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Longitudinal view of one quadrant of the CMS detector.
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10 5 evenements / s

Ecriture sur bande

1 MB / evenement

Niveau 2

Niveau 1

Niveau 3

2000  evenements  /  s

1 MB / evenement

100  evenements  /  s

1 MB / evenement

Taux de collisions    40 MHz
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�*ndw��5yvzsu�x[y�n(���v��u*{}o&��5�\�5y�w�r:�k��¦*n(yvx1tv�d��wW�*nF�5n=w��vx1tv�5¼&x[y³���5oXwWt�u�z¢wJu*yv�(ov�=rTt�u�� ��5rs�5y�wJzT�kxbtv�=z�tv�
�#x(yv��wJu*x(yvyv�=�k�5y�w<t�¦�ovyQt&���wJ�5��wJ�=ovrc�(nD�5�5oXp7Ã�¶v�[ovr:� ½�Á �=Ç Á

ì À.�5�=x(�`¡vu*yvn(u*z:x[yWnä�bn(y�wc�=x(�*���=�>wJu*x(y�Â~�*¦s��=yv�5rs�(u*�Vtv�=za��=���=�>w�r:x(yvzhyv¦*�5z¢w���n(zhz:o �kz:n[yJw��5¼�{}ov�5�*{}ov�5z
�vn[u�rs�5zW��=���=�>w�r:x(yq�äu�x[y§z:�ar:�5�=x(�`¡�u�yv�=y�wJ¼&��wdz:�=ov�*�<ovyv�a�vn(r�w�u��atv�5zV�3�vn(rs�(�5z��=z�w<�5x(�*���=�>wC��5�<zsovr
�*¦�n[yvxbt�� Á

ì �i�vn[�`¡vrs�itv¦�u*x(yvu*z:n�wJu*x(y�Â���x(ovr¸tv�5z�wJ�5y�z:u*x(yvz��v�*ovz���5�*�>� ��=�5zZwJx[ovz&�*�5z&�vrsxbt�ovu¤w�z&tv�f�*¦*u�x(y�u�zsn=wJu*x(y
�vrsu��kn(u*r:��zsx(y�w`�=x(�*���=�>wC��=z Á

ì �ix(�k�qw��5ovr��vrsx(��x(r�w�u�x(y�yv�5��Â<�5y�n(o��(�k�5y�wJn(y�w7�5y��5x(rs� �*n´wJ�=yvz:u*x(yv¼d�*�5z��3�vn(rs�(�5z����5oq�v�5y�w
n(�={}o���5rsu�rTz:o �kzsn(�k�\�=y�wFtv¦s��5yv�=r:�(u*�W��x(ovr�u*yvu¤w�u��=rat��5zTn3�bn(�*n(yv�3���5z Á ���kz:u*�(yvn(�hr:�=�5ov�=u��*�*u zsovr
�*¦�n[yvxbt��³�=z�w��vrsx(��x[r�wJu*x(yvy��5��n(o±yvx(�a¡vr:��tv�³�3�vn(rs�(�5zQu�y�u¤w�u�n(�*�5zs¼��5¦*�5z¢w:�X¨n��3tvu*r:� ¨nÄ��¦s��5yv�=r:�(u*�
t&��=��x[z[��5�Ttvn(y�z.�*���(n����vn[r.�*nk�vn(r¢wJu*�5ov�*�au*yv�=u�tv�=y�wJ� Á

ì �ix(�k�qw��5ovr Í �5u*�(�=r�� Ê ov���*�5r�Â&�*�5z��v�&��=yvx(�D¨�5y��5z��5x(�k�k�k��¦>��5�ku*z:zsu�x(y³tv�<���vx=wJx[yvz��5y�wJrsnJø M*yv�5y�w
ovy���z:ov���5rs��x(zsu¤w�u�x[y¥tv¦*nä�bn(��n[yv�3�v�5z!tvn[yvz&wJx(oqw������vx(��o��\��tvoFt&���wJ�=�>wJ�=ovr Á ����zsu��(y�n(�Æ�5z¢w!wJr�¨�=z
u*�k��x(r¢wJn(y�wa�kn(u*z.u*yvt&��=���=yvtvn(y�w`tv����¦*u*x(yvu*z:n=w�u�x(yQu*yvu¤w�u�n[��� Á

ì ¾ ��=�3�vn(r:�[�5z|�5x(y�wJu*y}ov�5z�Â�¨nT�vn(r¢wJu*r|t�¦�ovy��c�5�=r�w�n(u�y��hw��5yvzsu�x(yOx(yWx[¡vz:�=r��C�Vtv�5z|t&��=�3�vn(r:�[�5z��=x(y�wJu��
y}ov�=zV�=yJw�r:��n(yvx1tv���>wa�=n=wJ�vx1tv� Á

¾ n[yvz!��nkz:�=�>w�u�x(y¥z:ovu��bn(y�wJ�Tyvx(ovz!n(���v��u*{}ovx(yvz.�5�=z!r[��5zsov��wJn=w�zVn(oXp�t&��>w��5��wJ�5o�r:z ÊæÌvÍ � Á
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ö�÷�� � û���� ��� �
���=z ÊæÌvÍ � z:x(y�wOtv�=zat&���wJ�=�>wJ�=ovr:zTtv��wJrsn(�5�=z��#x(yv�>w�u�x[yvyvn(y�wO�5y³r[��=�(u��k�k�vrsx(��x[r�wJu*x(yvy��5� Á .|�*�*�5z

z:x[yJw|��r[��>��ov�=z¸��x(ovri��={}ovu����5r��*ni�vn(r¢wJu*���>p}wJ�=r:yv�htvofwJrsnq©>�5��wJx(�D¨��wJr:� Á ���5ovr�oqw�u��*u�zsn=wJu*x(y�tvn(y�z£��¦*�>p��&��=r:u*�5yv�=�
� Ê§Ì u*�k��x(zs�c{}ov¦*�5�*���=zi�5x(y�z:�5r¢�C�=yJwT�*�5o�r����5r:�#x[r:�kn(yv�=�ctvovrsn(y�w��*n<tvu��5n(u*yv��t�¦�n(y�y���5�=zftv�c�#x[yv�>w�u�x(yX�
yv�=�\�=y�w<�vr[��>��ov�T�>wa�kn(�*�(r[���tv���vn(oXwJ�5z!tvx[z:�5z.tv��r:n[tvu�n�wJu*x(yvz Á

�cÕsÔ|Õ�� ��ÝCÞ���Ù£ÞY�<×���×9n¹Ü8��Ù£âbÞ>Ü8����×�ß ×¤�!â
) yv�§�3�vn[�`¡vrs�§�(n��=�5ovzs�Ä¨n´�ku��=r:x(��u�z¢wJ�5zU�=z�w§�5x(�k��x(z[��=�µtv¦�o�y z:ov¡�z�wJrsn=w��=y��C�=r:r:�æz:ovrD�*�5{}ov�=�

z:x[yJw§�(r:nä� ��5�=zUtv�5zW�vu�z¢wJ�=z:¼cn[�¤w��5r:y�n=wJu��C�=�\�=y�w³�5n=w��vxbt��5zD��wµn(yvx1tv�=zµÃG�vx(u*rW¶v�(o�r:� ½�Á�À Ç Á ) y �v�*n(y
�5x[yvtvov��wJ�5o�r:¼ftvu�wUt��Dt&��5rsu¤�v�5¼ �5z�wU�v��n[�����¨n§{}ov�=��{}ov�=zk�\u*�*��u*�U¨�>wJrs�5zdn(o�tv�5zsz:ovzdtv�W�5�5z§��5�*�5�>w�r:x1tv�5z Á
��¦��=yvz:�=�`¡v�*�!�5z¢w.�#�5r:����f��n(r&ovyd�=n(tvr:���³��=�5n(y�u�{}ov�!{}ovu�t&��5�*u��ku�wJ�i�*�¸�Cx(�*ov�k�itv�i�(nD��tv�f�*n��3�vn(�a¡vr:� Á
���`�v�*n(yµtv�at&��5rsu¤�v�d�>wk�*�5zc�5n=w��vxbt��5zczsx(y�wk��x(r�wC��5zk¨nOtv�5z�w��5yvzsu�x(y�z�y&��5�[n=wJu��C�=z��>wd�*�5zcn(yvx1tv�5z�zsx(y�w
n(o7��x=w��5y�wJu*�5� ����=r:x Á ���5z���5�*�5�>w�r:x(y�zW�vrsxbtvo�u¤w�zO�*x(r:zOtvo ��n(z:zsn(�(�æt�¦�ovy��æ�vn(r¢wJu*�5ov�*�æ�3��n(r:�Æ��=�ætvn[yvz
�*�Ot&���wJ�=�>wJ�=ovrTt���5rsu¤�v�5y�wU�=y�z:o�u¤�bn(y�wW���=za�*u��[yv�5zTtv�\�3�vn(�k� Á / ��r:xäp�u��ku�wC��\tv�5zTn(yvx1tv�5zs¼h���k�3�vn(�k�
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¯±°�²C°�² ³G´CµW¶¸·;¹zº�´C»½¼R¾½¿ÀºYÁC»R·;Â
Ã\Ä;Å ÆbÇÄJÈ ÉHÊÌËÄ�È Ä5ÍÀÄ;Ê
Î ÏÑÐ{Ò�Å Ï�ÒÔÓ�Õ�Ð{Ò�ÉHÈFÈ;ÇÄJÓ�ÄJÖ�Ö�Ò×ÐlÄ5ÎÀÈFÓ�ÆÀÕHÊ�Å�ÇÄ�ÏÔÄ�ÓYÐ{Ø�ÒÔÙÚÎ ÄFÇÄJÏ�ÄYÛ5ÇÄ��xÜÝÏHÍbÇÄJÞÀÎßÐ{ÄIËÕAÙÚÎ ÄJÏ�ÙÚÎ ÄJÖ

Í Ò�àJÕHÒ�È Ä�ÖáÍ Ä;Ê�Ò�ÓJØ�ÉHÈ Ö�Í Ä;ÏÔÕ�Ö�ÎÀØ�â�ÕHÓ�ÄCÍÀÄ;ÏÔã�ÕHÈ ÉzÍ ÄJäxÄåÐCÏÔã�Õ^Û*ÕHÏÔÕæÈ Ó�Æ ÄCÕ�Ï�Ò�ÄJÎFÄJÈçÙÚÎ ÄJÏ�ÙÚÎ ÄJÖáÈ ÕHÈ ÉHÖ�ÄJÓ�ÉHÈ Í Ä�Ö��
Ã\ÄJÖGÇÄ�ÏÔÄ�ÓYÐlØ�ÉHÈ Ö�Ö�ÉHÈlÐ�Ó�ÉHÏ�ÏÔÄ�ÓYÐWÇÄ�ÖbÅ ÕHØáÏÔã�ÕHÈ ÉzÍ Ä\Ð{ÕHÈ ÍÀÒÔÖáÙzÎÀÄèÏÔÄ�Ö�Ò�ÉHÈ ÖáÅcÉHÖ�Ò×ÐlÒÔâ�Ö�Í;ÇÄJØ�Ò×Û ÄJÈlÐbÛWÄ�Ø�Ö;Ï�Õ±Ó�Õ�Ð{Æ ÉzÍ Ä��

é ÉHÎßÐlÄJÖ�Ï�ÄJÖ�Ó�Æ ÕæØ�êHÄ�Ö�Ö�ÄRÍbÇÄ�Å ÏÔÕæÓJÕHÈlÐFÍ ÕHÈÀÖèÏÔÄRÍbÇÄYÐ{Ä�ÓYÐlÄJÎ Ø�Ò�È Í Î Ò�Ö�Ä�ÈlÐ
ÎÀÈjÖ�Ò�êHÈ ÕHÏ�Ö�Î ØèÏ�ÄJÖ�ÇÄ�ÏÔÄ�ÓYÐ{Ø�É*ÍÀÄJÖ
ÙÚÎ Ò�Ä�Ö=ÐëÍbÇÄåÐ{Ä�ÓYÐWÇÄ�Ö�ÉHÎ ÖRâ�ÉHØ�Ê�Ä
Í Ä�Ó�ÉHÎ Ø�ÕæÈ{Ðl��ì�Ä"Ö�ÒÔêæÈ ÕHÏ�ÍbÇÄYÐ{Ä�ÓYÐWÇÄëÄ�Ö=Ð�Ï�ÕjÖ�ÉæÊëÊ�Ä"ÍÀÎ�Ö�Ò�êHÈ ÕHÏáÅ Ø�ÉzÍ Î ÒÑÐ
Å ÕHØCÏ�ÄJÖ"ÇÄ�ÏÔÄ�ÓYÐ{Ø�ÉHÈ Ö5ÄYÐRÍÀÄ±ÓJÄ�ÏÔÎÀÒcÅ Ø�É*ÍÀÎ Ò×ÐGÅ ÕHØCÏÔÄ�Ö�Ò�ÉHÈ Ö�äcÒ�ÏcÄ�Ö=ÐGÍ ÎÌÕHÎíÊëÉæÎßÛWÄ�ÊëÄ�ÈlÐFÍ ÄJÖ5Ó�Æ ÕHØ�êæÄJÖèÍ ÕæÈ Ö
Ï�ÄFêæÕHàJ�

Ã\Ä�ÖëÇÄ�ÏÔÄ�ÓYÐlØ�ÉHÈ Ö�Ö�ÉæÈ{ÐFÅÀØ�ÉzÍ Î ÒÑÐ{ÖAÅ Ø�ËÄ�ÖAÍ ÄçÏÔã�ÕHÈ ÉzÍ ÄRÄJÈ6ÓJÉæÈ ÖæÇÄ�ÙzÎÀÄJÈ Ó�Ä
Ï�ÄJÎ ØAÓJÉæÈ{ÐlØ�Ò�Þ ÎßÐlÒÔÉHÈ6ÕHÎ1Ö�Ò�êHÈ ÕæÏ
ÄJÖîÐGâ�ÕæÒÔÞ Ï�Ä�ÄYÐIÓJÉHØ�Ø�Ä�Ö�ÅeÉHÈ Í�ËÕFÄJÈlÛcÒ�Ø�ÉHÈ�ï�ðHñòÍ Ä�ÏÔÕFÓ�Æ ÕHØ�êHÄ;Ð{É�ÐlÕHÏÔÄAÍbÇÄ�ÅcÉæÖæÇÄJÄ��cÃ\Ä�Ö5Ò�ÉHÈ Ö�ê�ÇÄ�ÈpËÄJØ�ÄJÈlÐRÍ ÉæÈ Ó
Ï�ÕëÊ�ÕßóYÄ�Î Ø�ÄFÅ ÕHØîÐ{Ò�ÄçÍ Î�Ö�ÒÔêæÈ ÕHÏ��

Ã\Õ�ØæÇÄJÖ�ÉHÏ�ÎßÐ{Ò�ÉHÈôÖ�Å Õ�Ð{Ò�ÕHÏ�ÄõÉHÞ�Ð{ÄJÈÚÎ ÄõÕ�Û ÄJÓÌÓ�ÄFÐÝöcÅeÄõÍ ÄíÍ;ÇÄYÐlÄJÓYÐlÄJÎ Ø
ÄJÖ=ÐÌÍ ÄõÏ�ã�ÉHØ�Í Ø�ÄíÍÀÄõ÷Hðëø;Ê�äCÄåÐ
ÄJÈlÛcÒ�Ø�ÉHÈ�ùæðHñúÍ Î�Ö�Ò�êHÈ ÕHÏ Ð{É�Ð{ÕHÏ�ÅÀØ�ÉzÍ Î ÒÑÐ"Å ÕæØ�ÎÀÈ Ä�Õ^Û*ÕHÏ�ÕHÈ Ó�Æ Ä�Ö�Î Ø�Ï�ãÔÕHÈÀÉ*Í ÄçÄ�Ö=Ð�Ò�È Í ÎÀÒ×Ð
Í ÕHÈ Ö�Ï�ÄJÖ�ûHð
Å Ø�ÄJÊ�ÒîËÄ�Ø�Ä�Ö±È ÕHÈÀÉHÖ�Ä�ÓJÉHÈ ÍÀÄJÖ�ÙzÎÀÒ0Ö�Î ÒÑÛWÄ�È{Ð"ÏÔã�Õ^Û*ÕHÏÔÕæÈ Ó�Æ Äõü×�HýæþÔ�

Ã\Õ6Ö�Î ÒÑÐ{ÄíÍ ÄëÓJÄYÐ�Ð{ÄëÖ�Ä�ÓYÐ{Ò�ÉHÈôÄ�Ö=ÐõÎ È4ØæÇÄJÖ�Î ÊÿÇÄõÍ Ä�Ö�Ä��cÉHØîÐ{ÖFÍ ÄëØ�ÄJÓ�ÆÀÄJØ�Ó�ÆÀÄÌÄYÐõÍbÇÄYÛ ÄJÏ�ÉHÅ ÅeÄJÊ�ÄJÈlÐ1ÄåÐ
Í Ä�Ö±Ó�Æ ÉHÒ��4Í Ä
Ï�ÕõÓ�ÉHÏÔÏ�ÕHÞeÉHØ�Õ�Ð{Ò�ÉHÈ�ì�����ÅcÉHÎÀØIÉHÞ�Ð{ÄJÈÀÒÔØIÍ ÄJÖIÍ;ÇÄYÐlÄJÓYÐlÄJÎ Ø�ÖGÅeÄJØ�â�ÉæØ�Ê�ÕHÈlÐ{Ö�äáÓ�ÕHÅ ÕHÞ Ï�ÄJÖ±Í Ä
â�ÉHÈ ÓåÐ{Ò�ÉHÈ È Ä�ØAÍ Äçâ�Õ	�ÓJÉHÈ6Ö=ÐlÕHÞ Ï�ÄçÄYÐÌËÕ�ÏÔÉHÈÀêRÐlÄJØ�ÊëÄFÍ ÕHÈÀÖ�Ï�ã�ÄJÈlÛcÒÔØ�ÉHÈ È Ä�ÊëÄ�ÈlÐ�Í Î6Ã�
Iì��

¯±°�²C°î¯ � � ÂY·;»RÁ � Á5·�� � ¾��
Ã\ÄjÅ ÆbÇÄJÈ ÉHÊÌËÄ�È Ä1Í ãÔÕ^Û*ÕHÏ�ÕHÈ Ó�Æ Ä1ÅeÄJÎßÐ6Ö�ÄjÅ Ø�ÉzÍ Î Ò�Ø�ÄjÍÀÕHÈ Ö±Ð{ÉæÎßÐ1ÊÿÇÄJÏ�ÕHÈ êHÄjêæÕHàJÄ�Î��c� é ÉHÎ�Ð{ÄJâ�ÉæÒÔÖ�Ï�Ä

ÊÿÇÄJÏ�ÕHÈ êHÄFÍ ÉHÒÑÐFÖ�Õ�Ð{Ò�Ö�â�ÕHÒ�Ø�ÄFÓJÄ�Ø=Ð{ÕæÒÔÈ Ä�ÖIÄ��cÒÔêHÄ�È ÓJÄ�Ö±Ó�ÉHÊ�ÊëÄFÎ È6â�ÉHØ=ÐFêæÕHÒÔÈ4ËÕ�â�ÕHÒ�Þ ÏÔÄèÐlÄJÈ Ö�ÒÔÉHÈ�ÕHÅ Å Ï�Ò�ÙzÎbÇÄJÄ
ÄYÐ�Î ÈÀÄFÖîÐ{ÕHÞÀÒÔÏ�Ò×ÐWÇÄ�ÍÀÎ6êæÕHÒÔÈÀ�
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�áÉHÎ ØÌØæÇÄJÅeÉHÈ Í Ø�Ä�ËÕôÓ�ÄJÖÌÄ��cÒÔêHÄ�È ÓJÄ�Ö1ÏÔÄ�ÖõÓJÉæÊëÅ�Ð{ÄJÎÀØ�ÖjÅ Ø�ÉHÅcÉæØ=Ð{Ò�ÉHÈ ÈÀÄJÏ�ÖÌÎßÐ{Ò�Ï�ÒÔÖ�ÄJÈlÐ�ÄJÈ ê�ÇÄJÈbÇÄ�Ø�ÕHÏ�Î È
ÊÿÇÄJÏ�ÕHÈ êHÄçÍ ÄçÍ Ä�Î��jÐÝöcÅcÄ�ÖIÍÀÄFêæÕHàJ�

��� ÕHàRØ�ÕæØ�ÄJ� ÏÔÄ;Å ÆbÇÄJÈ ÉHÊÌËÄ�È Ä5ÍÀãÔÕ^Û*ÕHÏ�ÕHÈ Ó�Æ Ä�Õ�Ï�ÒÔÄ�Î�Í ÕæÈ Ö0ÏÔÄ�Ö\êHÕHàbØ�ÕHØ�Ä�Ö�ËÕ�ÍÀÄJÖ\Ó�Æ ÕHÊ�Å Ö\Å Ï�Î Ö\â�ÕHÒ�Þ ÏÔÄ�Ö
ÙÚÎ Ä�ÅcÉæÎ Ø�ÏÔÄ�ÖCÊ�ÉHÏYÇÄJÓ�Î Ï�ÄJÖ�ÅÀÏÔÎ ÖCÓJÉæÊëÅÀÏÔÄ��pÄ�Ö����CÈëÓJÉæÈ ÖæÇÄ�ÙzÎÀÄJÈ Ó�ÄJäpÎÀÈíêHÕæà�Ø�ÕHØ�Ä�äWÏÔÄ�Å Ï�Î ÖCÖ�ÉHÎßÛ ÄJÈlÐ
Í Ä�ÏÔã�ÕHØ�êæÉHÈZÉHÎ ÍÀÎNÈbÇÄJÉæÈ ä±Ä�Ö=Ð�ê�ÇÄ�ÈbÇÄJØ�ÕHÏ�ÄJÊ�ÄJÈlÐÿÎßÐlÒÔÏ�ÒÔÖæÇÄ�ÓJÉHÊ�Ê�Ä�Þ ÕæÖ�Ä�Í Î Ê�ÇÄ�ÏÔÕHÈÀêHÄ�êHÕHà�ÄJÎ��
Í ã�Î ÈjÓ�ÉHÊ�ÅßÐ{Ä�Î ØèÅ Ø�ÉHÅcÉæØ=Ð{Ò�ÉHÈ ÈÀÄJÏ��cÃ\ÄJÎÀØ�ÎßÐlÒÔÏ�ÒÔÖ�Õ�Ð{Ò�ÉHÈjÅ ØæÇÄJÖ�ÄJÈlÐ{Ä�È{ÐAÐlÉHÎßÐ{Ä�â�ÉHÒ�Ö�Î ÈjÒ�È ÓJÉæÈ{Û5ÇÄ�È ÒÔÄ�ÈlÐ{�
Ï�Õ�ÍÀÄJÖ�Ä��cÓJÒÑÐ{Õ�ÐlÒÔÉHÈ�Õ6Ï�ÒÔÄ�ÎôÅ ÕHØçÎ È Å Ø�ÉzÓJÄ�Ö�Ö�ÎÀÖ
Ø�ÕæÍ ÒÔÕ�Ð{Ò�âèÄYÐíÏ�ÄJÖ
ÅÀÆ É�Ð{ÉæÈ Ö�ÕæÒÔÈ Ö�Ò�ÇÄ�Ê�ÒÔÖFÉHÈlÐÌÎÀÈ Ä
ÇÄ�È ÄJØ�êHÒÔÄ�Ö�Î���Ö�ÕHÈlÐlÄíÅeÉHÎ ØGÒ�ÉHÈ Ò�Ö�Ä�ØçÏÔÄ�ÖRÅ ÕHØ=ÐlÒÔÓ�Î Ï�ÄJÖçÍ Ä�ÊÿÇÄYÐlÕHÏbÍ Ä�Ö1ÇÄJÏ�ÄJÓYÐlØ�ÉzÍ ÄJÖ��;ì�ÄJÖ1ÇÄJÏ�ÄJÓåÐ{Ø�ÉHÈ Ö
ê�ÇÄ�ÈbÇÄJØæÇÄJÖ
ËÕ�Å Ø�É��cÒÔÊ�ÒÑÐWÇÄFÍ ÄçÏÔã�ÕHÈ ÉzÍ ÄçÅeÄJÎßÛ ÄJÈlÐ"Ä�È Ö�ÎÀÒ×ÐlÄ
Ò�È Í Î Ò�Ø�ÄçÍ ÄçÈ ÉHÎ�ÛWÄJÏ�Ï�ÄJÖ±Õ^Û*ÕHÏ�ÕHÈ Ó�Æ Ä�Ö��

��� ÕHàRÄ �ÚÐlÒÔÈ ÓåÐ{Ä�Î Ø�� ÅcÉHÎÀØáÅ ÕæØ�ÄJØ�ËÕ�ÓJÄJÖ�Å Ø�ÉHÞÀÏîËÄ�ÊëÄ�Ö�äzÉHÈ
Õ�óYÉHÎßÐ{ÄCÎ È"ÕæÎßÐ{Ø�Ä5êHÕæà5ÅeÉHÎ Ø\ÕHÞ Ö�ÉHØ�ÞeÄJØáÏÔÄ�Ö
Å ÆÀÉ�Ð{ÉHÈÀÖ"!$#��0ì�Ä�Ö±êHÕHàRÉæÈ{Ð�Í Ä�ÖIÊ�ÉzÍ ÄJÖ�Í ÄçÍbÇÄ�Ö�Ä �cÓ�Ò×ÐlÕ�Ð{Ò�ÉHÈ�È ÉæÈ�Ø�ÕHÍ Ò�Õ�Ð{Ò�â�ä�ÄYÐ
Ï�ÕëÍÀÒÔÖ�Ö�Ò�Å Õ�Ð{Ò�ÉHÈ
Í ÄçÏ�ã�ÇÄ�È ÄJØ�êHÒ�Ä�Ö�ÄFâ�ÕæÒ×ÐFÅ ÕæØ�Ó�ÉHÏ�ÏÔÒ�Ö�Ò�ÉHÈ6ÉHÎ�ÍÀÒÔÖ�Ö�ÉzÓJÒ�Õ�Ð{Ò�ÉHÈ6ÄJÈ6Ø�ÕHÍ Ò�ÓJÕæÎ��c�

Ã\ÄAÓ�Æ ÉHÒ��&% ÈÀÕHÏ Í ÎëÊÿÇÄJÏ�ÕHÈ êHÄAêHÕHà�ÄJÎ��jÖ�ÄAâ�ÕHÒÑÐ�Í Ä�Ê�ÕHÈ ÒîËÄJØ�Ä�ÄJÊ�Å Ò�Ø�Ò�ÙÚÎ Ä�ÄJÈëÓJÉHÊ�Å ÕHØ�ÕHÈlÐ�ÏÔÄ�Ö�ÅcÄ�Ø�â�ÉHØ('
Ê�ÕHÈ Ó�ÄJÖAÍ Î6Í;ÇÄYÐlÄJÓYÐlÄJÎ ØAÕ^ÛWÄ�ÓçÍ Ò)�CÇÄJØ�ÄJÈlÐ{Ö�ÊÿÇÄJÏ�ÕHÈ êHÄ�Ö��*�áÉHÎ ØAÏÔã�ÕHÅ ÅÀÏÔÒ�ÓJÕ�ÐlÒÔÉæÈ6ÍÀÕHÈ ÖAÏÔã�Ä �cÅbÇÄ�Ø�Ò�ÄJÈ Ó�Ä�ì��+� ä
Ï�ÄJÖbÍbÇÄåÐ{Ä�ÓYÐ{Ä�Î Ø�Ö;ÍÀÄYÛcØ�ÉHÈlÐ�ÍbÇÄåÐ{Ä�Ø�Ê�ÒÔÈÀÄJØbÕ^ÛWÄ�Ó�Å ØæÇÄ�ÓJÒ�Ö�Ò�ÉHÈ�ÄYÐèÄ,��ÓJÕHÓ�Ò×ÐWÇÄ�ÏÔÕ±ÅcÉHÖ�Ò×ÐlÒÔÉæÈ"Í ÄJÖ�Å ÕHØ=ÐlÒÔÓ�Î Ï�ÄJÖ;Ö�ÉæÎ Ö
Î È.- Î��ÌÐlØ�ËÄ�ÖIÒ�ÈlÐ{ÄJÈÀÖ�ÄJä\Ï�ÄçÊÿÇÄ�ÏÔÕæÈ êHÄçêHÕHà�ÄJÎ��ÿÍ ÉæÒ×ÐFÍ ÉæÈ ÓçÕ�Û ÉHÒ�ØIÏ�ÄJÖAÅ Ø�ÉHÅ Ø�ÒYÇÄYÐWÇÄJÖ�Ö�Î ÒÑÛ*ÕHÈlÐ{Ä�Ö��

� !IÈjÈ ÉHÊ
ÞÀØ�ÄRÍ ã�ÇÄJÏ�ÄJÓåÐ{Ø�ÉæÈ Ö�Å Ø�Ò�Ê�ÕHÒ�Ø�ÄJÖ�ÇÄ�ÏÔÄåÛ�ÇÄRÅcÉHÎÀØèÉHÞßÐlÄJÈ Ò�ØèÎ ÈjÖ�ÒÔêHÈÀÕHÏpÄåÐçÎ È ÄRÄ��ëÓ�ÕHÓJÒÑÐWÇÄRÖ�Î��/'
Ö�ÕHÈlÐ{Ö�ä

� !IÈíâ�ÉHÈÀÓYÐ{Ò�ÉHÈ ÈÀÄJÊ�ÄJÈlÐ±ÄJÈëØæÇÄJêæÒÔÊ�Ä�Å Ø�ÉHÅeÉHØîÐ{Ò�ÉHÈ È Ä�Ï Õ^ÛWÄJÓIÎ ÈëêHÕHÒ�ÈëÅeÄJØ�Ê�ÄYÐ�ÐlÕHÈlÐIÍ ãÔÕ�Ð�Ð{Ä�ÒÔÈÀÍ Ø�Ä�Î È
Ö�ÒÔêHÈÀÕHÏ0Ö�Î ØAÞ Ø�Î ÒÑÐ
Ö�Î���Ö�ÕHÈlÐlä

� !IÈ Ä�ÛcÒÑÐ{ÄJÖ�Ö�Ä"ÍÀÄ
ÍbÇÄ�Ø�ÒÑÛWÄ"Í Ä�ÖÌÇÄJÏ�ÄJÓåÐ{Ø�ÉHÈ Ö±Ø�ÕHÅ Ò�Í Ä
ÅeÉHÎ Ø�ÅeÄJØ�Ê�ÄåÐ�Ð{Ø�Ä"Î È Ä�ÓJÉHÏ�Ï�ÄJÓYÐlÒÔÉæÈ�Ø�ÕHÅÀÒÔÍ Ä�Í Î
Ö�ÒÔêHÈÀÕHÏÔä

� !IÈ ÄçÍ Ò)�eÎ Ö�ÒÔÉHÈ�Ð{Ø�ÕHÈ Ö=Û ÄJØ�Ö�ÄFÊëÉzÍbÇÄ�ØæÇÄJÄFÅeÉHÎ Ø�ÉHÞßÐlÄJÈ Ò�ØAÎ È ÄçÞeÉHÈ È ÄçØæÇÄ�Ö�ÉHÏ�ÎßÐlÒÔÉHÈ�Ö�Å Õ�Ð{Ò�ÕHÏÔÄ�ä
� !IÈ Äçâ�ÕHÒÔÞÀÏÔÄçØæÇÄ�ÕHÓYÐlÒ×ÛcÒÑÐWÇÄFÕHÎ1ÓJÉHÈlÐlÕHÓYÐ�Í Ä�ÖíÇÄ�Ï�ÇÄ�ÊëÄ�ÈlÐ{Ö±ÙÚÎ Ò0Ó�ÉHÊ�ÅcÉæÖ�ÄJÈlÐ
ÏÔÄçÍbÇÄåÐ{Ä�ÓYÐ{Ä�Î Ø��
0RÕæÈ Ö�ÓJÄ6Þ ÎßÐ6Ï�Õ Ó�ÉHÏ�ÏÔÕHÞeÉHØ�Õ�Ð{Ò�ÉHÈUì����LÕÿÓ�ÆÀÉHÒÔÖ�ÒAÍ ã�ÇÄ�ÙÚÎ ÒÔÅeÄJØëÖ�Ä�ÖíÍbÇÄYÐ{Ä�ÓYÐlÄJÎ Ø�Ö1��� � ì¸Õ�Û ÄJÓ6Î È

ÊÿÇÄJÏ�ÕHÈ êHÄjÍÀÄjÈ;ÇÄJÉHÈUÄåÐ1Í Ä20RÒ3� ÇÄYÐlÆ{öcÏ�'4��Ð{ÆÀÄJØ6570�����ä/598;:=<?>9@?AB>C>
Í ÕæÈ Ö�ÏÔÄ�Ö�Å Ø�ÉæÅcÉHØîÐ{Ò�ÉHÈ Ö�÷HðED��HðH�
Ã\ÄJÖFÓJÕHØ�ÕHÓYÐWÇÄJØ�ÒÔÖîÐ{Ò�ÙzÎÀÄJÖ"Í Ä�Ó�ÄJÖ
ÍÀÄJÎ��LêHÕæàëÖ�ÉHÈlÐÌÍÀÉHÈ ÈbÇÄ�ÄJÖFÍ ÕHÈ ÖFÏÔÄRÐ{ÕæÞ ÏÔÄ�ÕHÎÿ�H� ï��;ì�ÄíÊ�ÇÄJÏ�ÕHÈ êæÄíÅeÄJØ('
Ê�ÄYÐ
Í ã�ÉHÞßÐ{Ä�È Ò�Ø±ÄJÈ�Ê�É�ö ÄJÈ ÈÀÄ��Hù ÇÄ�ÏÔÄ�ÓYÐlØ�ÉHÈ ÖIÅ Ø�Ò�Ê�ÕHÒ�Ø�ÄJÖIÅ ÕHØ�ÓJÊ�ä�ÏÔÕF% êHÎ Ø�Ä
�H���ëÊëÉæÈ{ÐlØ�Ä�ÏÔã�Ä,��ÓJÕæÓJÒÑÐWÇÄ
ÉHÞßÐlÄJÈÚÎ ÄGÕ^Û ÄJÓRÍ Ò3�5ÇÄ�Ø�Ä�È{ÐlÖ�ÊÿÇÄJÏ�ÕHÈ êHÄGêæÕHàJÄ�Î���Ä�ÈÌâ�ÉHÈ ÓåÐ{Ò�ÉHÈjÍ ÄIÏÔÕIÐlÄJÈ Ö�ÒÔÉæÈjÕHÅ Å Ï�ÒÔÙÚÎbÇÄ�ÄRÕHÎ���ÓJÕ�ÐlÆ ÉzÍ ÄJÖ��
Ã\ÕG% êæÎ Ø�Ä��H�Ô÷íÊ�ÉHÈlÐ{Ø�Ä�ÏÔÕçÛcÒ×ÐlÄJÖ�Ö�Ä"Í Ä�Í;ÇÄJØ�Ò×Û Ä"Í ÄJÖÌÇÄJÏ�ÄJÓYÐlØ�ÉHÈÀÖ±ÄJÈ�â�ÉHÈ ÓYÐlÒÔÉæÈ�Í Î�Ó�ÆÀÕHÊ�ÅIHJ¸Í ÕæÈ ÖIÍÀÄJÖ
ÊÿÇÄJÏ�ÕHÈ êHÄ�ÖIêæÕHàJÄ�Î��LK±Ä�D�0������
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  Ar/DME 50/50

