��y � �h��yR�,�:�,�@���7~��c�M�X�,�Xz����u���X~��d�X�Z�M~Z�,�:zK�XyM��¦�§©¨"�����7yMz�ª���{�����yM�W�¥yMz"{,�Z��~ZzKzKy � �M~
« yR{©���X~��X�7�,���,�7¬­�c�M�X�,�7¬'�®�7zKyM�c�B�7�����Z~�zKz ¯@�XyM�f�B��{�� � ~"zK~Z�M~Z�f��~�� � � �c�E~Z�B����{����°�7���d�h�X����yM�,�����
�7���d�7�7����yM�c�����D�X{c�d���c����{�y¤��z�¯@y¤���B�±{Q���c~��K��{,�Xz « ~���zK~����c��~Z����{h�X���X~�zK�XyM���7�d�hzKyM�Zzl�7���,�,��{,�°�,�
oqpsrutwv�xXx�yR�7�Z�M���h~Zzl{,�MzK����~�{,zK�h��~Z��~Z����z¡¯@y¤���B{"�K��{,�7z « ~���zK~Z�¤�/�E�c�R{���yMzK~�� ��{Q���c~��������X~ZzK~�{��R�M��¯
���©��~�{,zK�h��~����X~��K��{,�Xz « ~���zK~szj�K���X�����h��~ �®�7�X����yM�c�w�

oqpsrutwv�xXx��X{,zC�7�����@�7�Q¯:zK�X�Z�Z~�zj�®�X�M�¤�s|��7yMzK�X~�� ���7��~�~5���7�Xz�¯@y¤���"{l�"�X�,� � ~�{,���,�w²�³,´ µ�~Z¶
{,����{@�M�c�X�,y¤�����7yM�X{,�M�¤���E�c�R{���yMzK~���·�¸�yM¹º��{����c~f��yM�����7~5�O~�{���z3»�´c´c»d¦c»,´,´c¼�{�����»,´,´,½h�cvl�s� « ~�� « yM~�¯¾�,�
���X~¡�7���7zKyM�ZzC{c�X�d��~ZzKzK~�� � �s���X~¡�"�X�,�s�7���c����{,�u¦Q¯@y¤����{���~Z���7��{�zKyRz£�c�����X~q§�¨s¿c¨���~�{�zK�7��~Z��~Z���
¯@yR�M� � ~��h��~ZzK~Z����~��������X~�zj��{Q���Xz��,�q���X~�{���{��M�hzKyMz����q���X~��XyM�,�uÀEÁÂ��{,�h���,�:��{�yM��zZ¦C�c�E~Z�:����{Q���u¦
�R�,�X�,yM���X�7yM��{��C{����n�K��{��Xz « ~f��zK~�{,zj�h����~��K��yM~Zz�¯@yM�M� � ~���~ « yM~�¯¡~��w�

Ã Ä�ÅCÆ�Ç�È3É¡ÊDËhÆ,Ì­È£Å�Í¡Î�Ï¡ÐÒÑ¾Ê¡ËhÓWÐ�È�ÅÕÔ3Ö¡ÌWÅ

×KØºÙhØºÚÛØ7Ü�Ý�Ú±ÜfÚÛÞhß�à�Ú®á�Ü�Ý�â�ß�Üfãwß/äfà�Ú±ØÒådæ�Üfã�ß/Ø�ÝwáQçÛß�å7Ø¾ÚÛä�á�Ùhâfâ�Ú±ßcè¥éXê¥Ú±Ü�ä"ÞOÙhç±ß,ØwáQß/ë7Ý�Ùdâ�ì�ä,í
î ãwß�ÙhØwÙdçÛêEä�Ú®ä5åhæ�Ù�ïEÚ®ÙdçXð�Ù�Üfâ�Ú±ï©ß,ç±ß,ðuß�ØXÜ�ä¡ådæ�ñ�ßcÙdì©éwÙdâ�êhå7Ø�èEß,á,ÙOêEäDäfã�å�ñ�ä,ò�Ü�ãwÙ�Ü¡Üfã�Ú®ä�áQå7Ø7Ü�âfÚ±ó
éwÝEÜfÚÛåhØ/ÚÛäDâfßcèEÝwá�ß,è©Ü�å"Ùdé£åhÝ�Ü�ô7õXöÕÚRæ�Ü�ã�ß ä�ßcÙ�ëXÝwÙdâ�ìEä5ÙhâfßlÙ7äfäfÝ�ðuß,è�Üfå�é£ß�Ý�Ø�à£åhç®Ùdâ�ÚÛäfß,è�íO÷�ÝEÜ
Ü�ã�ß�èEß,ß�àuÚÛØ�ß�ç®Ùhä�ÜfÚ®ásäfá,Ù�ÜfÜfß�â�ÚÛØ�øBù­ú"×�û�ü�ß�ï�à£ß�â�ÚÛð ß,ØXÜ�ä�ùWýlþ
ÿ��hûEþ
ÿ"ò7û�����ÿ"ò���ý	��þºý�û�ü�â�ßQó
Þ7ß,Ùhç±ßcè�Üfã�Ù�Ü Üfã�ß�á�åhØXÜfâ�Ú±éwÝEÜfÚÛåhØ�ådæ3Ü�ã�ß�ë7Ý�Ùdâ�ì�ä�Ü�ånÜ�ã�ß©ØXÝ�áQçÛß�åhØ¥ä�àwÚ±Ø¥ÚÛä ß,Þhß,Ø�äfðuÙhç±çÛß�â�ñsÚ±Üfã
å7Ø�çÛê�
7õXö�ò�ÙhØwèºÙ�ä�Ü�â�ÙhØ�øhßnëXÝwÙhâfì:áQå7ØXÜfâ�Ú±é�Ý�ÜfÚÛåhØºáQå7ØwäfÚÛä�Üfß,Ø7Ü�ñsÚRÜ�ã
��ß,âfå������^í���å�ñ�ß�Þ7ß�â�Ü�ã�ß
ÚÛØXÜfß,âfà�â�ßQÜZÙ�Ü�Ú±å7Ø/åhæ�ú"×�û â�ß,äfÝ�çRÜZäqÚ®äqØ�ådÜ�ñsÚRÜ�ã�åhÝEÜ�ÙdðnéwÚ±ø7Ý�ÚRÜ�ê/ÚRæCÜ�ã�ß�ã�ß,ç±Ú®áQÚ±Ü�ê/á�åhØXÜfâ�Ú±éwÝEÜfÚÛåhØuådæ
Ü�ã�ßnø7ç±ÝwåhØwä�Üfå�Ü�ã�ßnØ�Ýwá�ç±ß,åhØºäfà�Ú±ØÒÚÛä"ä�Ú��,Ùhé�ç±ß7í�î ã�ß,âfß�æ'åhâ�ß©Üfã�ß/ðuß,ÙhäfÝ�â�ß�ðuß�ØXÜ�åhæqÜfã�ßnøhçÛÝ�åhØ
à£åhç®Ùdâ�Ú®äfÙdÜfÚÛåhØ3ò�������� ÚÛälådæ�éwÙhäfÚ®ásÚ±ØXÜ�ß�â�ß,ä�Ü�ÙdØwè�Üfã�Ú®ä@ðuß,Ù7ä�Ýwâfß,ð ß,ØXÜlÚÛälà�â�ß,äfß�ØXÜfçÛênÜ�ã�ß�ð�ÙhÚ±Ø
ø7å7Ùhç£åhæDÜ�ã�ß/ÿ���þ
����û�ûBß�ïEà�ß,âfÚÛðuß�ØXÜ��  !�^í

" Î�Ï¡Ð�#%$'&)(	*¥Ô¡Ô,+.-�ÖlÐXÇ�Ì0/�ÐXÅCÆ
ÿ���þ1���"û�û�Ú®ä5Ù32wï�ßcè�ó^Ü�Ùdâ�øhß�Ü3ßQïEà£ß�â�Ú±ðuß�ØXÜ5çÛåEá�ÙdÜfß,ènÙ�Ü3Ü�ã�ßlð/Ý�åhØ�é£ß,Ùhð/ójçÛÚ±Ø�ß�þ1  ådæEÜ�ã�ß

ÿ�ý	�54só�û���û¾Ùhá,áQß�çÛß�âZÙ�Ü�åhâcí�î ã�ß ðnÝwåhØºé£ß,Ùhð ß�Ø�ß,âfø7ê¥Ú®ä©áQÝ�â�â�ß�ØXÜfçÛê6�,ôhõ87�ß�9ní3î ãwß/é£ß,Ùhð
ÚÛØXÜfß,Øwä�Ú±Ü�ê ÚÛä@Ùhé�å7ÝEÜ: .;<�,õ�=�ðnÝ�å7Øwäqà£ß�â�äfà�ÚÛç±çwådæ�>wí ?�ä@ß,Þhß�â�ê<�cô�í ?�älñsÚRÜ�ãBÙ�à£åhç®Ùdâ�Ú@�cÙ�ÜfÚÛåhØ ådæ
Ùhé�å7ÝEÜBA�ô�ö�íwî ã�ß�ÜZÙdâ�øhßQÜsÚ®ä�Ù Ü�ñ�ådóKáQß,ç±ç3äfåhçÛÚÛèEójä�Ü�ÙdÜfßDCE�5ÚÛú Ü�Ùhâfø7ßQÜ,òEà£åhç®Ùdâ�Ú®ä�ßcè�é�ê¥ú�ê�ØwÙhð Ú®á
4�ÝwáQçÛß,ÙhâF��å7çÛÙhâfÚ®ä�Ù�ÜfÚÛåhØ Ý�à ÜfåHGI>Eö ÙhØwè�ñsÚ±Üfã Ù�èEÚÛçÛÝEÜfÚÛåhØ æ­Ùhá�Ü�åhâ¥ådæ/Ùhé�å7ÝEÜ�>7õXö�í5�"Ý�â
çÛÝ�ðuÚÛØ�å7äfÚRÜ�ê�ÚÛäKJLG�;��cõ�MON3áQðFP�NEQ�P�R�í

SUTWVYXOZO[]\_^ [a`]b]c	de[Efhgjiabh^![ak�lUZema\on XY\Yprqs[E^ t!u]u.vxw]y]yau�z_p�{�fh|h|h^}t�~ � �



�������3�5�_�}���

Gem
Scifi

MicroMeGas
SciFi
SDC

Silicons

Target

MWPC

Straws

MWPC
GEM
SciFi

GEM
SciFiRICH

Filter 2
Hadron−

Hadron−

Inner
Trigger

Trigger
Inner

Ladder
Trigger

Middle
Trigger

MWPC

Trigger
Ladder

Middle−Trigger

Trigger
Outer

SDC

SciFi

Outer
Trigger

Veto
Trigger

(Topview)

W4/5

Calorimeter2
Muon−

Calorimeter1

Leadwall

SM2

SM1

(Drift−Tubes)
MW2 

(Iarocci−Tubes)

Muon−Filter 1

MW1

50 m0 10 20 30 40

x

z

µ−

COMPASS Layout 2002

Beam

� yM�h�£²c��xh���X~Z��{Q��yM� « yM~�¯ ���C���X~soqpsrutwv�xXx�~�}h�E~���yM��~Z���

ÿ���þ1���"û�ûÂÝ�ä�ßcänÙ¾Ü�ñ�ådóKä�Ü�Ùdø7ßuæ'åhâ�ñ�Ùhâ�è>äfà£ß,á�Ü�âfå7ðußQÜfß,â8� 
I�jò¡äfã�å�ñsØ�ÚÛØ��¡ÚÛøwí� Eí�÷�åhÜfã
ä�Ü�Ùhøhßcä�á�åhØwäfÚ®ä�Ü©ådæ Ù�é£ß�Øwè�Ú±Ø�ø:ð�Ùdø7Ø�ßQÜ�ñsÚ±Üfã
ÜfâZÙháZì�ÚÛØ�ø�ä�Ü�ÙdÜfÚÛåhØwä©ÚÛØÒæ'â�åhØXÜ�ÙdØwè
é£ß�ã�ÚÛØwè
ÚRÜcò
à�ÙdâfÜfÚ®áQçÛß�Ú®èEß�ØXÜ�Ú�2�á,Ù�Ü�Ú±å7Ønà�â�å�Þ�ÚÛèEßcè�é�ê�á�Ùhç±å7âfÚÛðußQÜ�ß�âZä�òcÙK�sÚÛØ�ø©×Kð�Ùdø7Ú±Ø�ø�ÿ�ã�ß�â�ß�Øwìhå�Þnÿ�åhÝ�ØXÜ�ß�â
ù��s×fÿ:�"ü3Ú±Ø�Üfã�ß�2wâ�ä�ÜDä�Ü�ÙhøhßhòcÙdØwè�ÙhØ�ÚÛâfå7Ø©Ùhéwäfåhâ�é�ß,â�æ'åhâDðnÝ�å7Ø�ÚÛè�ß�ØXÜfÚ@2�á�ÙdÜfÚÛåhØ3ícî ã�ßlð�ÙhøhØ�ß�Ü�ä
ã�ÙOÞhßlÙ"é�ß,ØwèEÚÛØ�ø�à£å�ñ�ß�â¡ådæ�������î ð ÙhØwèD>�� >�î ð¥í�î ã�ß:�s×fÿ:��à�âfå�Þ�Ú®èEß,ä¡Ù.���B��ä�ß,àwÙdâZÙ�Ü�Ú±å7Ø
Ýwà�Ü�å�>7õ67�ß�9D��ádí�î ã�ß¾å�Þhß,â�Ùhç±ç áQå7ðné�ÚÛØ�ß,è Ù7á�áQß,àEÜ�ÙhØwáQß¥ådæ�Üfãwßºä�à£ß,áQÜfâ�åhðußQÜ�ß�âBÙdØ�è�Ü�ã�ß
àwâfßcä�ß,Ø7Ü�ç±ê�Ýwäfß,è�û�þ
ÿ°Ü�Ùhâfø7ßQÜnð�Ùdø7Ø�ßQÜ/ÚÛä%A�õ¾ðuâZÙhèÂÚÛØ�à�å7çÛÙhâ/ÙhØ�øhçÛßhò5æ'Ý�ç±çsÙ7á�áQß,àEÜ�ÙhØwáQß�Ú±Ø
Ù���ÚÛðnÝEÜ�ã3í�î5âZÙháZì�ÚÛØ�øBÚ®ä�àwâfå�Þ�Ú®èEß,è¾é�ê¾èEÚ@�£ß,âfß,ØXÜ"Ü�ê�à£ß,ä�ådælèEß�Üfßcá�Üfå7â�ä,íCî ã�ß/é£ß,Ùhð âfß,øhÚÛåhØ¾Ú®ä
á�å�Þhß,âfßcèné�ê/ä�áQÚÛØXÜfÚÛç±ç®Ù�Ü�Ú±Øwø�2wé�â�ß�ã�åEèEå7ä�áQå7à�ßcäqÙdØwè�äfÚÛç±Ú®áQå7Øuè�ßQÜfßcá�Ü�åhâZä�í7ûEðuÙhç±ç£ÙdØ�ø7ç±ß�Ü�â�Ù7áZìXÚÛØ�ø
Ú®ä�à�â�å�Þ�ÚÛè�ß,è�éXê þ¾Ú®áQâ�åhðuß,Ùhø7Ùhä,ò�7©ÙhäBýlç±ßcá�Ü�âfå7Ø þ¾ÝwçRÜ�Ú±à�çÛÚÛß�âZäÒù�7©ý�þºäZüuÙdØwè þ¾Ý�ç±ÜfÚK��Ú±â�ß
�lâfå7à�å7â�Ü�Ú±å7ØwÙdç�ÿ�ãwÙdð/é�ß,â�ä�ù­þ
����ÿ�äZü�í���å7â¥ç®Ùdâ�øhß
ÙdØ�ø7ç±ß
ÜfâZÙháZì�ÚÛØ�øwò�çÛÙhâfø7ß
áQå7Ø�Þhß�ØXÜ�Ú±å7ØwÙdç
ú"â�ÚRæ[Ünÿ�ãwÙdð/é�ß,â�ä/ùY�! dõ';6�r hõhá�ð N ü�ÙhØwè¾èEâ�ÚRæ[Ü�ÜfÝ�é£ßuáZãwÙdð/é�ß,â�ä�ùWä�Ü�â�ÙOñ�ä,ò�
U dõ';1 �>7õ�á�ð N ü
Ùhâfß©Ýwäfß,è3í