▲
�

  He/DME 50/50

■
�

  Ne/DME  50/50
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 Pure DME

▲
¢

 Ne-DME 20%-80%

Ne-DME 40%-60%

❍
£

 Ne-DME 50%-50%
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¯±°�²C°(¬ �¾�®R¿À¹zµW·;¹
Ã\ÄèÓ�ÆÀÉHÒ¯�jÍ Î�Ê�Õ�ÐWÇÄ�Ø�Ò�ÕHÎ�ÎßÐ{Ò�Ï�ÒÔÖæÇÄ�Ó�ÉHÊ�Ê�Ä�Ö�Î Þ ÖîÐ{Ø�Õ�Ð�Í ÕHÈ Ö�ÏÔÕRØæÇÄJÕHÏ�ÒÔÖ�Õ�Ð{Ò�ÉHÈ�Í Ä�Ö���� � ìLÄ�Ö=Ð�Ä�Ö�Ö�Ä�ÈlÐ{Ò�ÄJÏ

ÅeÉHÎ Ø�ÊëÕæÒÔÈlÐ{Ä�È Ò�ØGÍ ÄJÖ±ÅcÄ�Ø�â�ÉHØ�ÊëÕæÈ ÓJÄ�ÖGÖ=ÐlÕHÞ Ï�ÄJÖ�ËÕíÏÔÉHÈÀêFÐ{Ä�Ø�Ê�Ä"ÄåÐ�Í ÕHÈÀÖ±Ï�ãÔÄ�È{ÛcÒ�Ø�ÉHÈÀÈ ÄJÊ�ÄJÈlÐíÍ Î�Ãr
Iì��
Ã\ÄJÖAÅ Ø�ÉHÅ Ø�ÒYÇÄYÐWÇÄJÖ�Ö�Î ÒÑÛ*ÕHÈlÐ{Ä�ÖIÖ�ÉHÈlÐ"Ø�ÄJÙÚÎ Ò�Ö�ÄJÖ��

� !IÈ Ä�ÞeÉHÈ È Ä�ÙÚÎ ÕæÏÔÒÑÐWÇÄ�ÍÀÄ�Ö�Î Ø�â�ÕHÓJÄ�ÅeÉHÎ ØíÅcÄ�Ø�Ê�ÄYÐ�Ð{Ø�Ä�Î È Ä�ÞeÉHÈ ÈÀÄ�ÕHÍ ÆbÇÄ�Ö�Ò�ÉHÈ Í Î ÊÿÇÄYÐlÕHÏIÍÀÄJÖ
ÇÄ�ÏÔÄ�ÓYÐ{Ø�É*ÍÀÄJÖ�ä

� !IÈ Ä ØæÇÄJÖ�ÒÔÖîÐ{ÒÑÛpÒÑÐWÇÄ Í ÄÿÖ�Î Ø�â�ÕHÓJÄÿÊ�É*ÍbÇÄ�ØæÇÄ�Ä°59± ï�ð d³²,´¶µX· >6ÅcÉHÎÀØ6Ï�Ò�ÊëÒÑÐ{Ä�Ø�Ï�ã�ÕHÓJÓ�Î Ê
Î Ï�Õ�ÐlÒÔÉHÈ Í Ä
Ó�Æ ÕæØ�êHÄ�Ö�ËÕõÏ�ÕÌÖ�ÎÀØ�â�ÕHÓ�Ä"Í Î�Ö�Î Þ Ö=ÐlØ�Õ�Ð6ËÕõÆ ÕHÎ�Ð\- Î��4Í Ä�Å ÕHØ=ÐlÒÔÓ�Î Ï�ÄJÖGÙÚÎ ÒáÊëÉzÍ Ò3% ÄJØ�ÕHÒÑÐ�Ï�Ä
Ó�Æ ÕHÊ�Å
HJFä

ûHù



� !IÈ ÄUÇÄJÅ ÕæÒÔÖ�Ö�ÄJÎÀØ�ÄYÐ1Î ÈÀÄÌÍ ÄJÈÀÖ�ÒÑÐWÇÄ1â�ÕHÒ�Þ ÏÔÄõÅcÉHÎÀØ
Ê�ÒÔÈÀÒÔÊ�Ò�Ö�ÄJØ�Ï�ÄJÖ"Ò�ÈlÐ{Ä�Ø�ÕHÓåÐ{Ò�ÉHÈ Ö�Í Ä�Ö�Å ÕHØ=ÐlÒÔÓ�Î Ï�ÄJÖ
Õ^ÛWÄ�Ó�Ï�Õ�Ê�Õ�Ð{ÒîËÄJØ�Ä�ÄåÐ�ÇÄåÛcÒ×ÐlÄJØAÏÔÄ�ÖIÍÀÒ)�eÎ Ö�Ò�ÉHÈ ÖAÊ�Î Ï×ÐlÒÔÅÀÏÔÄ�Ö±ÄYÐ�Ï�Õ�ÓJÉHÈlÛWÄ�Ø�Ö�ÒÔÉHÈ�Í ÄçÅ Æ É�ÐlÉHÈ Ö��

Ã\Ä�Ö;Ö�Î Þ ÖîÐ{Ø�Õ�Ð{Ö;Ò�Ö�ÉHÏ�ÕHÈlÐ{Ö;Î�Ð{Ò�ÏÔÒ�ÖæÇÄ�ÖCÍÀÕHÈ Ö;Ï�ãÔÒ�È Í Î ÖîÐ{Ø�ÒÔÄ�ÉHÈlÐ�Í Ä�Ö;ØæÇÄ�Ö�Ò�Ö=Ð{ÒÑÛcÒ×ÐWÇÄJÖ�Ö�ÎÀÅ;ÇÄJØ�ÒÔÄ�Î Ø�Ä�ÖGËÕëï�ð d³¸¹´¶µX·
ÅeÉHÎ ØëÎ È ÄZÇÄ�Å ÕHÒ�Ö�Ö�ÄJÎ ØÌÍÀÄ�ï�ðHð6ø;Ê��Aì�ÄJÖ�Û*ÕHÏ�ÄJÎ Ø�Ö4ÇÄ�ÏÔÄåÛ�ÇÄ�ÄJÖjÄ�È{ÐlØ�Õ¹º »�È Ä�È{Ð�Í ÄJÖíÒÔÈ ÖîÐ{ÕHÞÀÒÔÏ�Ò×ÐWÇÄJÖÌÍÀÎNêHÕHÒ�È
Í Ä�Ö�ÍbÇÄåÐ{Ä�ÓYÐ{Ä�Î Ø�Ö���ì�Ä�Ö�Ä��cÄåÐ{Ö6Ö�ÉHÈlÐ4Õ�Ð�ÐlØ�Ò�Þ ÎbÇÄ�ÖôËÕLÎ È Ä�ÅeÉHÏÔÕæØ�Ò�Ö�Õ�ÐlÒÔÉHÈ Í Î Ö�Î Þ ÖîÐ{Ø�Õ�ÐNËÕ/Ï�Õ/Ö�Î ÒÑÐ{ÄÿÍ Ä
Ï�ãÔÕHÅÀÅ ÏÔÒ�ÓJÕ�Ð{Ò�ÉHÈ�Í Ä�Ö5Ð{Ä�È Ö�Ò�ÉHÈ ÖGÄåÐ6ËÕíÏÔã�ÕHÓJÓ�Î Ê
ÎÀÏÔÕ�ÐlÒÔÉæÈ�Í Ä"Ó�Æ ÕHØ�êHÄJÖIÅ Ø�ÉzÍ Î ÒÑÐ{Ä�ÖGÍ ÕHÈÀÖ±Ï�ÄJÖGÕ^Û*ÕHÏ�ÕHÈ Ó�Æ Ä�Ö�ËÕ
Ö�ÕëÖ�ÎÀØ�â�ÕHÓ�ÄFÊ�ÉzÍ Ò3% ÕHÈlÐ�ÏÔÄçÓ�Æ ÕHÊ�ÅZÇÄJÏ�ÄJÓYÐlØ�Ò�ÙÚÎ ÄJ�

�áÉHÎ Ø"ÇÄåÛcÒ×ÐlÄJØèÓ�ÄJÖèÅ ÆbÇÄJÈ ÉHÊÌËÄ�È ÄJÖAÍ ã�ÕHÓJÓ�Î Ê
ÎÀÏÔÕ�ÐlÒÔÉæÈjÍ ÄGÓ�Æ ÕHØ�êHÄJÖ�äpÏ�Õ"ÓJÉæÏÔÏ�ÕHÞeÉHØ�Õ�ÐlÒÔÉæÈÌì����jÕ"ÍbÇÄ�ÓJÒ�ÍbÇÄ
Í ã�ÎßÐ{Ò�Ï�ÒÔÖ�ÄJØ�Ï�Õ Ð{Ä�Ó�Æ È Ò�ÙÚÎ Ä�Í ÄJÖ�ÓJÉHÎ Ó�ÆÀÄJÖ�Ê�Ò�È ÓJÄ�Ö��Y��È Ä��cÄåÐ�Ï�Ä4ÍbÇÄ�ÅrºÉ�Ð�ÍÀãÔÎ ÈÀÄ�% È ÄôÓ�ÉHÎ Ó�Æ Ä4Ö�ÄJÊ�Ò�'
ÓJÉæÈ Í Î ÓåÐ{Ø�Ò�ÓJÄ;5îÍ ã�ÇÄJÅ ÕHÒ�Ö�Ö�ÄJÎ Ø�ï\ø;Ê¼>AËÕGÏ�ÕGÖ�Î Ø�â�ÕHÓJÄ�Í Î�Ö�Î ÞÀÖ=Ð{Ø�Õ�ÐAÕ^Û*ÕHÈlÐ�Ï�ÕRêHØ�Õ^ÛcÎ Ø�ÄèÍ ÄJÖ�Å ÒÔÖîÐ{Ä�Ö�ä ÅeÄJØ�ÊëÄåÐ
Í ã�ÉHÞßÐlÄJÈ Ò�ØAÏÔÕëÓJÉHÈÀÍ Î ÓYÐlÒ×ÛcÒÑÐWÇÄFÖ�ÉHÎÀÆ ÕHÒÑÐWÇÄJÄ��

Ã\ÄGÓ�ÆÀÉHÒ¯��Í ÄGì����jÄ�Ö=ÐFÍ ÉæÈ ÓGÎ ÈjÖ�Î Þ Ö=ÐlØ�Õ�ÐRÄJÈ
ÛWÄ�Ø�Ø�Ä�0R���H�"Í Ä±�HðHð±ø;Ê Í ãYÇÄJÅÀÕHÒÔÖ�Ö�Ä�Î ØAÖ�Î ØèÏ�ÄJÙÚÎ Ä�Ï
ÄJÖîÐ�ÍbÇÄ�ÅcÉHÖæÇÄ6ï�ø;Ê�Í ã�Î ÈõÛWÄ�Ø�Ø�Ä�ÍÀÄY��Ä�Ö=Ð{É^ÛôÙzÎÀÒ�ÅeÄJØ�Ê�ÄåÐëÍ ãÔÉæÞßÐ{Ä�È ÒÔØ±Î È Ä"ØæÇÄJÖ�Ò�Ö=ÐlÕHÈ Ó�ÄëÍÀÄ"Ö�Î Ø�â�ÕHÓJÄ
Í Ä
ï�ðjd³² ´¶µX· �0Ã\Õ¼% êHÎ Ø�ÄF�æ�Ôû�Ê�ÉHÈlÐ{Ø�ÄFÏ�ÕGÐ{Ä�ÈzÎÀÄ�ÕHÎ&- Î~��Í ã�Î È�ÍbÇÄYÐ{Ä�ÓYÐlÄJÎ Ø�Í ÉHÈlÐ�ÏÔÄçÖ�Î Þ Ö=ÐlØ�Õ�Ð�Õ�Ö�ÎÀÞ Ò0Î È
Ð{Ä�Ï0ÍbÇÄJÅ*ºÉ�Ð{�

Ã\Ä�Å Ø�Ò�È ÓJÒ�Å ÕHÏ�ÍbÇÄ�Ö�Õ^Û*ÕHÈlÐ{ÕHêHÄ�Í Ä�Ó�ÄYÐ�Ð{Ä�Ö�ÉHÏ�ÎßÐ{Ò�ÉHÈNÄ�Ö=Ð�ÙÚÎ ã�Ò�ÏIâ�ÕHÎ�Ð�ÕHÅÀÅ ÏÔÒ�ÙÚÎ ÄJØíÎ È Ä�Ð{ÄJÈÀÖ�Ò�ÉHÈ Å Ï�Î Ö
ÇÄJÏ�ÄYÛ5ÇÄ�Ä"ÅcÉæÎ ØIÉæÞßÐ{Ä�È ÒÔØIÏÔÄ�Ê2ºÄJÊ�Ä
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Vd
Æ =3000V, VcÇ =460V

Pestov glass coating

ρ
bulk
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bulk

=2x10
11Ωcm

MSGC
 

INFN - Pisa

Source: 5.4 KeV Cr X-rays
Ne-DME (50/50)

Vd
Æ =1000V, VcÇ =564V

D263 uncoated

ρsurfaceÈ =510
17Ω/square
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Ó�Æ ÕHÊ�ÅZÇÄJÏ�ÄJÓYÐlØ�Ò�ÙÚÎ Ä�Ö�Î ØAÏÔÄçÞeÉHØ�Í6Í Ä�Ö�Ó�Õ�Ð{ÆÀÉ*Í Ä�ÖIÄåÐõËÕ ÇÄåÛcÒ×ÐlÄJØAÏÔÄ�ÖIÍbÇÄJÓ�Æ ÕHØ�êHÄJÖ��

!IÈ ÄÿÖ�ÄJÓ�ÉHÈ Í ÄÿÖ�ÉæÏÔÎßÐlÒÔÉæÈ ÄJÖîÐ ÇÄJêHÕHÏ�ÄJÊ�Ä�È{Ð ËÕLÏÔã�ÇÄYÐlÎ Í ÄJ�=��Ï�ÏÔÄÿÓJÉHÈÀÖ�Ò�Ö=Ð{ÄNËÕUÎßÐ{Ò�ÏÔÒ�Ö�Ä�Ø�ÎÀÈ Ä êæØ�Ò�ÏÔÏ�Ä�Í Ä
Å ØæÇÄJÕHÊ�Å Ï�Ò)%ÀÓJÕ�ÐlÒÔÉHÈè5 � �æ�+>6ÍÀÒÔÖ�ÅcÉHÖæÇÄJÄ ÄJÈlÐ{Ø�Ä4Ï�Ä Ö�Î ÞßÐ{Ø�Õ�Ð ÄYÐ4ÏÔÄÿÅ Ï�ÕHÈ ÍÀÄ ÍbÇÄ�Ø�ÒÑÛWÄéÞ×�Hû�àÔ�çÃ\Õ � �$�
â�ÉHÎ Ø�È ÒÑÐ
ÎÀÈ�êHÕæÒÔÈ6Í ã�ÄJÈlÛcÒÔØ�ÉHÈUï�ðHð�ÄåÐ
ÍÀÉHÈ ÓFÎ È�â�ÕæÓYÐ{Ä�Î ØAÍ Äõï�ð�ÉHÎôï�ðHðíÖ�ÄJÎ Ï�ÄJÊ�Ä�È{Ð"Í ÉHÒÑÐFºÄYÐ{Ø�Ä�â�ÉæÎ Ø�È Ò
Å ÕHØ�Ï�Õ¦��� � ìôÓ�Ä5ÙÚÎ ÒzÅeÄJÎßÐ¦ºÄYÐlØ�ÄCÉHÞßÐ{Ä�ÈÚÎ"Õ^ÛWÄJÓ5Í ÄJÖWÐ{Ä�È Ö�Ò�ÉHÈ ÖáÅ Ï�Î Ö�â�ÕHÒ�Þ Ï�ÄJÖê59±|÷HðHðë#Y>��Úì�Ä�Í Ò�Ö�ÅeÉHÖ�Ò×ÐlÒÔâ
ÅeÄJØ�Ê�ÄåÐ�Í ÄbÐ{Ø�Õ^Û*ÕHÒ�ÏÔÏ�ÄJØ;Õ^Û ÄJÓAÍ ÄJÖpÐlÄJÈ Ö�ÒÔÉæÈ Ö5ÅÀÏÔÎ Ö;â�ÕæÒÔÞ Ï�ÄJÖ�ÄåÐAÍ ÄAÓJÉHÈÀÖ�ÄJØîÛWÄ�ØCÎÀÈ ÄAàJÉHÈ Ä�ÍÀÄ�Ö�Î Ø�ÄYÐWÇÄAÕ^Û*ÕHÈlÐ
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Ã\ÄçÖ=öcÖîÐæËÄJÊ�Ä�Í Ä�Ï�ã�ÇÄJÏ�ÄJÓYÐlØ�ÉHÈÀÒÔÙÚÎ Ä�Í ÄçÏÔÄ�ÓYÐ{ÎÀØ�ÄFÅcÉHÎÀØ�Ï�ÄèÐ{Ø�ÕHÒ×ÐlÄJÊ�ÄJÈlÐ
Í ÄJÖ�Ö�Ò�êHÈ ÕæÎ��ÿÍbÇÄJÏ�ÒÑÛpØæÇÄJÖIÅ ÕHØAÏÔÄ�Ö