� #�$<&)(�*:ÔDÔ,(�Ï����cÌ­Ë��<(©Ç�È���ÇI�s/�/�Ð£Í5Ñ¾Ê¡ËhÓWÐXÈ£ÅÕÔ�Ö�Ì­ÅÕÔ3Æ�Ç�Ê¡ËdÆ,ÊDÇ�Ð

î ãwß�ð�ÙdÚÛØ¥ø7å7Ùhç3ådæ�Üfãwß ÿ���þ
���"ûwû¥ßQïEà�ß,âfÚÛðuß�ØXÜ"ÙdÜ�à�âfßcä�ß,ØXÜ�ÚÛä�Üfã�ßnð ßcÙhäfÝ�â�ß�ðuß�ØXÜ�ådæ
Ü�ã�ß¾øhçÛÝ�å7Ø�à£åhç®Ùdâ�ÚÛä�Ù�Ü�Ú±å7Ø �����I�uí@×KØ ÙhèwèEÚRÜ�Ú±å7Ø Üfå�Üfã�Ú®äuñ�ß¥ã�ÙOÞhß:Ù
éwâfåXÙhè�äfà£ß,á�Ü�âfÝwð ådæ
ðußcÙhäfÝ�âfß,ðuß�ØXÜ�ä�ÝwäfÚ±Øwø�Ü�ã�ßuðnÝ�å7Ø
é£ß,ÙhðF¡Cßcä�à£ß,á�ÚÛÙhç±çÛê¾Üfãwß ðußcÙhäfÝ�âfß,ðuß�ØXÜ�åhæ@Üfãwß ÚÛØwá�ç±ÝwäfÚÛÞhß
Ù7ä�ê�ðuðußQÜ�âfê¢�B£R ÙdØ�è�Ü�ã�ß©ÜfâZÙdØ�ä�Þ7ß�âZä�Ú±Ü�ê�èEÚÛä�Üfâ�ÚÛé�ÝEÜfÚÛåhØ5í

�  SUTYVYXOZrtIdEt�lUZOmO\etru]u.v¤w]y]yau�z



¥h¦ �}§B¨�©]ª!��������«¬�j­@©�®�¯�°D¨�± ¥!¥

� yR�h��»��%²syM�X~Z��{Q��yM����{,�7�c~s�,�Doqpsrut�v�xXxn���C���X~�»�´c´c»"��~�{��]³ zl�X{Q��{�´�µr¶,´�·�²�´,·�~ « ~Z����z�¯@y¤����{,�
yM�7�Z�c��yM�X��{,�X� {�zK��{Q�K��~���~��u�"�X�c�¬¸7»E¹�·�²�´ · yM�X���R�7zKy « ~s~ « ~Z����z�¯@y¤���'º.»	¼�²Qµ�~Z¶3»

½¬¾x¿ À.ÁÃÂ<ÄeÅ�Æ!ÇjÈ�É]Ê@Ë�Â8Ì�ÉaÍÃÎ�Î8Â�ÏaÐhÍ
Ì�Ñ Ò.ÓUÅ�Ô1Õ Ò
ý@ïEà�ß,âfÚÛðuß�ØXÜ�Ùhç±çÛêÂñ�ß�ø7ÙdÚÛØ�Ù7á�áQßcäfänÜfåÂäfà�Ú±Ø�ßh�Cß,á�ÜZä Ú±Ø ú�×�û�é�ê�ðußcÙhäfÝ�âfß,ðuß�ØXÜ�ä/ådæ"Ù7ä�ê�ð ó
ðuß�Üfâ�Ú±ßcä�í3ÿ�åhÝ�ØXÜ�Ú±Ø�ø�Üfãwß ú"×�û¾ß,Þhß�ØXÜZä�ñsÚ±Üfã
àwÙdâZÙdçÛç±ß,ç¡ÙhØwèºÙhØ7Ü�ÚRójàwÙhâ�Ùhç±çÛß�çDé�ßcÙdð�ÙdØ�è¾Ü�Ùhâfø7ßQÜ
à£åhç®Ùdâ�Ú®äfÙdÜfÚÛåhØ3òUÖØ×a×�ÙhØwè<ÖØ×aÙXò7ñ�ß�øXÙdÚÛØBÙhá�á�ß,ä�äqÜ�å�Üfãwß�äfà�ÚÛØ�ä�Ü�âfÝ�á�ÜfÝwâfßsæ'ÝwØwá�Ü�Ú±å7Ø<Ú R ù0ÛÝÜaÞ N üQí

�
ßHà�á!â_ãeä�åKàÝæ0ãOç¤èOâ�æ

ÖØ×aÙK�éÖØ×a×
Ö ×aÙ�ê Ö ×a× ë ì5í�îeï�ðDñR ò

Ú R ù¤Û�ÜOÞ N üó R ù0ÛÝÜOÞ N ü
ñsÚ±Üfã
ß
¡�èEß,à�å7çÛÙhâfÚ®äfÙdÜfÚÛåhØ�æ­ÙháQÜfåhâcò¬à�á!â_ãeäBÜeàÝæ0ãOç¤èeâ�æh¡�é�ßcÙdð ó�ÙhØwè¥Ü�Ùhâfø7ßQÜsà�å7çÛÙhâfÚ®ä�Ù�ÜfÚÛåhØ5ò�åô¡wèEÚ±ó
çÛÝEÜ�Ú±å7Ø�æ­Ù7á�Ü�åhâ�ÙdØ�è8ó R ù0ÛÝÜaÞDN,ü�Ú®ä Üfãwß�ä�à�ÚÛØEójÚ±Ø�èEß�à£ß�ØwèwÙdØXÜ�ä�Ü�âfÝwáQÜfÝ�â�ß�æ'Ý�ØwáQÜfÚÛåhØ3í
î ãwß�Ú±Øwá�ç±Ý�ä�ÚÛÞhß�Ùhäfê�ðuð ß�Üfâ�ê�ù0�¡ÚÛøwíô
�í¤ü�� £R ñ Ùhä�è�ß�â�Ú±Þ7ß,èÒæ'âfå7ð�Üfãwß%2wâ�ä�Ü�êhßcÙdâ©ådæsè�ÙdÜ�ÙÜZÙdì�ÚÛØ�ø< dõhõU Eí�û�ÚÛØwáQß�Ü�ã�ß�Ø3ò�ñ�ß©ãwÙOÞ7ß�á�åhçÛç±ßcá�Ü�ß,è�æ'åhÝ�âsÜ�Ú±ðußcä ð å7âfß�ä�Ü�ÙdÜfÚ®ä�Ü�ÚÛá,ä�íwî ãwß©ÙhØwÙdçÛêEä�Ú®ä

åhæDÜ�ã�ß�è�ÙdÜ�Ù/æ'âfå7ðõ dõ7õ�
 ÙdØwè� dõ7õ�> ÚÛä ÝwØwèEß�â�ñ�ÙOê7í
î ãwßnç®Ùdâ�øhß�Ý�Øwá�ß�âfÜ�ÙhÚ±ØXÜ�ê¥ådæ�� £R æ'å7âKÛ6ö õ¬� õ�>Båhâ�Ú±ø7Ú±Ø�Ù�Üfßcä æ'â�åhð�ç±ÚÛðuÚRÜ�ß,è¾ì�ÚÛØ�ð�Ù�Ü�ÚÛá,Ùdç�ÙháQß,àEóÜZÙdØwá�ßnåhæ�ÿ���þ
���"û�û�ò£ñsãwÚÛáZãºñ Ùhä"èEß,äfÚÛøhØ�ßcè:Üfå¥Ùhá�á�ß,ä�ä�äfð�ÙdçÛç÷ÞDN/ÙdØwèÒä�ð�ÙdçÛçôÛ5íC×KØé hõhõ�

ñ�ß©ãwÙOÞhß©Ý�àwøhâZÙhèEßcèBåhÝwâ Üfâ�Ú±ø7øhß�â�Ü�åBÙhá�á�ß,ä�ä�çÛÙhâfø7ß�â5Þ N ÙdØwè¥ç®Ùdâ�øhß,â	ÛDí

½¬¾@ø ù,Â�ÓUÉ]ÈÃÐhÂ�Î8Â�Å¬ÏKúüû §©¨s¿c¨
ÿ���þ1���"û�ûÒãwÙhä�ÚÛØÂà�âfÚÛØwá�Ú±à�çÛß Üfã�â�ß�ßuñ ÙOêEä�Ü�å:Ùhà�à�â�å7Ù7áZãé�����I�%¡�ý�ÿ�ú ÙhØwÙdçÛêEä�Ú®ä�òCå7à�ß,ØEó
áZã�Ùdâ�ð à�â�å�è�Ýwá�Ü�Ú±å7Ø¥ÙhØwè�ãwÚ±ø7ãEó�þÃÿÂãwÙhè�âfå7Ø�à�â�åEèEÝwá�Ü�Ú±å7Ø3í
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preliminary

� yR�h�E¼d���^�7�Z�M�XzKy « ~s{�zj�h����~��K�K�nv Ñ Ò �Û���,� ���X~ |7��zj�q��~�{��l���3�X{Q��{"��{��dyM�X��»�´c´c»

½¬¾@½ ����� ÓüÅÃÓUÇ�Í�É]ÊjÉ
	�àºÜ�å�Ø�å�ñ¢ðuåXä�Ü©ådæ@Ü�ã�ß ßQïEà�ß,âfÚÛðuß�ØXÜ�ä"æ'åEáQÝ�ä�ßcèºåhØ�

����������

����è�ß�ß�à
Ú±Øwß�ç®Ùhä�ÜfÚ®á/ä�á�ÙdÜ�Üfß,âfÚÛØ�ø
ñsãwß�â�ßBåhØ�çÛêºÜ�ã�ß�ä�á�ÙdÜ�Ü�ß�â�ß,è�ç±ß,àEÜfå7Ø>ÚÛänåhéwäfß�â�Þhßcè�Ú±ØÂÜ�ã�ß'2wØwÙhç�ä�Ü�ÙdÜfßÒù�� ê Ö������ ê! üQí
î ãwÚÛä©ÙdçÛçÛå�ñ�äsÜfå¥èEß�â�ÚÛÞhß���� æ'â�åhð�Ù<2�Ü©ådæ�Ú R ù0ÛÝÜaÞ N ü�Üfå�à�å7çÛÙhâfÚ®äfß,èºú"×�ûºè�ÙdÜ�Ù�� >��^íC×KØºÜ�ã�ßëXÝwÙhâfìnàwÙdâfÜfå7Ø/ðuåEèEß�ç^òhÚÛØwá�ç±Ýwè�Ú±Ø�ø�ØwåhØEójà�ß,â�Ü�Ý�éwÙdÜfÚÛÞhß.ý�ÿ�ú�ßQï�Ü�ß�ØwäfÚ±å7Øwä,ò�Üfã�ß�äfà�ÚÛØ�ä�Ü�âfÝwáQÜfÝ�â�ß
æ'ÝwØwá�Ü�Ú±å7Ø8Ú R á,ÙdØ¥é�ß�ß�ïEà�âfßcäfäfß,è�é�ê

Ú R ù¤Û�ÜOÞ N ü ë
"�# N�$
 &%(' ï*),+ �.-

ï*) ê ' ),+ ��/ ê '10 + ����2
ñsÚ±Üfã "�# N $ ë4365879;: R # N9 ��<>=Eòô�?- ï*) ¡�Ü�ã�ß�Ø�å7ØEójäfÚÛØ�øhçÛßQÜ�ëXÝwÙdâ�ìÒèEÚ®ä�Ü�âfÚÛé�ÝEÜ�Ú±å7Øwä�ÙdØ�è6�@/K¡�Ü�ã�ßãwß�çÛÚÛá�ÚRÜ�êuáQå7Ø7Ü�âfÚÛé�ÝEÜ�Ú±å7ØuådæCÜfã�ß"ë7Ý�Ùdâ�ì�ä,íXÿ���þ
����û�û/ñsÚ±çÛç�äfÝ�éwä�Ü�ÙhØXÜfçÛê/ÚÛðuà�âfå�Þ7ß�Üfã�ß�ß�ïEÚÛä�ÜfÚÛØ�ø
ñ�åhâ�ç®è/è�ÙdÜ�Ù©å7Ø�Ú R ù¤ÛÝÜaÞ N ü�Ù�ÜläfðuÙhç±ç¬ÛBÙdØwèuäfðuÙhç±çÃÞ N òdñsãwÚÛáZãuÚ®ä@ëXÝ�ÚRÜ�ß�ä�à�ÙdâZä�ß,ç±ê�à£åhàwÝ�çÛÙdÜfßcè�í