ÍbÇÄåÐ{ÄJÓåÐ{Ä�Î Ø�ÖIÖ�Ò�ÏÔÒ�ÓJÒ�Î Ê ËÕ�Ê�ÒÔÓ�Ø�ÉHÅ Ò�Ö=ÐlÄJÖIÄYÐFÏ�ÄJÖ"��� � ì ÄJÖîÐ�Ø�ÄJÅÀØæÇÄJÖ�ÄJÈlÐWÇÄ�Ö�Î ØAÏ�Õ1%ÀêHÎ Ø�Äç÷H� ï��
ì�ÆÀÕHÙÚÎ Ä�Ó�ÒÔØ�ÓJÎ ÒÑÐ�ÄJÖ=Ð�ÓJÉæÊëÅeÉHÖæÇÄ�Í Ä ï��æùjÛ ÉHÒ�ÄJÖõÍÀãÔÄ�È{ÐlØæÇÄ�ÄJÖõÕæÈ ÕHÏ�ÉHêHÒ�ÙzÎÀÄJÖëÄYÐ�Í ã�Î È Ä6Ö�ÄJÎÀÏÔÄ6Ö�ÉHØîÐ{Ò�Ä

ÕHÈ ÕæÏÔÉHêæÒÔÙÚÎ Ä��pì�Æ ÕHÙÚÎ ÄçÊ�Ò�ÓJØ�ÉæÅ ÒÔÖîÐ{ÄRÄ�Ö=ÐçÏ�Î ÄRÅ ÕHØ5Î È1Å ØæÇÄ�ÕHÊ�Å Ï�Ò)% Ó�Õ�Ð{Ä�Î Ø�Í ÄGÓ�ÆÀÕHØ�êHÄRÖ�Î ÒÑÛpÒpÍ ãÔÎÀÈLÇÄåÐ{ÕHêæÄ
Í Ä5ÊëÒ�Ö�Ä�ÄJÈ"â�ÉHØ�Ê�ÄJ�P+ZÏ�Õ±Ö�ÉHØ=ÐlÒÔÄ5Í Ä�Ó�ÄYÐ�ÇÄåÐ{ÕHêHÄCÏ�Ä�Ö�Ò�êHÈ ÕæÏ*Ä�Ö=Ð�ÇÄ�Ó�Æ ÕHÈlÐ{Ò�ÏÔÏ�ÉHÈ ÈbÇÄçËÕ±Ï�ÕGâ�ØæÇÄ�ÙÚÎ ÄJÈ Ó�ÄèÍ Î"Ãr
Iì�ä
Ö�ÉæÒ×Ð
÷HðF��
±à��áÃ\ÄJÖëÇÄJÓ�ÆÀÕHÈlÐ{Ò�ÏÔÏ�ÉHÈ ÖGÖ�ÉHÈlÐ"ÖîÐ{ÉzÓRQ�ÇÄJÖ±ÍÀÕHÈ Ö�Î È Ä
Ê�ÇÄ�ÊëÉæÒÔØ�Ä�ÕHÈÀÕHÏÔÉæêHÒÔÙÚÎ Ä 5G+¦0TS @ >AÄ�È�Õ�ÐC'
Ð{Ä�È Í ÕHÈlÐ±ÏÔã�ÕHØ�Ø�ÒÑÛ�ÇÄ�ÄIÍÀÎíÅ Ø�ÄJÊ�Ò�ÄJØCÈ Ò×Û ÄJÕHÎíÍ Ä�Í;ÇÄJÓ�ÏÔÄ�È Ó�Æ ÄJÊ�Ä�È{ÐF5 é ï�>��e� ÒPÎ ÈíÓ�Ø�ÉHÒ�Ö�Ä�Ê�ÄJÈlÐRÍ ÄAâ�ÕHÒ�Ö�Ó�ÄJÕHÎ~�
ÄJÖîÐ"ÖæÇÄJÏ�ÄJÓåÐ{Ò�ÉHÈ ÈbÇÄ�äáÏ�ÄJÖíÇÄJÓ�Æ ÕæÈ{ÐlÒÔÏ�Ï�ÉHÈ Ö±Ó�ÉHØ�Ø�ÄJÖ�ÅcÉHÈÀÍ ÕHÈlÐ{ÖIÖ�ÉHÈlÐAÐ{Ø�ÕHÒ×ÐWÇÄJÖ�Å ÕHØAÎ È6Å Ø�ÉzÓJÄ�Ö�Ö�ÄJÎ ØIÕHÈ ÕHÏ�ÉHêHÒ�ÙÚÎ Ä
5G+¦�$��� < >�ÅeÉHÎ Ø�ÉHÞßÐlÄJÈ Ò�Ø�Ï�ãÔÕHÊ�Å Ï�ÒÑÐ{Î Í Ä1Ò�È ÒÑÐ{Ò�ÕHÏÔÄjÍÀÎLÖ�ÒÔêæÈ ÕHÏèÓ�ÉHØ�Ø�ÄJÖ�ÅeÉHÈ ÍÀÕHÈlÐ�ËÕ�Ó�ÄjÓJØ�ÉæÒÔÖ�ÄJÊ�ÄJÈlÐ�Í Ä
â�ÕHÒ�Ö�Ó�ÄJÕHÎ��c�\ì�ÄçÖ�Ò�êHÈ ÕHÏ0Ä�Ö=Ð�ÄJÈÀÖ�Î ÒÑÐ{Ä�ÄJÈlÛWÉ^ö�ÇÄjËÕ�Ï�ÕëÖ�ÉHØ=ÐlÒÔÄçÅ ÕæØ�Ï�ã�ÒÔÈlÐ{Ä�Ø�Ê�ÇÄJÍÀÒÔÕHÒ�Ø�ÄFÍ ã�Î È�Ê�Î ÏÑÐ{Ò�Å ÏÔÄ��cÄJÎ Ø��

de
te

ct
eu

r

+

Shaper
Preamplificateur APSP

T1 : Premier niveau de declenchement

Memoire Analogique

no

yes

40 MHz

Echantillonneur

ADB

M
ultiplexeur

160 Cellules : delay 3   s

~100kHz

µ

20M
H

z

pistes
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¬±°CúC°î¯ j � ¿lkA¿À¹3m� ¶ � ¼ � Â � Ö0¹*¾Rµ �
+�Ï�Õ4Ö�ÉæØ=Ð{Ò�Ä6Í ÄJÖíÓJÒ�Ø�ÓJÎÀÒ×ÐlÖõÍ Ä�ÏÔÄ�ÓYÐ{ÎÀØ�ÄJä�Ï�ÄJÖõÍÀÉHÈ ÈbÇÄ�ÄJÖõÖ�ÉHÈlÐ�ÕæÖ�Ö�Ä�Ê
Þ ÏYÇÄJÄ�ÖjÅ ÕHØëêHØ�ÉæÎ ÅcÄ6Í Ä6Í ÄJÎ~�+Î�i#¦�6êHØ?ºÕHÓ�Ä"ËÕFÎ ÈëÓJÒ�Ø�Ó�Î Ò×ÐGÖ�ÅbÇÄ�ÓJÒ3% ÙÚÎ Ä¼5n+Î�i#Ý��Î���>�äeÄYÐ�Ð{Ø�ÕHÈ Ö�â�ÄJØæÇÄ�ÄJÖ\óYÎ Ö�ÙÚÎ ã ËÕ
Î ÈÀÄIÍ Ò�ÉzÍ ÄIÏ�ÕHÖ�ÄJØCÙzÎÀÒ

ÓJÉæÈ{Û ÄJØîÐ{ÒÑÐGÏ�ÄAÖ�Ò�êHÈ ÕHÏ�ÇÄJÏ�ÄJÓåÐ{Ø�ÒÔÙÚÎ Ä�ÄJÈíÎ ÈíÖ�ÒÔêæÈ ÕHÏWÏ�Î Ê�ÒÔÈ Ä�Î��c�Pì�ÄIÖ�ÒÔêHÈÀÕHÏWÄJÖîÐGÕHÏ�ÉHØ�ÖpÐ{Ø�ÕæÈ Ö�Ê�Ò�Ö5ÕHÎ~�1Ö�ÕHÏ�Ï�ÄJÖ
Í ã�ÕHÓJÙÚÎ Ò�Ö�ÒÑÐ{Ò�ÉHÈ�Ö�ÒÑÐ{ÎbÇÄ�ÄJÖ±Ä�È�ÍÀÄJÆ ÉHØ�ÖAÍ ÄçÏÔã�Ä �cÅbÇÄ�Ø�Ò�ÄJÈ Ó�Ä"Å ÕHØ�Ï�ãÔÒ�ÈlÐ{Ä�Ø�ÊÿÇÄJÍ Ò�ÕHÒ�Ø�Ä�Í ãÔÎÀÈ Ä=% Þ Ø�ÄçÉHÅ�Ð{Ò�ÙzÎÀÄJ�

Ã\Ä�ÖîöpÖîÐæËÄ�ÊëÄ�Í ã�ÕHÓ�ÙzÎÀÒÔÖ�Ò×ÐlÒÔÉHÈ Í ÄJÖRÍbÇÄYÐ{Ä�ÓYÐlÄJÎ Ø�ÖõËÕjÊ�Ò�ÓJØ�ÉHÅ Ò�Ö=Ð{Ä�Ö�Ä�Ö=ÐëÞ ÕæÖæÇÄ�Ö�ÎÀØRÍ ÄJÖRÊ�ÉzÍ Î Ï�ÄJÖp#\���
Ï�É*Ó�ÕHÏÔÒ�ÖæÇÄ�ÖçÍ ÕHÈ ÖRÏ�ÄJÖçÖ�ÕæÏÔÏ�ÄJÖçÍ ã�ÕHÓJÙÚÎ Ò�Ö�ÒÑÐ{Ò�ÉHÈ �;Ã\Ä�Ö�ÒÔêHÈÀÕHÏbÅ Ø�É�Û ÄJÈ ÕæÈ{ÐõÍ Ä�Ó�Æ ÕæÙzÎÀÄëÊ�Ò�ÓJØ�ÉHÅ Ò�Ö=Ð{Ä�Ä�Ö=ÐíØ�Ä��ÓJÎ
Å ÕHØIÎ È Ä"ÅÀÆ É�Ð{ÉzÍ Ò�É*ÍÀÄ�ÙÚÎ ÒáÕHÊ�Å ÏÔÒ3% Ä"ÄåÐ�Ó�ÉHÈlÛWÄJØîÐ{ÒÑÐëÏÔÄ�Ö�Ò�êHÈ ÕHÏáÏÔÎÀÊëÒ�È Ä�Î���Ä�È�Ö�Ò�êHÈ ÕHÏ±ÇÄJÏ�ÄJÓåÐ{Ø�Ò�ÙÚÎ ÄJ��Ã�Ä�Ö
Í ÉHÈÀÈ;ÇÄJÄ�Ö
ÕHÈ ÕæÏÔÉHêæÒÔÙÚÎ Ä�Ö
Ö�ÉæÈ{ÐõÕHÏ�ÉHØ�ÖFÈÚÎ ÊÿÇÄJØ�ÒÔÖæÇÄJÄJÖ�ÅÀÕHØçÏÔÄëÊ�É*Í ÎÀÏÔÄpoPØ�ÉHÈlÐG�CÈÀÍþ0RØ�ÒÑÛWÄ�Ø���ì�ÄõÊ�ÉzÍ Î Ï�Ä
Ò�È Ò×ÐlÒÔÄLÇÄJêæÕHÏÔÄ�Ê�ÄJÈlÐ�Ï�Ä�Ð{Ø�ÕæÒ×ÐlÄJÊ�ÄJÈlÐ�Í ÄJÖëÍ ÉHÈ ÈbÇÄJÄJÖíÓJÉHÊ�Ê�Ä6ÏÔÕÿÖ�ÉHÎÀÖ=Ð{Ø�ÕHÓYÐlÒÔÉæÈZÍ Ä�ÖíÅ ÒYÇÄJÍÀÄJÖ=ÐlÕHÎ�� ÄYÐ�Ï�Ä
ØæÇÄ�ÕHØ�ÕæÈ êHÄJÊ�Ä�È{Ðlä5ÅÀÎ ÒÔÖ�ÏÔÄ�Ö
ÖîÐ{ÉzÓRQæÄÌÍ ÕæÈ Ö
Î ÈÀÄíÊ�ÇÄJÊ�ÉHÒ�Ø�ÄíÏÔÉzÓJÕæÏÔÄçóYÎ Ö�ÙÚÎ ã ËÕ�Ï�ãÔÕHØ�Ø�ÒÑÛ�ÇÄJÄõÍÀãÔÎ È4È Ò×Û ÄJÕHÎ4Í Ä
ÍbÇÄ�ÓJÏ�ÄJÈ Ó�Æ Ä�Ê�ÄJÈlÐ�Ö�ÎÀÅ;ÇÄJØ�ÒÔÄ�Î Ø��

Ã\Ä�ÊëÉzÍ Î Ï�ÄqoPØ�ÉæÈ{ÐY��È Í�ì�ÉHÈlÐ{Ø�ÉHÏ�ÏÔÄ�ØGÖ�ÒÑÐ{ÎbÇÄ
Í ÕHÈ ÖGÏ�ÄJÖ±Ö�ÕHÏ�ÏÔÄ�ÖGÍ ã�ÕHÓJÙÚÎ Ò�Ö�ÒÑÐ{Ò�ÉHÈ�ÄJÖîÐ�Ø�Ä�Ö�ÅeÉHÈ Ö�ÕHÞ Ï�Ä"Í Î
ÓJÉæÈ{ÐlØ?ºÉHÏ�ÄFÍ ÄJÖ�ÓJÒ�Ø�Ó�Î Ò×ÐlÖr+¦�*#¦�c��ÜÝÏ\Ö�ÄJØ=Ð�ÇÄJêæÕHÏÔÄ�Ê�ÄJÈlÐ"ÍÀãÔÒ�ÈlÐ{ÄJØ�â�ÕHÓJÄ�Õ^ÛWÄJÓ�ÏÔÄçÖîöpÖ�ËÄJÊ�Ä"êHÏ�ÉHÞ ÕæÏ é�é ìÚ5 é Ò�'
Ê�ÒÔÈÀê é Ø�ÒÔêæêHÄJØ�s|ì�ÉæÊëÊ�ÕHÈÀÍ�>èÙÚÎ ÒpÍÀÒÔÖîÐ{Ø�Ò�Þ Î ÄRÏ�ã�Æ ÉHØ�Ï�ÉHêHÄIÍ ÎÌÃr
±ì ÄåÐçÏ�Ä±Ö�Ò�êHÈ ÕæÏpÍ ÎÌÅÀØ�ÄJÊ�Ò�ÄJØèÈÀÒ×Û ÄJÕHÎ
Í ÄCÍbÇÄJÓ�ÏÔÄ�È Ó�Æ Ä�ÊëÄ�ÈlÐ�ÕHÎ���Ó�ÒÔØ�ÓJÎ ÒÑÐ{Ö3+Î�i#Î�c�Úì�ÄJÖ�Ö�Ò�êHÈ ÕHÎ~�õÖ�ÉHÈlÐ5ÄJÈlÛWÉ^ö�ÇÄJÖAËÕ�Ï�ãÔÒ�ÈlÐWÇÄJØ�ÒÔÄ�Î Ø�ÍÀÄ5Ï�ãÔÄ��cÅ;ÇÄJØ�ÒÔÄ�È ÓJÄ
êHØ¹ºÕHÓJÄ"ËÕ"Í ã�ÕHÎßÐ{Ø�ÄJÖp%ÀÞ Ø�Ä�ÖèÉHÅßÐlÒÔÙÚÎ Ä�Ö�ä�Í ã�ÉpËÎõÏ�Õ"Ó�ÕHØ=ÐlÄ±ì�ì�! 5îì�ÉHÊ�ÊëÒ�È Ó�Õ�Ð{Ò�ÉHÈ1ÕHÈ ÍÌì�ÉæÈ{ÐlØ�ÉHÏ�!±ÈÀÒ×Ð¹>èÏÔÄ�Ö
Í Ò�Ö=ÐlØ�Ò�Þ Î ÄFÕHÎ���ÍbÇÄåÐ{Ä�ÓYÐ{Ä�Î Ø�Ö��

�A���A�±÷H���H�?«��f�/t¢�§.s�£J©éu4�~u�¦X�¢�§6¢Ýt¢?|u¢��{¦u��¥J�W� w�©�¢F p¥J©z�å|�s�|u¢��{¦(©z��¢ £x¢fu £�t¢{¦=¢��{¦}¢�©z�lu �s
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��í!t î�ï �'�����"#�!� �u u"#� )fï¼ð öwvïI��ï��*��ï�"#�æð ðe��)����'��"#( &÷ ( ���'�[ �x
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Ã\ÄÌÖîöcÖ=ÐæËÄ�Ê�ÄjÍ ÄÌÏ�ÄJÓYÐlÎ Ø�ÄjÍÀÄJÖ"ÍbÇÄåÐ{Ä�ÓYÐ{Ä�Î Ø�Ö�Ö�ÒÔÏ�Ò�ÓJÒ�Î Ê ËÕ�Ê�Ò�ÓJØ�ÉHÅ Ò�Ö=Ð{Ä�Ö�Í ÉHÒÑÐ1ÅeÄJØ�Ê�ÄåÐ�Ð{Ø�ÄÌÍ ã�ÉHÞßÐlÄJÈ Ò�Ø
Ö�ÉæÎ Ö�Í Ä1Æ ÕHÎßÐlÖF-ÀÎ�� Í Ä1Å ÕHØîÐ{Ò�ÓJÎ Ï�ÄJÖëÎ È Ä1Ä,��Ó�ÕHÓJÒÑÐWÇÄ/ÇÄJÏ�ÄYÛ5ÇÄJÄ6ÅeÉHÎ Ø�ÏÔÄ�ÖGÛpØ�ÕHÒ�Ö ÇÄåÛ�ÇÄ�È ÄJÊ�Ä�È{ÐlÖõÄåÐ�ÎÀÈ Ä
Ä �cÓ�ÄJÏ�ÏÔÄ�È{ÐlÄ�ØæÇÄåóYÄJÓYÐlÒÔÉæÈ Í ÎNÞ Ø�Î Ò×Ðl�¦�áÉHÎ ØíÓJÄJÏ�ÕôÏ�Ä�Ó�ÒÔØ�ÓJÎ ÒÑÐ�Í ÄåÛpØ�Õ ºÄYÐlØ�ÄôËÕôâ�ÕHÒ�Þ ÏÔÄ6Þ Ø�Î Ò×Ð�Í Ä�Ê�ÕHÈ Ò�ËÄJØ�Ä
ËÕôÓ�ÉHÈ Ö�Ä�Ø=Û ÄJØjÎ È Ä�ÞcÉæÈ È Ä�Í Ò�Ö�Ó�Ø�Ò�Ê�ÒÔÈ Õ�Ð{Ò�ÉHÈ Í Î Ö�Ò�êHÈ ÕæÏÔä�ÒÔÏ�Í ÄåÛpØ�Õ�ÅcÄ�Ø�Ê�ÄYÐ�Ð{Ø�Ä�Î È Ä�Ó�ÉHÏ�ÏÔÄ�ÓYÐ{Ò�ÉHÈNÍÀÄJÖ
Ó�Æ ÕHØ�êHÄJÖIÊ�Õ��cÒÔÊ�ÕHÏ�ÄJÖIÄYÐ
Î È ÄFØæÇÄJÖ�ÉHÏ�ÎßÐ{Ò�ÉHÈëÐlÄJÊ�ÅeÉHØ�Ä�ÏÔÏ�Ä
Ö�Î���Ö�ÕHÈlÐ{Ä�ÅcÉæÎ ØIÕæÖ�Ö�ÉzÓJÒ�ÄJØ�Ï�Ä�Ö�ÒÔêHÈÀÕHÏ\ÉHÞ Ö�Ä�Ø=Û5ÇÄ
ÕHÎ1ÓJØ�ÉHÒ�Ö�ÄJÊ�Ä�È{Ð"Í Äçâ�ÕHÒ�Ö�ÓJÄ�ÕHÎ��ÿÍ ÕæÈ ÖAÏÔÄ�ÙzÎÀÄJÏ\ÒÔÏ0ÕÿÇÄYÐWÇÄRê�ÇÄJÈbÇÄJØæÇÄ��

0RÕæÈ ÖíÓ�Ä�Þ ÎßÐ�Ï�ÕôÊÿÇÄYÐ{ÆÀÉ*Í Ä�Ó�Æ ÉHÒ�Ö�Ò�Ä�ÅeÉHÎ Øëì���� ÓJÉHÈÀÖ�Ò�Ö=Ð{Ä�ËÕ4ÓJÉæÈ Ö�Ä�Ø=ÛWÄ�ØjÎ È Ä�ÊëÒ�Ö�Ä�ÄJÈNâ�ÉæØ�Ê�Ä
Í ÎLÖ�Ò�êHÈ ÕHÏ�Å ÏÔÎÀÖëÏ�ÉHÈ êæÎ Ä1ÙzÎÀÄ6Ï�Ä
Ð{Ä�Ê�Å ÖíÄ�ÈlÐ{Ø�Ä1Í Ä�Î�� Ó�Ø�ÉHÒ�Ö�Ä�ÊëÄ�ÈlÐ{ÖõÍÀÄ6â�ÕæÒÔÖ�ÓJÄJÕæÎ�� ÄYÐ4ËÕ�Ø�ÄYÐ{Ø�ÉHÎßÛ ÄJØ
Ï�ãÔÕHÊ�Å Ï�ÒÑÐ{Î Í Ä�ÍÀÄ"ÏÔã�Ò�ÊëÅÀÎ ÏÔÖ�ÒÔÉæÈ Ò�È ÒÑÐ{Ò�ÕHÏÔÄ���ì�ÄåÐ�Ð{Ä�Ê�ÇÄåÐ{Æ ÉzÍ Ä"Ä�Ö=ÐëÕHÅ ÅeÄJÏYÇÄJÄ�ÍbÇÄJÓJÉæÈ{Û ÉHÏ�ÎßÐ{Ò�ÉHÈ�Í ÕHÈ ÖRÏ�Ä"Ó�ÕHÖ
Í Ä�ÖIÍbÇÄåÐ{Ä�ÓYÐ{Ä�Î Ø�Ö�Ö�Ò�Ï�ÒÔÓ�Î Ê ÄYÐ�Ö�ÉæÈ�â�ÉHØ�Ê�ÕHÏÔÒ�Ö�Ê�ÄçÄJÖîÐ"ÍbÇÄJÓJØ�Ò×Ð�Í ÕæÈ ÖAÓJÄYÐ�Ð{ÄFÖ�Ä�ÓYÐ{Ò�ÉHÈ �

¬±°�²C°Cú ³G´C»�Ö0¹*ºY´5»R» � ¶ � »�¹L¼F×�¾R»½¼é� ¹ � Ö0¹ � ¾Rµ ¿*º�ÂYºCÖ0ºY¾R¶ m· ¶qº Ö0µW´�ÐRºY¿À¹ � ¿
Ã\Õ�% êæÎ Ø�ÄÌ÷æ�Ô��Ê�ÉHÈlÐlØ�ÄjÏ�ÄÌÅ Ø�Ò�È Ó�ÒÔÅeÄjÍ ÄÌâ�ÉHÈÀÓYÐ{Ò�ÉHÈ ÈÀÄJÊ�ÄJÈlÐ�Í ã�Î È�ÍbÇÄYÐlÄJÓåÐ{ÄJÎÀØëÖ�ÒÔÏ�Ò�ÓJÒ�Î Ê ËÕ�Ê�Ò�ÓJØ�É�'

Å Ò�Ö=ÐlÄJÖ���!IÈ�Í;ÇÄYÐlÄJÓYÐlÄJÎ ØFÄJÖîÐëÓJÉHÊ�ÅeÉHÖæÇÄ�Í ã�Î È�Ö�ÎÀÞ Ö=ÐlØ�Õ�ÐíÍ Ä�Ö�ÒÔÏ�ÒÔÓ�ÒÔÎÀÊ?Í ÉHÅbÇÄ�È ä�Ö�Î ØRÏ�ÄJÙÚÎ Ä�Ï;Í ÄJÖçÅ Ò�Ö=ÐlÄJÖ
Å � Ö�ÉHÈlÐ�ÒÔÊ�Å Ï�ÕHÈlÐWÇÄ�ÄJÖ�ä\Î ÈÀÄ�Ó�ÉHÎ Ó�Æ Ä;% È ÄçÈ � Ä�Ö=Ð�ÇÄJêæÕHÏÔÄ�Ê�ÄJÈlÐ"Ò�Ê�Å Ï�ÕHÈlÐWÇÄJÄFÖ�ÎÀØ�Ï�Õ�â�ÕHÓJÄçÕHØ�Ø�ÒîËÄJØ�ÄJ�

Ã\ÉHØ�Ö�ÙÚÎ ã�Î È ÄCÅ ÕHØîÐ{Ò�ÓJÎ Ï�Ä�Ó�Æ ÕHØ�ê�ÇÄJÄCÅ;ÇÄJÈcËÄåÐ{Ø�ÄCÍÀÕHÈ Ö\ÏÔÄ�ÍbÇÄåÐ{Ä�ÓYÐ{Ä�Î Ø�äÚÄ�ÏÔÏ�Ä5ÅÀØ�ÉzÍ Î ÒÑÐCÍ ÄJÖ\Å ÕHÒ�Ø�Ä�ÖIÇÄ�ÏÔÄ�ÓYÐlØ�ÉHÈ Ö('
Ð{Ø�ÉHÎ Ö��5Ã\ÄëÈ ÉHÊ
ÞÀØ�ÄÌÍ ÄíÅ ÕHÒ�Ø�Ä�Ö
ÓJØæÇÄÀÇÄ�ÄJÖ"Ä�Ö=ÐjÅÀØ�ÉHÅeÉHØ=ÐlÒÔÉæÈ È ÄJÏIËÕ�ÏÔã�ÇÄJÈ Ä�Ø�êHÒ�ÄÌÅeÄJØ�Í Î ÄõÅÀÕHØ�Ï�Õ�ÅÀÕHØ=ÐlÒÔÓ�Î ÏÔÄ��
Ã\ÕõÐ{Ä�È Ö�Ò�ÉHÈUÕHÅ Å Ï�Ò�ÙzÎbÇÄJÄ1ÄJÈlÐ{Ø�ÄjÏÔÄ�Ö�Í ÄJÎ~� â�ÕHÓJÄ�Ö�Ê�ÕHÒÔÈlÐlÒÔÄ�È{Ð6Ï�Õ�àJÉæÈ ÄjÍ ÄjÍbÇÄ�Å ÏÔÄåÐ{Ò�ÉHÈ �p�ÀÉHÎ Ö�Ï�ãÔÕHÓåÐ{Ò�ÉHÈ
Í Î�Ó�Æ ÕæÊëÅ|ÇÄ�ÏÔÄ�ÓYÐlØ�Ò�ÙzÎÀÄjÏÔÄ�Ö"Ó�Æ ÕHØ�êHÄJÖ�ÍbÇÄ�Ø�ÒÑÛWÄ�È{ÐgyèÏ�ÄJÖ�ÇÄJÏ�ÄJÓåÐ{Ø�ÉHÈ ÖIÛ ÄJØ�Ö�Ï�ÄJÖ
ÕHÈ ÉzÍ ÄJÖ"ÄåÐjÏ�ÄJÖIÐlØ�ÉHÎÀÖIÛWÄ�Ø�Ö
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IGÄ � � ÛGä�ã�� � Û!á]çpç � Ý%á��æß��� ������ ßG���� àRúæØ���ägÜ¤ÙÚÙÚáw�æÛ ÷{õÙ�� � ÛGä � ß�áw�æà�ÞØ�ß��� ä � �!ç�Ü�� � �ZÙ � �æáVçËÃ�� � ßG���� àRúæØ���ägÜ¤ÙÚÙÚáw�æÛ å Ù � ã��1�� à¥Ø��Gä � �þä � ç�ÝæÛ å ÙÚØ â Ø]Ù � ã��!Û�ß � ÛÝ?áVÜ¤ß�Û � ä�Ù � ä � ç�ÝæÛ'ß � ç�ÜÚÛ �!� � B áw�Bç � Ý?áVã���á2Ãdä � ��Ü��Zã���ä��BØVÜéä � ç � �gäþÝ � � B áw�Bç�Øw�gä ÷J áVãæÛØ â áw��Û Û��� Ù � à�ägÜ¤á������� Ù � Û�ç��� ägúæálß � Û�Ý � � B áw�BçpØ���ä � Û�Ý��!á]Ý%áVÛ����� Û ÝæØ��*Ù � Û ä��!Ø â ØVãQ= Øw�gäo�� �!Ü � ã��!Ûö MyN2� P å MON ûÚP å M à - P ùB÷ ý � Ã�ãAäÔß � à � ä��!Ø â ØVÜ¤Ù � Ûnä ßæáw��à,ß � à/áVç�ÝæØw� � �qÙ � Ûqß�ÜÉ#�� � � �gä � Û�ç��� ä�úæá¸ß � Û�ß �ç�Øw�æÜnÞ� � � ÞØ�ß��� ä � �Bç�Ü�� � �'ÙÚØ�ç � ÜÚÙ¤Ù � ã�� � áVÝdä�ÜÚáw� Ý%áVã���Ù���� Ù � à1ä��!á��æÜ¤ëPã � ß � Ù � à�ägã�� � ß � Û~m
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�¤� ���� â á � ãAä!¤áw����ßæãÀ�æáVçËÃ�� � ß �d� ��Gä � � � 	 � 	 ç 	 � � ä�ßæãÀ�æáVçCÃ�� � ßG� 	 ç 	 � � 	 �Iä�� 	 à �ó� � B áw�æàA�ä�Úáw� ß �-� � 	 � ����� ß���¤�æà�Úß � �æà �.� ä � áw���Bë¸ã �4�¤� �%�� � � 	 ãQ=e�!á���äÆç � �!ã����� �)�	 � 	 �!áw�nä� � ß � �XÃ � álà���ß �
� ���� à¥á��æß�êä�Úáw��� � ç � �gä ÷ý
	 Ã 	 ���� � ß �,��� � B áw�Bç 	 �æà � ß�ã � �	 � � 	 � ���¤� ßG�����à�Úß � �æà �#� �Gä�Úß � �gä�ÚëPã �_� áVã�� ��� � ë¸ã 	 ä�� � ç��� ä�úæá¸ß � � å� ä 	 ã�à¥ã�� � ß � �'çÐ�� ä�úæá¸ß � �V� � � � çËÃ �¤� �gäqç7 � ã>=����� ����nä � �=�	 � � � É � äþß � �*ä�� 	 à � �A¤�æà � ¤�Ï���� � ÷1[â Úß � ç � �gä �¤� à 	 ��ßG� 	 � ���¤� �Q= � ��� � �Gä � 	 �#���� 	 � ��Gä � ç 	 ��_ �2�Q� �Bç � äTß�� 	 ��� ���� ú � �æß � � � � � É � äTß � �ä�� 	 à � �A��æà � ¤����
� �0�Bã�� ��� � �Q� � B áw�!ç 	 ��à � �Zß � �'çÐ�� ä�úæá¸ß � � ÷
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=US)³ S�= ïdmCWZ`#Ð�_ÒY�\aÖU·�Ó�¼×Y�_�]Îñ�]^_�\a`¶WZ`¶Ð�_¸·�ºUÔ ñ�]^WÂÐ�WÂ`�]^Ó�[:W�Y(\a·�\a`�Ó�¼aW�Y
ý � �á� � ã�� � � ø]÷

- ø]åeøV÷ - �Vå�ø]÷ - û � ä ø]÷
- 3 ç�áw�gä�� � �gä ��� ������ �Bã � ä 	 ä���á2Ãdä � �Pã�� � áVã��Tß � �Zä�� 	 à � � ��>�à � ¤�Ï���� � � ä � áVã��Zã��-�� � � 	 � � � � �Q� à�ä! â � ç � �gäpß �

- 6]ø üVü å - ûVüVüVü å - à üVü]ü � ä
- " üVü]ü ����¤� à�ä��!áw��� ÷´ � à¥áw���nä 	 ä � ëPãG�Úã�� � 	 ã � ç � �gä 	 ä�Úáw��ß ��� 	 çþãAä �  ��� ¤à�éäo�� ¤��éä! 	 ��� ß � � ä�� 	 à � �_¤�æßæã�êäTã�� �0�Q� �Gä �ßG� � Ì�à 	 à�êäo�� ß � ßÏ�� ä � à�ä!¤á�� ��� ã�� áVã,ç�á�¤���nÚç � áw�nä 	 �gä � �!ã� â#	 �gä �¤� ��çÐ�� ägúæá¸ß � � ÷ � � äBä �D�Q� �nä � ß�� � B ��æà 	 à�êäo��!� �nä � ����� �	 � � � ç �  �¤� ç � �gäqß � �A�� � � 	 ãQ=)�Bã��Zã�� ç��� ç � à 	 � 	 � ß � ßÏ�� ä � à�ä!¤á�� ��� ã�� B ���� ëPã � �gäëPã 	 �æß � 	 ß � ����éäo�� ß � ä�� 	 à � �,���êä 	 ��� ß 	 ��� ��� �*ß��� ä � à1ä � ã���� 	 ã � ç � �gä � ÷ � � ä � ç �  �¤� ç � ��ärà¥á��æßæã�êä��	ã�� � ç�á¸ß���à 	 ä!¤áw�pß �A� � 	 ç ��� êä�ãæß � �	 � 	 �!á��Gä� � ß � �0Ã � á¸à���ß �A� ���� à¥áw�æß�éä!¤áw��� � ç � �gäIë¸ã�C� � ä�� 	 ßæã�êä

� 	 � ã�� ���Q� �nä � ßG� � Ì�à 	 à�êäo�� ÷[ý � ��çÐ�� ägúæá¸ß � � 	�â � àTç%�� ��� � B áw�Bç � � 	 � Úß � �Báw�gä�ç�á�¤���/� � �����Ã �¤� ���	à � ä � É � ä � ä��!á���ä�ßæá��æà ��� ã�� �Q� � B áw�!ç 	 �gä � � � áw���!ëPã ����� �'ß � ����éäo�� ��ß � ä�� 	 à � �$�!á���ä.������ â ��
� � ÷´ � à¥áw���nä 	 ä � ��
� 	 �¤� ç � �gäTã�� � àRúPãAä �q��� á2Ã 	 �¤� ß �0� � � Ì�à 	 à�éäo�� ß � ßÏ�� ä � à�ä!¤á�� 	�â � à � 	 ß�Úç7¤�PãAä�Úáw�ßæã5�� � � 	 � ÷