½¬¾�A úCBÝÂ�Å6Æ�ÁÃÓ�ÐrÎDB�Ðhú�ÔÃÈ�ÆrÏ]Ê�úüÅ
ÿ���þ1���"û�ûºãwÙhä"æ'Ý�âfÜfã�ß,â©Üfã�ßuà£å7ä�ä�ÚÛé�ÚÛç±Ú±Ü�ê:Üfå¥åhé�ä�ß,âfÞ7ßnàwÙhâ�Ü©ådæ@Ü�ã�ßuãwÙhè�âfå7Ø�ÚÛá�2wØwÙhçqä�ÜZÙ�Üfß�¡� ê ÖE����� ê6FHG�I8JLK <ÝQ êM í3î ãwÚÛä�äfå¾á�ÙdçÛçÛß,è�ä�ß,ð Ú±ójÚ±Øwá�ç±Ý�ä�ÚÛÞhß à�â�å�á�ß,ä�ä©ÙdçÛç±å�ñ�ä©Ù:èEß�ß,à�ß,â
ÚÛØwäfÚ±ø7ãXÜ@Ú±ØXÜfå©Ü�ã�ß�ä�Üfâ�Ýwá�Ü�Ý�âfßsåhæ�Ü�ã�ßsØ�ÝwáQçÛß�å7Ø3íhî¡Ùdø7øhÚÛØ�ø�Ü�ã�ßsãwÙ7èEâfå7Ø3òdñsã�Ú®áZãuåhâ�øhÚÛØwÙ�Ü�ß,è�æ'âfå7ð
Ü�ã�ß©äfá,Ù�Ü�Ü�ß�â�Ú±Øwø�à�â�å�á�ß,ä�ä�ò7à�ß,âfðuÚ±Ü�älÜfå/ÚÛèEß,ØXÜfÚ±æ'êuÜfã�ß©ä�Ü�âfÝ�áZì/àwÙhâ�Ü�åhØ3íü�Õø7ç±ÝwåhØBàwÙhâ�Ü�ÚÛá�Ú±à�Ù�ÜfÚÛØ�ø
ÚÛØ
Ù¥èEß,ß�àEójÚ±Øwß�ç®Ùhä�ÜfÚ®á�à�â�åEáQß,ä�ä�Þ�Ú®ÙBÜ�ã�ß à�ã�ådÜ�åhØEójøhçÛÝ�å7Ø¾æ'ÝwäfÚ±å7Ø�ù
N>O ê ÚP�Q- êSR-dü/ù0�¡ÚÛøwí�>wí¤ü
á,ÙdØ�Üfã�ß,âfß�æ'åhâ�ß©é�ß�Ú®èEß�ØXÜ�Ú�2wßcè¥éXê�ÚRÜZäsãwÙhè�âfå7Ø�ÚÛáK2wØ�Ùdç3ä�Ü�Ù�Ü�ßhí
×KØ�Ü�ã�ßBá�Ù7ä�ß Üfãwß�à�âfåEèEÝ�áQß,èÂëXÝwÙhâfìEä©Ùdâ�ß�áZãwÙdâ�ð ëXÝwÙdâ�ìEä"Üfã�ßBàwâfåEáQßcäfä©á,ÙdØÂé�ßuÜZÙdø7øhß,è

é�êÂÜ�ã�ß¾åhéwäfß�â�Þ�Ù�Ü�Ú±å7Ø�ådæ©áZãwÙdâ�ðuß,è�ã�ÙhèEâ�åhØwä,íqû�Ú±Ø�áQß¥Üfã�ß,âfß:Ú®ä Ø�åÂÚ±ØXÜfâ�ÚÛØwä�Ú®á¥áZãwÙdâ�ð�ëXÝwÙdâ�ì

� > SUTYVYXOZrtIdEt�lUZOmO\etru]u.v¤w]y]yau�z



¥h¦ �}§B¨�©]ª!��������«¬�j­@©�®�¯�°D¨�± ¥!¥

q

γ*

N

X

q

g

µ
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� yR�h��½7�����X~��X�7�,���,�7¬­�c�M�X�,�u�®�7zKyR�,�B�7�����Z~ZzKzZ�w���7~"yM�7�ZyR�7~Z�������X�,��{,�X� ���X~s��{����,~�� �d�7�Z�M~Z�c�B{Q��~
�E�,�R{���yMzK~��w�

ÚÛØ�Ü�ã�ß¥à�âfåhÜfå7Ø�ÙdØwè�Üfã�ß¥à�â�åEèEÝwá�Ü�Ú±å7Ø�åhæ"áZãwÙdâ�ð ëXÝwÙdâ�ìEä�ÚÛØ�Üfãwß�æ'âZÙdø7ðuß�ØXÜ�ÙdÜfÚÛåhØ>à�â�åEáQß,ä�ä
Ú®ä©ä�Ýwà�à�â�ß,ä�ä�ßcè�ò�Ü�ã�ß/å7éwäfß�â�ÞOÙdÜfÚÛåhØºåhælÙ�áZãwÙhâfðußcè¾ãwÙhè�âfå7ØÒáQçÛß,ÙhâfçÛê�ÜZÙdøXä�Ü�ã�ß/àwã�ådÜ�åhØEójøhçÛÝ�åhØ
æ'Ý�ä�ÚÛåhØ¾à�â�åEáQßcäfä,í��"ØºÙOÞhß,â�Ùhøhß��hí} uúUT�å7â Rú�TnÙdâ�ß�à�â�å�è�ÝwáQßcè�ÚÛØ:Üfãwß�æ'â�Ùhøhðuß�ØXÜZÙ�ÜfÚÛåhØ:åhæ¡Ü�ã�ß
àwã�ådÜ�åhØEójøhçÛÝ�åhØÒæ'ÝwäfÚ±å7Ø�àwâfåEáQßcäfä,í3î ã�ßBú T á�ÙhØ
é£ß�èEß�Üfß,áQÜfßcè
Þ�Ú®Ù:ä�ß,Þhß�âZÙdçqèEßcá�ÙOêÒáZã�ÙdØ�Ø�ß,çÛä,í
î ãwßnðuå7ä�Ü�àwâfå7ð Ú®äfÚ±Ø�ø�åhØ�ß/ÚÛä�ú T �QV P ê �XW í�×jÜ©Ú®ä�à£å7ä�ä�ÚÛé�çÛß�Ü�å�äfÝ�à�à�â�ß,ä�ä�é�ÙháZì�øhâ�åhÝ�Ø�è
é�ê�çÛå�åhì�ÚÛØ�ø�æ'åhâBÙdØ ÙhèwèEÚRÜ�Ú±å7ØwÙdç�äfådæ[ÜBàwÚ±å7Ø �ZY�í[	�äfÚÛØ�ø�Üfã�Ú®ä�ðußQÜ�ã�åEè ådæBß\OZó^Ü�ÙhøhøhÚÛØ�ø�ò¡ñ�ß
Ú®èEß,Ø7Ü�Ú�2�ß,è
Üfã�ß�ú T ðuß,äfåhØwäuù0�¡ÚÛøwí�G7ü�æ'âfå7ð Üfã�ß�ú]O�� ú T ê �HY©èEßcá�ÙOêhí3îDå¥ð ßcÙhäfÝ�â�ß/Ü�ã�ß
ø7ç±ÝwåhØ¾à£åhç®Ùdâ�ÚÛä�Ù�Ü�Ú±å7ØØ������� åhØ�ß�ã�ÙhäsÜ�åBðuß,Ù7ä�Ý�â�ß�Ü�ã�ß/èEå7Ý�é�çÛßnäfà�Ú±Ø
ÙhäfêXðuðußQÜ�âfê�ådæ��:7��
ß,Þhß,Ø7ÜZä ñsÚRÜ�ã:ØXÝ�áQçÛß�åhØ:ÙdØ�è�çÛß�àEÜ�åhØ¾äfà�Ú±Ø:àwÙhâ�Ùhç±çÛß�ç�ÙhØwè:ÙdØXÜfÚ±ó^à�ÙdâZÙdçÛç±ß,çWí

½¬¾_^ ÁÃÊ;`�ÁZa À�Á ÁÃÓüÔÃÐhú�ÅbB�Ðhú�ÔÃÈ�ÆrÏ]Ê�úüÅ
×KØ:á�Ù7ä�ß"Üfãwß�àwâfåEèEÝwá�ß,è�ë7Ý�Ùdâ�ì�ä�Ùdâ�ß�ç±ÚÛøhãXÜsë7Ý�Ùdâ�ì�ä,ò7Üfã�ßD�	7���à�âfåEá�ß,ä�ä�á,ÙdØ�é£ß�Ü�ÙhøhøhßcèBé�êBÙ
à�ÙdÚÛâ�ådæqãwÙ7èEâfå7ØwäsñsÚ±Üfã¾ç®Ùdâ�øhß�ÜfâZÙdØ�ä�Þ7ß�âZä�ß©ðuåhðuß�ØXÜZÙ�íwî ã�Ú®ä�ãwÚ±ø7ãEó�þ ÿ ðußQÜ�ã�åEè:ÚÛä�ç±ßcäfä�á�ç±ßcÙdØ
è�Ý�ß�ÜfåBáQå7ØwáQÝwâfâ�ß�ØXÜ�é�ÙháZì�øhâ�åhÝ�Ø�è�ä�òXçÛÚ±ì7ß"Ü�ã�ß ý�ÿ�ú¢áQå7ðuàEÜfå7Ø�à�â�åEáQßcäfäfß,ä©ù
N>O ê -1�c- ê Ú�ü
ÙhØwè,dhâfßcä�å7ç±Þ7ß,èed¥à�ã�åhÜfå7Ø�áQåhØXÜ�âfÚÛé�ÝEÜ�Ú±å7Øwä�ñsã�Ú®áZã�ÙhçÛäfå¾ç±ßcÙhè�ä�ÜfåÒÜfã�ß¥áQâ�ß,Ù�Ü�Ú±å7Ø>ådæsãwÙ7èEâfå7Øwä
ñsÚ±Üfã�çÛÙhâfø7ßsÜfâZÙdØwäfÞhß,â�äfß ðuåhðuß�ØXÜ�ÙwíU�wâfå7ð°Ü�ã�ßB hõhõU ©è�Ù�ÜZÙ�ñ�ß�ßQï�ÜfâZÙháQÜfßcè�ÙdØ�Ù7ä�ê�ðuðußQÜfâ�ê Ú±Ø
àwâfåEèEÝwáQÜfÚÛåhØ¥ådæ�ãwÙhè�âfå7Ø�àwÙhÚ±âZä ñsÚRÜ�ã:ã�Ú±ø7ã¥ÜfâZÙdØwäfÞhß,â�äfß�ðuåhðuß,Ø7ÜZÙ ådæ