=US)³ S)h ÁµºUÔÕ¹�Ó�]^Ó�\.Y�º}· Ð�W�Y(Ô ÏW�`�â�ºÈÐ�W�YÄ
� á2Ã 	 �¤� ç � �gäþáw��� � ç 	 �BëPã � ëPã ����� �'çÐ�� ä�úæá¸ß � ��ãAä! � �� 	 �gäqã�� � ç%�� �S� � B áw�!ç � ß � N ü �����Báw�gäç�á�¤���A� � �����Ã ��� � 	 ã£�æáVçCÃ�� � ß � ä�� 	 à � �A���êä� 	 �¤� ��ëPã � à �����¤� 	�â � à�ã��uç%�� �S� � B áw�!ç � ß � ø ü ��� ÷ý � ��ç��� ä�ú�álß � � �	 �� àRú 	 �gä� ��� áw� 	 �w� ß � ø ü ��� ��� �!ç � äBä � �gä�ß � ä�� 	 éä � � � � � ��� � çCÃ ��� ßæã;�� � � 	 � ����!ãßæã � ���� 	 ç ��� ��æà 	 ä � ã���ç 	 �� ������� �/�!ãGÃ����� � �gä � ��¤�Gßæã � �æà � ß �0� 	 ß � ����êäo�� ¤��éä! 	 ��� ÷ r � �Úá ��� á����� à �����¤� �	�â � àrã����� àRú 	 ��ä! ��� áw� 	 �w� ß � " ø ����à¥áw�æß�ã��� � �gä7�	 ã�� �$�Q� �Gä � ßæãH�� � � 	 � à 	 �ã�� ��� 	 �Gä� � ß � à ��� ã�y�Rà��G� � �nä � 	 ��ãAä� � ������� � 	 � � � 	 ��� á���êä�úæç � ÷ m 	 ���à � ��çÐ�� ägúæá¸ß � �Zß������� �æß � �gäþç�á������ß ��� 	 ç�ã � ä! ��� Úà�êäo��ß � �ä�� 	 à � � ÷{ �u� �Gä�ß��Ì�à� ��� ß � ß��� ä � �Bç7¤� � � � 	 ëPã �����¤� ß � �Zç��� ä�úæá¸ß � � � �Gä � 	 ç% � ãQ= 	 ß 	 � äo��
� 	 ãqä�� 	 éä � ç � �gäß � �=�� � � 	 ã>= ß � �»m

IGÄ � å à 	 ��àRú 	 à¥ã�� � ßG� ������� � � ���� � � ��ä � ß � � 	Râ#	 �gä 	 �w� � � äÔß � �qß��� � 	�â#	 �gä 	 ��� �
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�!ã� â#	 �gä ��� ��à/áw�æß�êä�Úáw����ß � B áw�æà1ä�Úáw��� � ç � �gä � ä�ß � � �Q� � B á��!ç 	 �æà � �$�!áVãæú 	 éäo���� � ÷J áVã���ä � �gä�áw���µß 	 ��� � 	 �Bã�êä � ß � ß���
� 	 �w� � ��� � � ��¤�æà� � 	 �¤� �µà 	 � 	 à1äo�� ����nä�ÚëPã � �µß � àRú 	 ëPã � ç��� ägúæálß �� � B áw�æà1ä�Úáw�Æß � �Zß� â � ��� � 	 � 	 ç(�� ä�� � � ÷

ãGä " î ø ü PZñHo &�' î " ø PZñ%oqpsr:tÄ
� á2Ã 	 �¤� ç � �gä�à � ä!ä � ç��� ä�úæá¸ß �¼� �Gä �Q� ã ��� � B áw�Bç 	 �gä � ÷ seáVã��*ã��8�� � � 	 � ß �

- " üVüVü ������ à�ä��!áw���,�Báw�� Ì�à 	 à�êäo���� áVã���ã�� � ß � ����éäo�� ß � ä�� 	 à � ���Q=#��
��� �GäÈä�áVãQÇ�á]ã������� B �� �� � ã�� � 	 ãQ= 	 ãAä�� � �Èç��� ägúæálß � � ÷÷F �
��� ã�� � á]ã���ß � ��ß � ����éäo�� ��ß � ä�� 	 à � �A���êä� 	 �¤� ��ß � ü ÷ " ø

d
� ä ü ÷¤ø

d å ë¸ã ��� ëPã � �!á<éä �¤� �� � � 	 ���������!� �nä
� 	 ç�á�¤��� ��� � B áw�Bç 	 �gä � ÷

æZä " î ø ü PZñ%o &�' î ø ü P�ñ%oqu6v9t
ý áw���!ëPã �H� 	 ß � ����éäo�� ¤��êä� 	 ��� � � �Gä � B�	 �Ã ���

ö ü ÷ " ø d � ä ü ÷¤ø
d ù � ä � áVã���ß � ���� � � 	 ã>= ß � B�	 �Ã �¤�	 ç ��� éägãæß � à � äBä � ç��� ä�ú�álß �?� �nä � 	 ��� ã�� �Q� � B á��!ç 	 �gä � ÷ s 	 ��à¥áw�gä�� � ß*�� ��ëPã �7� 	 ß � ����êäo�� ���êä� 	 �¤�	 ã � ç � �gä �

ö�-
d
� ä "

d ù áw��á2Ã�� � � â � ã�� � àRúPãAä � ß �_� � � Ì�à 	 à�êäo���� 	 �9� 	 ��� áw�nä 	 ãQ= 	 ãdä�� � �3çÐ�� ä�úæá¸ß � � ÷r â � àÔã�� � ß � ����êäo�� ¤��êä 	 �¤� ß � ü ÷¤ø
d á�� 	 äBä � ¤�gä ã�� ��� Ì�à 	 à�éäo�� ß � 6Ú3

d
� á]ã��þß � �qß � ����êäo�� ��ß �" ÷Úø d � áVã��Zã��5�� � � 	 � ß �

- " üVüVü ������ à�ä��!áw��� � ä�ß � "
d
� áVã���ã��4�� � � 	 � ß �

- à ü]üVü ����¤� à1ä��!á���� ÷s 	 � 	  ����� ã����qá��]��� 	 ��� �BálàRú � ßæã³ç 	 =*¤ç�ãæç ßG� � Ì�à 	 à�éäo�� 	Râ � àÔã�� � à¥áVã � ã�� � �!ã�� ��� � � ã� �
' �

��� ã�������¤� â ���� ëPãG� 	�â � à �¤� � 	 ãdä�� � �Zç��� ä�úæá¸ß � � ÷

ëvä " î N ü P�ñ%o &�' î " ø PZñHoPpsr:t
ý áw���!ëPã �A� 	 ß � ����éäo�� ¤��êä� 	 �¤�V� �Gä "

d à � ä!ä � çÐ�� ägúæá¸ß �í� �Gä � 	 ��� ã�� ��� � B áw�Bç 	 ��ä � ëPã ��� ëPã � �!á<éä �¤��� � � 	 � ÷ m 	 ��Èáw�Ôá2Ã�� � � â � ã�� � àRúPãAä � ß ��� � � Ì�à 	 à�êäo�� � 	 �#� 	 ��� áw�nä 	 ãQ= 	 ãAä�� � ��çÐ�� ä�úæá¸ß � � � áw���!ëPã �
� 	 ç�ã � ä� ��� Úà�êäo�� ß � ��ä�� 	 à � �$���êä� 	 �¤� � � �näqß � ü ÷ " ø

d
� ä ü ÷Úø

d ÷
r â � à�ã�� � ß � ����êäo�� ¤��éä 	 �¤� ß � "

d
� ä � á]ã���ß � ��ß � ����êäo�� �rß � �

d á�� 	 äBä � ��gä�ã�� �S� Ì�à 	 à�êäo�� ß �6 à d � á]ã��Zã��4�� � � 	 � ß �
- " ü]üVü ����¤� à1ä��!á���� � ä�ß � 6 û

d
� áVã��Zã��-�� � � 	 � ß �

- 6Vø ü]ü ������ à�ä��!áw��� ÷s 	 ��à/áw�gä�� ��� á]ã��Èá2Ãdä � �����ã�� �N� Ì�à 	 à�êäo�� ß � 623
d  ��� �Gä!���� à � ��� 	 �� � ßG� 	 ����� ¤ëPã � ��ã�� � à/áVã � ã�� ��!ã�� �¤� Ã��!ã�éä B�	 �Ã �¤� à�� � �Gä9�	 ß��� � � �!á¸àRú � ß � ß � ã>=@�� � ç 	V÷

�Zä " î N ü PZñ%o &�' î ø ü P�ñ%oqu6v9t
� � ä!ä � ç��� ä�ú�álß ��� �Gä � 	 ç�á�¤���D� � ����Ã �¤� 	 ãQ= ß� â � ��� � � â�	 �� 	 ä�Úáw���Iß � � � 	 � 	 ç(�� ä�� � � ÷

I ã�� � � � �Q�� � çËÃ �¤� ß � �Zà¥áw��ß�éä!¤á������� ä�ãæß����
� � �������S� �nä � 	 ��� ã�� �Q� � B áw�!ç 	 �gä � ÷r â � à#ã�� � ß � ����êäo�� ¤��êä� 	 ��� ß � "
d å á�� 	 ä!ä � ¤��ä#ã�� �I� Ìpà 	 à�êäo�� ß � 6 û

d 	�â � à ã�� � ß � ����êäo��ß � ä�� 	 à � �þß � �
d
� á]ã���ã��]�� � � 	 � ß �

- 6]ø üVü ����¤� à�ä��!áw��� � ä,ß � �V÷¤ø
d
� áVã���ã��w�� � � 	 � ß �

- ûVüVü]ü
����¤� à1ä��Báw��� ÷ý � � É � äZß �3� 	 ��� �Gä � ß � �� � � 	 � ß��ã � �	 ã�� � ç%�� �h� � B áw�!ç � à¥áVã��nä �#� �Gä�à¥áVç �Q� ��������/� 	 �3ã��'ä�� 	 êä � �ç � �gä�ß�ã��� � � 	 � ëPã�PãAä! � �� �3� � � ��� � çËÃ �¤� ß ��� ���� B áw�!ç 	 ä!¤áw������!ã � ßæãËÃ � á¸à ß �3� ���� à¥á��æß�êä�Úáw��� � ç � �gä ÷
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=US)³ S�x Áµâ�ºU\\[ ¹Ëº}_�]½¼aW [:\.]^[:_�\a`#cedjf
kyb«¾ ¿�ÀÂÁ
ý � ��ç �  ���¤� ã����V���� �Bã � ä 	 ä��A�Bã�� � � � ��� � çCÃ �¤� ß � � � 	 � 	 ç9�� ä�� � �1�� ägãæß���� �Záw�gä£�� äo�� á2ÃAä � �Pã�� 	�â � à�ã�� �ç%�� ��� � B á��!ç � ß � N ü ���A�!ã� â µß��¤ã����� àRú 	 �gä� ��� áw� 	 ��� ß �

&�' î ø ü ��� ÷$ �#à�¤�!à/ã�éä 	�â � à�ã��Î�� àRú 	 �gä� ��� áw��� 	 �w� ß � ø ü ��� � áVã�� �¤� � m
IGÄ �zÚç ��� ¤ëPã � � 	 êäpã�� � ç�á¸ß��>�à 	 ä�Úáw��ß ��� 	 � á � Úë¸ã � ß � à¥áw�gä����á �¤� ß � �Èà���Bà¥ã�êä�� � äN��� 	 ���!ã�� � � 	 éä ��� ã��Èã�� � à¥á]ç � 	 ä��Ã� � êäo���� 	 � B�	 éä �	�â � à ��� à�¤�!à/ã�éä9�� � Úà�Úãæç ÷�ý � ��ß�Ì�à/ã � äo�� ��ß � �þç�á¸ß���à 	 ä!¤áw���^���� à � ��� 	 ¤� � � � áVã��þá2ÃAä � ��¤�þã��uä ����� àRú 	 �gä� ��� áw��� 	 �w� � � Ç�ã��Gä��� � ��ä � 	 � �¤�!� 	 ¤�uß � �Q� � B áw�!ç 	 �æà � 	 ��� áw�Gäo�� ÷ý � àRú�á�O= 	 ßæáw��à � áw�näo�� â � ���*ã���� 	 à¥à¥á]ã��!à����� � ç � ��ärß �n� 	 à¥á����Gä 	 �gä � ß � ä � ç � � å � ��à/áw��� � � â#	 �gäã��{�� àRú 	 �gä� ��� áw� 	 �w� �	 " ø ��� ÷ � � ä!ä � ç��� ägúæálß �q� �nä ��� ã�� ��� � B áw�Bç 	 ��ä � ëPã � à �����¤� 	�â � à'ã�� � ç7�� �q� �B áw�Bç � ß � ø ü ��� ÷

%ð£�¢ ² +.-z¨�(«¬)0�©,+ó-
F�	 ����à � àRú 	 � éä�� � �æáVã�� 	�â á������� â#	 � ã���S� ä�à¥áVç � 	 ���� ��� ã��� � ã����'çÐ�� ä�úæá¸ß � � � áVã�� �¤� ä�� 	 éä � ç � �gäßæã{�� � � 	 � ß � �Xm
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¾ Ï ³�Ó!¸�¶<À³�³�Å���»ÖÇ�·�¶:´ÛÒ Â ÙÚ·�³ÍCÇ<µ�³ Ã ³�Å�µ Ð Ó Â�Ã ¾�³�´ÛÒ Â ¶ Ð ³�³�ÅF¸0¸�¶ Â Ó�Å�×�Ç�¶�Æ@À³�³�Ód·�ÓßÀ³�´ÛÒ�³ Ã Ç�Ó)¾�³�¸!³�Ó�Å�µ�Ç�ÓdÈ Â ¶0·�Ó"È�¶<À³ Â Æ%È Ã µ�ã�´ Â ¸�³�·�¶¾�³�´ÛÒ Â ¶ Ð ³0È�·�µ�Å3Æ%µ�Ån³�ÓH×�Ç�¶�Æ%³ Â Í�³�´D·�Ó�¸�³�Æ7È�Å3¾�³�Æ7Ç<Ó�¸CÀ³�³D¾�³0����Ó�Å��2º Ã�Â Å�Ç�¶F¸!µ�³�¾�³�´�³\¸-À³Ä¸ Â�Ð ³ Ã ³Å�µ Ð Ó Â<Ã ³�ÅF¸@À³�´ÛÒ Â Ó!¸�µ Ã�Ã Ç�Ó�Ó�À³5ÁÂ ·�Ó�³=×�¶<À³�ÙÚ·�³�Ó�´�³8¾�³�ä��(Ë"å�æ=³\¸ Ã ³�Å9À³�´ÛÒ Â Ó�¸!µ Ã�Ã Ç�Ó�Å�Å�Ç<Ó�¸8ÅF¸�Çç´Ûè:À³�Å�¾ Â Ó�Å·�Ó�³9ÆYÀ³�Æ7Ç<µ�¶�³ Â Ó Â�Ã Ç Ð µ�ÙÚ·�³@éFº�½�ênë=¾�³@� � �)´�³ Ã�Ã · Ã ³�Å��/Ì�µ3·�ÓzÀ³\Í3À³�Ó�³�Æ%³�Ó!¸"³�ÅF¸5Å<À³ Ã ³�´\¸!µ�Ç<Ó�Ó�À³�ì Â<Ã Ç�¶�Å·�ÓíÅ�µ Ð Ó Â�Ã/î �-¾�³-È�¶�³�Æ7µ�³�¶HÓ�µ¹ÍC³ Â ·�¾�³5¾�À³�´ Ã ³�Ó�´ÛÒ�³�Æ7³�Ó!¸@³�ÅF¸d³�Ó!Í�ÇÛï�À³{ÁÂYÃ�Ï º�».¼8½ð³Ä¸ Ã ³�Å7´�³ Ã�Ã · Ã ³�Å´�Ç<¶�¶�³�Å�È2Ç�Ó�¾ Â Ó�¸-ÁÂ ´�³\¸"À³\Í3À³�Ó�³�Æ%³�Ó!¸7Å�Ç�Ó!¸ Ã ·�³�Å0È Â ¶ Ã ³�È�¶�Çç´�³�Å�Å�³�·�¶ Â Ó Â�Ã Ç Ð µ�ÙÚ·�³;éFº�»�Ì�»�ë0ÙÚ·�µ�¸�¶ Â µÑ¸!³

Ã ³�Å µ�Ó�×�Ç�¶�Æ Â ¸!µ�Ç�Ó�Å Â Ó Â�Ã Ç Ð µ�Ùç·�³�Å���²
³%È�¶�Çç´�³�Å�Å�³�·�¶�È*Ç<Å�Å'Á³�¾�³7¾�³�·ÔÜÞÆ7Çç¾�³�Å�¾�³%×�Ç�Ó�´\¸�µ�Ç�Ó�Ó�³�Æ%³�Ó!¸���à�ÓÆ%Ç#¾�³;È�µ�´�ì_Å�³�· Ã ³ Ã�Â ´�³ Ã�Ã · Ã ³(´�Ç�¶�¶�³�Å�È*Ç�Ó�¾ Â Ó!¸�³YÁÂ4Ã�Â Í Â<Ã ³�·�¶�Æ Â Ü*µ�Æ Â<Ã ³H¾�·]Å�µ Ð Ó Â<Ã ÁÂ"Ã�Â Å�Ç�¶F¸!µ�³H¾�·´�µ�¶�´�·�µ¹¸%¾�³�Æ%µ�Å�³=³�Ó"×�Ç�¶�Æ7³�³�Å|¸ Ã ·�³��`à�Ó"Æ%Çç¾�³�¾�À³�´�Ç<Ó�Í�Ç Ã ·Ô¸�µ�Ç�Ó�ì*¸!¶�Ç�µ�Å0´�³ Ã�Ã · Ã ³�Å�´�Ç�Ó�Å<À³�´�·Ô¸�µ¹ÍC³�Å�Å�Ç�Ó!¸
Ã ·�³�Å$È Â ¶ Ã ³ È�¶�Çç´�³�Å�Å�³�·�¶$³\¸A¸�¶ Â µÑ¸CÀ³�³�Å�È Â ¶ Ã�Ï�Â�Ã�Ð Ç�¶�µ¹¸�Ò�Æ7³ ¾�³ ¾�À³�´�Ç�Ó!Í�Ç Ã ·Î¸�µ�Ç�Ó��²
³�Å�Í Â�Ã ³�·�¶�Å Â Ó Â�Ã Ç Ð µ�ÙÚ·�³�Å8ÁÂ;Ã�Â Å�Ç�¶|¸�µ�³�¾�·dÈ�¶�Çç´�³�Å�Å�³�·�¶DÅ�Ç�Ó!¸%Æ�· Ã ¸�µ�È Ã ³\Ü�À³�³�Å7ÁÂ � �HË"å0æ=Å�·�¶0·�Ó�³Å�³�· Ã ³�Å�Ç<¶F¸�µ�³�Å<À³�¶�µ�³ Ã�Ã ³��ÖÊ/³�Å|ï6Å|¸<Á³�Æ7³�¾�³�Æ�· Ã ¸!µ�È Ã ³ÄÜ Â<Ð ³=Å Ï ³�ñ2³�´Ä¸�·�³�³�ÓdÈ Ã ·�Å�µ�³�·�¶�Å(À³\¸ Â È*³�Å0³�Ó4¶�³ Ð ¶�Ç�·ÎòÈ Â Ó!¸ Ã ³�Å�Í�Ç�µ�³�Å(È Â ¶ Ã Ç�¸"¾�³4ÙÚ· Â ¸!¶�³���½ Â Ó�Å Ã�Â ¸!¶ Â Æ%³d¾�³4Å�Ç�¶F¸!µ�³ Ã ³�Å;È�µ�ÅF¸!³�Å(Ó�³5Å�Ç<Ó�¸"¾�Ç�Ó�´4È Ã ·�ÅÇ�¶�¾�Ç�Ó�Ó�À³�³�Å��
Ì�·�¶ Ã�Â ã Ð ·�¶�³ � ���8Ç<ÓwÈ2³�·Ô¸ Í�Ç�µ�¶ Ã ³�Å ¾�µ�ñ�À³�¶�³�Ó�¸!Å Ø�Ã Çç´�Å µ�Ó�¸CÀ³ Ð ¶<À³�Å�È*Ç<·�¶ Ã ³%´�Ç�Ó!¸�¶�óÇ Ã ³7¾�·Y´�µ�¶�´�·�µÑ¸!�²
³ Ø�Ã Çç´Y¾�³wÈ2Ç Ã�Â ¶�µ�Å Â ¸�µ�Ç�Ó°È2³�¶�Æ7³Ä¸]¾�³ Ð À³�Ó�À³�¶�³�¶ Ã ³�Å7¸!³�Ó�Å�µ�Ç�Ó�Åd³\¸ Ã ³�Å4´�Ç�·�¶ Â Ó!¸�Å5Ó�À³�´�³�Å�Å Â µ�¶�³�Å Â ·×�Ç�Ó�´Ä¸�µ�Ç�Ó�Ó�³�Æ%³�Ó!¸�¾�³�Å3¾�µ�ñ_À³�¶�³�Ó!¸�Å8À³Ä¸ Â�Ð ³�Å3¾�³0´�Ç<Ó�¾�µ¹¸�µ�Ç�Ó�Ó�³�Æ7³�Ó!¸�¾�·(Å�µ Ð Ó Â�Ã �2²:³ Ø�Ã Çç´0¾�³ Ð À³�Ó,À³�¶ Â ¸�µ�Ç�Ó¾ Ï µ�Æ%È�· Ã Å�µ�Ç�Ó4È*³�¶�Æ%³\¸�¾�³ Ð À³�Ó,À³�¶�³�¶$·�Ó4Å�µ Ð Ó Â�Ã ÁÂ%Ã�Ï ³�Ó!¸!¶<À³�³�¾�³�Å�� �<� È�¶<À³ Â Æ7È Ã µ�ã�´ Â ¸�³�·�¶�Å0È2Ç�·�¶ Ã ³n¸�³�Å|¸¾�³ Ã�Â ´ÛÒ Â ó ô�Ó�³ Â Ó Â<Ã Ç Ð µ�ÙÚ·�³��*²
³ Ø�Ã Çç´0¾�³�´�Ç�Ó!¸!¶�óÇ Ã ³0¾�³ Ã�Â Æ@À³�Æ%Ç�µ�¶�³ Â Ó Â�Ã Ç Ð µ�ÙÚ·�³ Ð Á³�¶�³ Ã�Ï À³�´�¶�µÑ¸!·�¶�³D³Ä¸ Ã�Â

Ã ³�´\¸!·�¶�³/¾�³�Å,´�³ Ã�Ã · Ã ³�Å�¾�³ Ã�Ï º�½�ên��²
³n¾�³�¶�Ó�µ�³�¶ Ø�Ã Çç´nÈ2³�¶�Æ7³Ä¸$¾�³n´�Ç�Ó!¸�¶�óÇ Ã ³�¶ Ã ³nÈ�¶�Çç´�³�Å�Å�³�·�¶ Â Ó Â�Ã Ç Ð µ�ÙÚ·�³³\¸�¾�³ ´�Ç�Æ%Æ�·�Ó�µ�ÙÚ·�³�¶ Â ÍC³�´ Ã ³�Æ%Ç�Ó�¾�³ ³\ÜÚ¸CÀ³�¶�µ�³�·�¶$È Â ¶ Ã�Ï µ�Ó!¸�³�¶�Æ@À³�¾�µ Â µ�¶�³�¾�·4È�¶�Ç�¸!Ç#´�Ç Ã ³ Õ � Ê�õ!�
ö�÷Äø*ùûú�ü\ýFþ�ÿ���� ý��'ý��Rü	�
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12mm

128 -> 1

128*160 cellules

Controle de la memoire

analogique

Generation

d’impulsion
Polarisation

128 voies

Preamp/Shaper/Buffer

Memoire analogique

ADB

128 APSP

Mux
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Controle de l’APSP

I2C

ù��� �!#"%$�&('*),+.-0/�13254-3687:9<;>=3+.-�?@+A13;�B(13+C;>9EDGFH).IKJ

² Â ã Ð ·�¶�³L"%$NMdÆ%Ç�Ó!¸�¶�³ Ã�Â ×�Ç�¶�Æ7³7¾�³�Å=¾�Ç�Ó�Ó�À³�³�Å$¸�³ Ã�Ã ³�Å=ÙÚ· Ï ³ Ã�Ã ³�Å=Å�Ç<Ó�¸(×�Ç�·�¶�Ó�µ�³�Å-ÁÂdÃ�Â Å�Ç�¶F¸!µ�³H¾�·´�µ�¶�´�·�µ¹¸O$�² Â ¸�¶ Â Æ7³)¾�³)Å�Ç�¶|¸�µ�³@Å�³Y´�Ç�Æ%È2Ç�Å�³)¾�³(¸!¶�Ç�µ�Å9È Â ¶|¸�µ�³�Å3$�² Â È�¶�³�Æ%µ|Á³�¶�³Y³�Å|¸w·�Óe³�Ó�Å�³�Æ Ø�Ã ³¾�³YÙÚ· Â ¸!¶�³ Ø µÑ¸!Å-Ùç·�µ�µ�Ó�¾�µ�ÙÚ·�³�Ó!¸ Ã�Â È�¶<À³�Å�³�Ó�´�³w¾ Ï ·�Ó�³w³�¶�¶�³�·�¶�$�à_Ó�Å�·�µ¹¸�³-Í6µ�³�Ó�Ó�³�Ó!¸ÞÒÚ·�µ¹¸ Ø µ¹¸�Å5Ùç·�µ¾�À³�ã�Ó�µ�Å�Å�³�Ó!¸ Ã�Ï�Â ¾�¶�³�Å�Å�³A¾�³ Ã�Â ´�Ç Ã Ç�Ó�Ó�³A¾�³ Ã�Â Æ@À³�Æ%Ç�µ�¶�³ Â Ó Â<Ã Ç Ð µ�ÙÚ·�³AÙÚ·�µ�Å|¸�Çç´Ûè<³ Ã ³�ÅG&(M%P5À³�´ÛÒ Â Ó�¸!µ Ã�Ã Ç�Ó�ÅÙÚ·�³ Ã�Ï Ç<Ó@ÍC³�·Ô¸ Ã µ�¶�³@$$² Â ¸�¶�Ç�µ�Å�µ|Á³�Æ%³"È Â ¶|¸�µ�³d³�Å|¸)·�Ó�³dÅ�·�´�´�³�Å�Å�µ�Ç�Ó ¾�³�ÅQ&(M%PwÓ�µ¹ÍC³ Â ·ÔÜ Â Ó Â�Ã Ç Ð µ�ÙÚ·�³�Å¶�³�È�¶<À³�Å�³�Ó�¸ Â Ó!¸0¸!Ç�·Ô¸�³�Å Ã ³�Å,Í�Ç�µ�³�Å$¾�·4´�µ�¶�´�·�µ¹¸O$

8 bits d’adresse

128 niveaux analogiques

21 8

temps

50ns

4 bits d’erreur

ùG�� R!E"%$SMT'*U:B(7@68-�?:-0/�V@BW9X;>-H?@+Y13;�B(13+,;>9ZDGF[)#IHJ

à�Ó-Å�³�ÈÔ¸�³�Æ Ø ¶�³\&�]%]%P=¾�³�·ÔÜ)¾�À³\¸�³�´\¸!³�·�¶�Å�Æ%µ�´�¶�Ç<È�µ�Å|¸�³�Å Â ·9Å�µ Ã µ�´�µ�·�Æ ³Ä¸ ·�Ó-¾�À³\¸!³�´Ä¸�³�·�¶$ËdÌ_^�Ê Ã ·�ÅÈ Â ¶/¾�³�Å$´�µ�¶�´�·�µÑ¸�º0».¼=½ Ç�Ó!¸dÀ³\¸CÀ³/¸!³�Å|¸CÀ³�Å$³�Ó5× Â µ�Å�´�³ Â · Â ·5Ê/àa`Gb0$
²
³$¾�µ�Å�È2Ç�Å�µ¹¸�µ�×.³\Ü*È�À³�¶�µ�Æ%³�Ó!¸ Â�Ã ³�Å|¸D¾�À³�´�¶�µÑ¸0¾ Â Ó�Å Ã�Â Å�³�´\¸!µ�Ç<Ó\M�ì Ã�Â Å�³�´\¸!µ�Ç<Ó\c�¾�À³\¸ Â µ Ã�Ã ³ Ã�Â È�¶�Ç#´�À³�¾�·�¶�³¾ Ï�Â Ó Â�Ã ï*Å�³$ÙÚ·�µ Â À³\¸CÀ³A·Ô¸!µ Ã µ�Å<À³�³($Bà_Ó�ã�Ó Ã ³�Å�¾�³�·ÔÜ-¾�³�¶�Ó�µ|Á³�¶�³�Å3Å�³�´Ä¸�µ�Ç�Ó�Å_¾�Ç�Ó�Ó�³�Ó!¸ Ã ³�Å_¶<À³�Å�· Ã ¸ Â ¸�Å�Ç Ø ¸!³�ÓÚ·�Å

Â ÍC³�´ Ã ³�Å$¾�À³\¸!³�´Ä¸�³�·�¶�Å$Å�µ Ã µ�´�µ�·�Æ ³\¸�Ë"Ì�^�ÊR$

&(d�ä



�4�3e ±P£ © ¦4� © £��/£Of ¨hg ¦c§¨ �_£Oi ¨ ¤=�/ª�j
Ê/³�ÅB¸!³�Å|¸�Å
Ç�Ó!¸�À³\¸CÀ³,³�ñ*³�´\¸!·,À³�Å Â ·�È�¶'Á³�Å
¾�³ Ã�Ï�Â ´�´�À³ Ã À³�¶ Â ¸!³�·�¶:»�Ì�¾�· Ê/àk`Gb&ÙÚ·�µ�¾�À³ Ã µÑÍ*¶ Â µÑ¸�·�Ó�× Â µ�Å�´�³ Â ·¾�³ È�µ�Ç�Ó�Å Â ·5Æ%µ�Ó�µ�Æ�·�Æ ¾ Ï µ�Ç�Ó�µ�Å Â ¸�µ�Ç�Ó4¾ Ï À³�Ó�³�¶ Ð µ�³lM%d%dK^�³\¼[m�´@$

n0o�pao�q rKsutwvsZx,sZyExCsZz5{}| ~5���
²
³,Å�· Ø ÅF¸!¶ Â ¸�·Ô¸!µ Ã µ�Å<À³_³�ÅF¸_³�ÓAÍ�³�¶�¶�³�½5M%"%c/¾�³kc%dTd��,Æ°¾ Ï À³�È Â µ�Å�Å�³�·�¶ÖÅ�·�¶ Ã ³�ÙÚ·�³ Ã Å�Ç<Ó�¸ Ã µ¹¸�Ò�Ç Ð ¶ Â È�Ò�µ�À³�³�Å¾�³�Å�È�µ�Å|¸�³�Å ³�Ó Â<Ã ·�Æ%µ�Ó�µ�·�ÆK$�Õ Ã ³�Å|¸H¾�³8×�Ç�¶�Æ%³�¸!¶ Â È�À³�æ�Ç�� ô�¾ Â<Ã ³%³\¸8Å Â-Ð À³�Ç<Æ@À³Ä¸�¶�µ�³%´�Ç<¶�¶�³�Å�È2Ç�Ó�¾íÁÂ ´�³ Ã�Ã ³¾�³�Å3¾�À³Ä¸�³�´Ä¸�³�·�¶�Ån·Î¸�µ Ã µ�Å<À³�ÅnÈ*Ç<·�¶ Ã ³�Å
¸�³�ÅF¸�Å�Ë���&A¾�³�Ê/ËdÌYéFË"µ Ã ³�ÅF¸!Ç�Ó�³h�BÇ�¶�� Â ¶�¾Q&'ë0��M%]%�N$B² Â�Ð ¶ Â Í*·�¶�³

Â À³\¸CÀ³�³�ñ*³�´\¸!·,À³�³�È Â ¶ Ã�Â Å�Ç#´�µ�À³Ä¸CÀ³�� ÈÔ¸�µ�Æ Â Å�è���$² Â ÆYÀ³�´ Â Ó�µ�ÙÚ·�³8³�Å|¸%¾�³�¸Ýï*È2³=×�³�¶�Æ@À³�³�ìÖ´ Ï ³�Å|¸dÁÂ ¾�µ�¶�³�ÙÚ·�³ Ã ³�Å�³\ÜÚ¸�¶<À³�Æ%µÑ¸CÀ³�Å�¾�·dÅ�· Ø Å|¸�¶ Â ¸�ì�³Ä¸8¾�Ç<Ó�´
Ã ³�Å�æ�Ç�Ó�³�Å_¾ Ï�Â<Ã µ�Æ%³�Ó!¸ Â ¸!µ�Ç<ÓHÒ Â ·Ô¸�³�¸�³�Ó�Å�µ�Ç�Ó7³\¸�¾�³ Ã ³�´\¸!·�¶�³A¾�³�Å Â Ó�Ç#¾�³�Å�Ó�³/Å�Ç<Ó�¸�È Â Å_¾ Â Ó�Å Ã�Ï ³�Ó�´�³�µ�Ó!¸�³
Ð�Â æ�³�·�Å�³�Æ Â µ�Å�ÁÂ%Ã�Ï�Â µ�¶3$
��Ó�³8È Ã�Â ÙÚ·�³8¾�³8¾�·�¶ Â�Ã Å�·�¶ Ã�Â ÙÚ·�³ Ã�Ã ³8³�ÅF¸7´�Ç Ã�Ã À³�³ Ã ³8Å�· Ø ÅF¸!¶ Â ¸7Å�³�¶|¸7¾�³=Å�·�È�È*Ç<¶F¸7Æ@À³�´ Â Ó�µ�Ùç·�³@$,²
³¾�·�¶ Â�Ã ³�ÅF¸�·�Ó Â�Ã�Ã µ Â�Ð ³�´�Ç�Æ%È*Ç�Å<À³ ¾ Ï�Â<Ã ·�Æ%µ�Ó�µ�·�Æ%ì:¾�³�´�·�µ¹Í*¶�³ ³\¸�¾�³�Æ Â�Ð Ó�À³�Å�µ�·�ÆK$Z�0Ó-È�¶�³�Æ%µ�³�¶A´ Â ¾�¶�³Å�·�¶ Ã ³�ÙÚ·�³ Ã ³�Å|¸3¸!³�Ó�¾�·�³0·�Ó�³�×�³�·�µ Ã�Ã ³�¾ Ï�Â<Ã ·�Æ%µ�Ó�µ�·�Æ ¾�³�MTd��,Æ ¾ Ï À³�È Â µ�Å�Å�³�·�¶nÅ�³�¶F¸D¾�³�È Ã�Â ÓH¾�³0¾�À³�¶�µ¹ÍC³($