ì í�î £ ë �Âõs� õhôUGgf õs� õ�
7ôih Y æ0ãWækj l f õs� õs�,õeh Y
mnY ækj l
	�à¾Üfå�Ø�å�ñ Ü�ã�ß/äfêEä�Ü�ß�ð�Ù�Ü�ÚÛá�ß�â�âfå7â�áQåhØXÜZÙdÚÛØwäsåhØwç±ê:ä�Ü�ÝwèEÚÛß,ä"åhØ¥æ­Ùdç®äfßnÙhäfê�ð ðuß�Üfâ�Ú±ßcä�èEÝ�ß�Üfå
ÜZÙdâ�øhß�Ü�ÙdØ�è�äfà�ßcá�Üfâ�åhðuß�Üfß�â ß��£ßcá�Ü�ä,íEî5åuèEßcèEÝwáQß"Üfãwß�ø7ç±ÝwåhØ�à£åhç®Ùdâ�Ú®äfÙdÜfÚÛåhØ¢�����I� æ'âfå7ð Üfã�Ú®ä
Ù7ä�ê�ðuðußQÜ�âfê7ò£Ú±Ü�ÚÛä©Øwß,áQßcäfä�Ùdâ�ê¥Üfå¾èEß�Üfß�â�ðuÚ±ØwßnÜ�ã�ßuæ'â�Ù7á�Ü�Ú±å7ØÒådæ:�	7���ß,Þhß�ØXÜZä�ÙhØwèÒÜfã�ß�ÙdØ�Ù�ó
çÛêü��ÚÛØ�øuà�å�ñ�ß�âsåhæ5Ü�ã�ß �	7���à�âfåEá�ß,ä�ä�Ý�ä�ÚÛØ�ø�þ¾åhØXÜ�ß/ÿ�Ùdâ�ç±å�í
î ãwß�ä�ÜZÙ�Ü�ÚÛä�ÜfÚ®á�Ùhçwß�â�â�åhâZäqñ�ß"ÙdØXÜfÚ®áQÚÛàwÙ�Ü�ßsæ'â�åhð Üfã�ß"åhà£ß�ØBáZãwÙhâfð à�â�åEèEÝwá�Ü�Ú±å7Ø�ß�Þ7ß�ØXÜ�ä�ÙdØwè

Ü�ã�ß�ãwÚ±ø7ã þ�ÿÒãwÙhèEâ�åhØ�ß,Þhß,Ø7ÜZäqæ'å7â@Üfãwß"ê7ß,ÙdâZä� hõhõ� "Ü�å  dõ7õ�>�è�ÙdÜ�Ù�Ü�Ùdì�ÚÛØ�ønÙhâfß�äfã�å�ñsØ�ÚÛØ¢�¡Ú±ø�í
ôwí
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� yM�7��¶d��o¡�c�M�MyR�7z�{�zj�h����~��K�K���®�����7~Z�O{Q��y « ~�{,�X�/�E�czKy¤��y « ~s�M~�{,�7yM�X���X{c�h���,�Xzl{,zl{"�Û�X�7����yM�c�u���yx

½¬¾_z À÷ÐhÓUÅ�ÉaË�Â�ÐEÉ]Ê@ÏeÍ
îDåuáQåhðuà�çÛßQÜ�ß�çÛêBèEß,ä�áQâ�ÚÛé�ß"Üfã�ß�ëXÝwÙhâfì�ä�Ü�Ù�Ü�ß"åhæ5Ü�ã�ß©ØXÝ�áQçÛß�åhØ�Ù�Ü Ü�ñsÚÛä�Ü�ó^Ü�ñ�ånçÛß�Þhß,çWòXÜ�ã�âfß,ß�è�ÚÛä�ó
Ü�âfÚÛé�ÝEÜ�Ú±å7Øuæ'Ý�ØwáQÜfÚÛåhØwä�Ùdâ�ßsØ�ß,á,áQßcäfä�Ùdâ�ê�¡OÜfã�ß"ð å7ðuß�ØXÜfÝ�ð èEÚ®ä�Ü�âfÚÛé�ÝEÜ�Ú±å7Ø�ådæCÜfãwß�àwÙhâ�Ü�åhØwä{-Eù0Û£üQò
Ü�ã�ß©ã�ß�çÛÚ®áQÚ±Ü�êBèEÚÛä�Üfâ�ÚÛé�ÝEÜfÚÛåhØØ�.-Eù¤ÛCü ÙdØwèBÜfã�ß�ÜfâZÙdØ�ä�Þ7ß�âZä�ß�äfà�ÚÛØ¥è�ÚÛä�Üfâ�Ú±éwÝEÜfÚÛåhØØ� ÿ -Eù¤ÛCü�ò�ñsãwÚÛáZã
Ùhâfß�Ùhç±ç�åhæDß,ëXÝwÙhç3ÚÛð à£åhâfÜ�ÙhØwáQß7í

î ãwßlÜ�â�ÙhØwä�Þ7ß�âZä�ß�èEÚÛä�Üfâ�ÚÛé�ÝEÜfÚÛåhØ%��ÿ>-Eù¤ÛCü�Ùdâ�ß�èEÚ_|BáQÝ�ç±Ü�Üfå"ð ßcÙhäfÝ�â�ßhò�Ùhä5Üfã�ß,ê�Ùdâ�ß�áZã�ÚÛâZÙdçÛç±êXó
åEè�è¥ÙdØ�èBÜ�ã�ß�â�ßQæ'å7âfß�Ùdéwäfß�ØXÜsÚ±Ø¥ÚÛØwáQçÛÝwäfÚ±Þ7ß�ú"×�ûCíwî ã�ß,êBá�ÙhØ�é£ß�Ùhá�á�ß,ä�ä�ßcè�é�êBðuß,Ù7ä�Ý�â�ÚÛØ�ønÜ�ã�ß
äfÚÛØ�øhçÛß äfà�ÚÛØ
Ù7ä�ê�ðuðußQÜfâ�ÚÛß,äuùWû�ûs�"ü"Ú±ØÂäfß�ðuÚRójÚÛØwáQÝwäfÚÛÞhßuú�×�ûÒåhØÒÜfâZÙdØwäfÞhß,â�äfß�çÛê�à£åhç®Ùdâ�Ú®ä�ßcè¾Ø�ÝEó
á�ç±ß,åhØwä,òEÚÛØ¥ñsãwÚÛáZã:ÙuãwÙhè�âfå7Ø�Ú®ä�èEßQÜ�ß,áQÜfß,è¥ÚÛØ¥Üfã�ß�2wØ�Ùdç3ä�Ü�Ù�Ü�ßhí
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