�0Ó&¾�³�·ÔÜ*µ|Á³�Æ7³4´ Â ¾�¶�³-³�Å|¸d·Î¸�µ Ã µ�Å<À³5È*Ç<·�¶8×�³�¶�Æ7³�¶ Ã ³-¾�À³Ä¸�³�´Ä¸�³�·�¶3$A½�³�·ÎÜe×�³�·�µ Ã�Ã ³�Å�ì Ã�Ï ·�Ó�³5³�Ó&è Â ÈÔ¸!Ç�Ó´�·�µÑÍ*¶<À³�³\¸ Ã�Ï�Â ·Ô¸�¶�³�³�Ó4ÆAï Ã�Â ¶ Â�Ã ·�Æ%µ�Ó�µ�Å<À³�×�³�¶�Æ%³�Ó!¸�Ò�³�¶�Æ@À³\¸�µ�ÙÚ·�³�Æ%³�Ó�¸ Ã�Ï ³�Ó�´�³�µ�Ó!¸�³ Ð<Â æ�³�·�Å�³($²
³�Å8¾�µ�ñ_À³�¶�³�Ó!¸�³�Å%È�µ|Á³�´�³�Å8¾�³9Å�·�È�È*Ç�¶|¸�Å8ÆYÀ³�´ Â Ó�µ�ÙÚ·�³�Å%Å�Ç<Ó�¸5´�Ç Ã�Ã À³�³�Å Â ÍC³�´9¾�³ Ã�Â ´�Ç Ã�Ã ³\�Td%�"¾�³ Ã�ÂÅ�Çç´�µ\À³\¸CÀ³�à�È*Ç�¸!³�´ÛÒ�Ó!ï���$6²:³0´�Ç Ã�Ã�Â<Ð ³D¾�·-Å�· Ø ÅF¸!¶ Â ¸�³Ä¸ Ã�Ï À³\¸ Â Ó�´ÛÒ�À³�µÑ¸CÀ³ Ç�Ó!¸4À³\¸CÀ³0³�ñ2³�´\¸!·�À³�Å Â ÍC³�´ ·�Ó�³�´�Ç Ã�Ã ³µ�Å�Ç Ã�Â Ó!¸�³�ÙÚ·�µ�È*Ç Ã ï*Æ@À³�¶�µ�Å�³(ÁÂ ×�¶�Ç<µ�¾IéFàkc%d%M<ë3$
��ÓwÅ�³�· Ã ´�µ�¶�´�·�µ¹¸Yé|º0».¼8½3ò�"�ë Â À³Ä¸CÀ³7´�Ç�Ó�Ó�³�´Ä¸CÀ³dÁÂ ´�³\¸�¸!³H´ÛÒ Â Æ Ø ¶�³)é|ã Ð ·�¶�³�"T$Sc�ë�$,½�³%Æ Â Ó�µ|Á³�¶�³dÁÂÈ�¶�Ç�¸CÀ³ Ð ³�¶�´�³8´�µ�¶�´�·�µÑ¸7³�Ó@´ Â ÅD¾�³8¾�À³�´ÛÒ Â ¶ Ð ³�ÅHÁÂ9Ã�Ï µ�Ó!¸CÀ³�¶�µ�³�·�¶ ¾�³ Ã�Â ´ÛÒ Â Æ Ø ¶�³%Ó�Ç�·�Å Â Í�Ç�Ó�Å ·Ô¸!µ Ã µ�Å<À³8·�Ó

Â ¾ Â ÈÔ¸ Â ¸!³�·�¶A¾�³ È Â Å$¾�Ç�Ó!¸�´ÛÒ Â ÙÚ·�³�È�µ�Å|¸�³ È*Ç<Å�Å'Á³�¾�³�È Â ¶A·�Ó�³ ¶<À³�Å�µ�ÅF¸ Â Ó�´�³�¾�³�ä%d%dH�R$²
³�Å:´�Ç�Ó�Ó�³ÄÜ*µ�Ç�Ó�Å:³�Ó!¸�¶�³ Ã ³,´�µ�¶�´�·�µÑ¸�³Ä¸ Ã�Ï�Â ¾ Â ÈÎ¸ Â ¸!³�·�¶�ì�³\¸_´�³ Ã�Ã ³�Å:³�Ó!¸�¶�³ Ã�Ï�Â ¾ Â ÈÔ¸ Â ¸�³�·�¶�³\¸ Ã ³,¾�À³\¸!³�´Ä¸�³�·�¶�ìÅ�Ç<Ó�¸�¶<À³ Â�Ã µ�Å<À³�³�Å0È Â ¶/Æ%µ�´�¶�Ç�òÛÅ�Ç�·�¾�·�¶�³�Å�ÁÂ · Ã ¸!¶ Â Å�Ç�Ó�Å�$

n0o�pao�p rKs���t�vsZxCsZyEx,s�z5{��w���>yE{� ¢¡5�>��x,sZ�����>£>��yE�>z5�
²
³�Å:¾�³�·ÔÜ=¾,À³\¸!³�´\¸!³�·�¶�ÅÖÅ�µ Ã µ�´�µ�·�Æ ·Ô¸�µ Ã µ�Å<À³�Å
È*Ç<·�¶�´�³�Å�¸�³�Å|¸�Å
Å�Ç<Ó�¸�µ�¾�³�Ó!¸!µ�ÙÚ·�³�Å3$ÚÊ/³�Å�Ç�Ó!¸_¾�³�Å:¾�À³\¸�³�´\¸!³�·�¶�ÅÆ%µ�´�¶�Ç�È�µ�Å|¸�³�Å0Å�µ�Æ7È Ã ³�Å�× Â ´�³�Å8ÁÂ ´�Ç�·�È Ã�Â�Ð ³�´ Â È Â ´�µ¹¸�µ�×�$ÖÕ Ã ÅDÅ�Ç�Ó!¸8´�Ç<Æ7È2Ç�Å<À³�ÅD¾�³¤"�ä;È�µ�Å|¸�³�Å0¾�³ Ã ³�´Ä¸�·�¶�³�Å¾�³R� ´�Æ ¾�³ Ã Ç<Ó Ð ì�³�Å�È Â ´�À³�³�Å�¾�³��%d¥��Æ�$��0Ó�³AÈ�µ�ÅF¸!³/µ�Ó!¸�³�¶�ÆYÀ³�¾�µ Â µ�¶�³$³�Å|¸�È�¶<À³�Å�³�Ó!¸!³�³�Ó�¸!¶�³A¾�³�·ÔÜ-È�µ�ÅF¸!³�Å¾�³ Ã ³�´\¸!·�¶�³($²
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  Plan 3  Chi2 / ndf = 95.5971 / 11
Constant= 907.514 +- 19.7439 
Mean    = 0.0141926 +- 0.0146046
Sigma   = 1.03658 +- 0.0120011 
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  Plan 4  
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  Plan 4  Chi2 / ndf = 106.431 / 11
Constant= 756.142 +- 17.1072 
Mean    = 0.100719 +- 0.0217502 
Sigma   = 1.23948 +- 0.0162156 
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  Plan 7  
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  Plan 7  Chi2 / ndf = 70.3291 / 11
Constant= 842.325 +- 18.3596 
Mean    = 0.0335537 +- 0.0178249
Sigma   = 1.12557 +- 0.013239 
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  Plan 8  
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  Plan 8  Chi2 / ndf = 83.2499 / 11
Constant= 891.686 +- 20.2457 
Mean    = -0.249975 +- 0.018019 
Sigma   = 1.05865 +- 0.0140935 
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  APVD_3  Chi2 / ndf = 104.989 / 59

Constant    = 1134.76 +- 26.3331

Most prob= 113.409 +- 0.443728 

Sigma       = 17.4549 +- 0.29609
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  APVD_9  Chi2 / ndf = 85.2349 / 43

Constant    = 927.91 +- 21.5221 

Most prob= 113.68 +- 0.530823 

Sigma       = 16.9687 +- 0.26112
Ð
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Region 1 : pistes  1 - 32 Chi2 / ndf = 64.2557 / 49
Constant= 658.73 +- 0.198375 
Mean    = -2.13509 +- 0.274367 
Sigma   = 30.3309 +- 0.252796 
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Region 2 : pistes 33 - 64 Chi2 / ndf = 58.551 / 48
Constant= 670.862 +- 6.22711 
Mean    = -0.410345 +- 0.203363 
Sigma   = 29.7876 +- 0.0451564 

Bruit de Mode Commun (coups ADC)
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Region 3 : pistes 65 - 96 Chi2 / ndf = 75.1184 / 46
Constant= 682.023 +-  7.41 
Mean    = -0.812006 +- 0.185469 
Sigma   = 29.2619 +- 0.171646 

Bruit de Mode Commun (coups ADC)
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Region 4 : pistes 97 -128 Chi2 / ndf = 59.4918 / 47
Constant= 675.167 +- 6.24072 
Mean    = -2.17123 +- 0.177191 
Sigma   = 29.5971 +- 0.0371644 
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Pad8=0 et Pad7=0 Chi2 / ndf = 121.002 / 13
Constant= 270.399 +- 6.50912 
Mean    = 595.196 +- 0.0754523 
Sigma   = 6.49152 +- 0.0789013 
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Pad8=1 et Pad7=0 Chi2 / ndf = 88.7709 / 15
Constant= 269.583 +- 6.69221 
Mean    = 669.521 +- 0.134156 
Sigma   = 6.52203 +- 0.0862955 
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Pad8=0 et Pad7=1 Chi2 / ndf = 90.1611 / 15
Constant= 539.706 +- 8.94422 
Mean    = 601.894 +- 0.0862409 
Sigma   = 6.69924 +- 0.0514111 
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Pad8=1 et Pad7=1 Chi2 / ndf = 47.5451 / 11
Constant= 264.406 +- 7.37563 
Mean    = 675.63 +- 0.180677 
Sigma   = 6.57553 +- 0.139042 
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  APVD_3  Chi2 / ndf = 68.1184 / 46

Constant= 640.335 +- 19.8796 

Most_prob= 12.3128 +- 0.0838698 

Sigma   = 1.71546 +- 0.0430451 
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  APVD_9  Chi2 / ndf = 51.9978 / 40

Constant= 388.972 +- 16.8958 

Most_prob= 12.0894 +- 0.116766 

Sigma   = 1.72255 +- 0.0661176 
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Bruit de Mode Commun (coups ADC)
-300 -200 -100 0 100 200 300
0

50

100

150

200

250

300

350

Region 1 : pistes  1 - 32 Chi2 / ndf = 82.4441 / 69
Constant= 320.543 +- 3.08109 
Mean    = -1.32391 +- 0.895149 
Sigma   = 92.182 +- 0.27927 

Bruit de Mode Commun (coups ADC)
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Region 2 : pistes 33 - 64 Chi2 / ndf = 64.5882 / 69
Constant= 325.716 +- 3.11212 
Mean    = -1.10394 +- 0.616837 
Sigma   = 90.862 +- 0.25686 

Bruit de Mode Commun (coups ADC)
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Region 3 : pistes 65 - 96 Chi2 / ndf = 76.6417 / 69
Constant= 329.245 +- 3.40963 
Mean    = -1.55293 +- 0.57704 
Sigma   = 89.7285 +- 0.466359 

Bruit de Mode Commun (coups ADC)
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Region 4 : pistes 97 -128 Chi2 / ndf = 60.1746 / 69
Constant= 327.01 +- 19.7989 
Mean    = -1.65875 +- 5.44395 
Sigma   = 90.4682 +- 6.04013 
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lma�^UV�^�jV�n)a�fg�%aUT XidWbea�f�q
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  APVD_3  Chi2 / ndf = 68.6212 / 50

Constant= 1060.96 +- 22.4352 

Most_prob= 6.867 +- 0.0317787 

Sigma   = 1.13871 +- 0.0156677 
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  APVD_9  Chi2 / ndf = 87.9901 / 53

Constant= 594.406 +- 18.2943 

Most_prob= 6.81484 +- 0.0482146 

Sigma   = -1.15073 +- 0.0295651 
Ð
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APVD_3           hp1

Nent = 3703   

Mean = 1.39806

RMS  = 0.504708
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APVD_9           hp1

Nent = 2332   

Mean = 1.4181

RMS  = 0.517016
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Mesures en faisceau 
Mesures sur banc de test électronique

-   Courbe théorique
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Nent = 4348   

Mean = 24.1001

RMS  = 11.2179

Chi2 / ndf = 78.3713 / 74

Constant= 683.244 +- 12.5926 

Most_prob= 17.2913 +- 0.129093 

Sigma   = 5.28237 +- 0.0577808 
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Nent = 4348   
Mean = 1.70285
RMS  = 0.644859
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Chi2 / ndf = 63.2913 / 67
Constant= 204.817 +- 3.09199 
Mean    = -1.90649 +- 0.505273 
Sigma   = 39.5562 +- 0.343844 
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5 S�k�lUk 8]m�nHm^oqpsrk�lut�kvKk m 6Hw�l p v
x myp"o 6Hwzt�k^l p v nHm k�lUk p|{ Z o t�k�w p}o | m�n~p}o 6Hw�t�xdOwúü �4�O�^�%� t�k^l�[ o 6Dw�lo lK6 {yrk�l
J)S{ZVk^vKv
k�x�v�l
x�v { Z7k 8]m^nHm�o�psrkUt�x\Owúü k�l p t�k ` �DG\� k p t�k a G [.6Hx�v m k {7{ k�l�t�k^l�[ o 6Dw�l o l
6 {
rk�lk p t�k�l �O�^� J

5 n n v n kwlk p vKk�t)Z o k\[ nHmyp ¢ x�w't�k�l m v o�p lk�v
k�l�t�kUl rk { k myp"o 6Hw\[.6Hx�v { k�ù LML k^l p x�w�k m 6Hx)[�x�vKk�lKx�v�l
6Hw[ n v n kwlk p vKk>t)Z o k][ nHm;p JRS n [�v rk m�o l o 6Hw n^p
p k^w�t�x�k>lKx�v m k p
p kÅi n v o7n'T�{ k>k^l po w X�rk^v o k�x�v
k ln ` �H� H�kk p t�6Hw mZ{ Z o w���x�k^w m k n^pKp k�w�t�x�kFl
x�v � G�l o w ÿ�� LUk�l p w rk hH{7o1h k n'T�{ k�J

��Z n x p v
k�l o w m k�v p}o�p x�t�k�l7[.k�x�i�k�w p [�v
6jisk�w o v�t�k { ZVk^l p"o k n^p"o 6Hw�t�x T v
x oqp t�k X 6Hw�t�[�v o l�k^w m 6'k][ p kt n w�l { Z n w nD{ ��lKk � t�k {7n s�x nH{7oqpsrk2t�k { ZVk^l p"o k n^p"o 6Hw@k p t�k {7n lK6Hx�l p v nHmyp"o 6Dw�l p}n~p}o l p}o s�x�k]t�x T v
x oqp t�k
X 6Hw�t � t�k { Z n l��Dk rk p v o kW[.6 p k^w p}o k {7{ k|t�k mgf�n v h k�luk�w p v
k { k�l p v nHm k^l mgf�n v h4rk^k�lut n w�l { k T vKx o�p t�k X 6Dw�tk p t�k { Z n lm�Dk rk p v o kZt�x�k ln2{Vn i o 6 {Vn~p}o 6Hw�=4n�k {V{ k � k�vk<k]kZt n w�l { k T v
x o�p t�k X 6Hw�t�JO� {7{ k^lUw�klK6Hw p [ n l[�v o l
k�luk�w m 6'k][ p k�J
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kht�k { Z n w hH{ k � t n w�l {7nt rk m vK6 o l
l n w m k7ù úû|ª �O�^� O úü �«{7n'm 6Hw�w nDo l
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6 o l
l n w m k�t�xes�x n v I 9 n l
lK6 m�o
rk�J{S�k p"n'T�{ k n x } J a t�6Hw�w�k { k^lt o0p¨rk^vKk^w p k�l p k mgf w o s�x�k^l®k p�{ k�l�l
k�w�l o1T�o7{7oqpsrk�l n^p
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k�t)Z rk�i rk^w�k<k]k�w p l�k'k^lKx�v rk�l¤[ n v m k p
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�Åi n w p]{Vn k o lKk2k^w X 6Dw myp"o 6Hw�w�k<k]k�w p t�xºS�<®=�[ { x�l o k^x�vKlZk��D[ rk^v o k�w m k�l mgf k�v mgf k�v
6Hw p ln k]k pKp v
kk�w rk�i o t�k�w m kw[�x o lyln k]k�l
x�vKk^v { k�l|k p k p lFt�k {7n i o 6 {Vn^p"o 6Dwht�k'=4n�t n w�l { kdlm��l p lkFk]k§t�k�lYk rk�l
6Hw�l

T k n x���J� vK6 o l�t�k m k�l2k��D[ rk�v o k^w m k^ldt rk^t o
rk�k�ldln�{7n k]k�l
x�vKkk p ln/{ Z rk p x�t�k�t�k {Vn i o 6 {7n^p}o 6HwÁ=4nÂt n w�l { kl���l p lk<k]kut�k�l�k rk^lK6Hw�l�Ã°6Hw p�m 6'k]k]k�w m�rk�k�l~ln [�v
k�w�t�v
kUt�k�l�t�6Hw�w rk^k�lKJs�k^x���l
6Hw puo w�l p}nD{V{
rk�k^l n x)[�vÎlk^lt)Z nHm�m�rk { k�v n^p k^x�vKl · ¾ · K n l��Dk rk p v o six�k�l¤[�v
6�t�x o l n w p t�k�l�Ä�G »�Å L
Æ4Ã n Ã n v n x)[�vÎlk�l�t�k { Z nHm^m�rk {yrk�v n^p k^x�vnÇ�Ån�N
N G X¬nHo l m k n x��Át�k S k p b J ` � k � �Hm L]ln � S{�U=Âk p Ã)k {V{ k n x)[�vÎlk�lt�k2ÈZ�ÇÈZÃ G X¬nHo l m k n x��Át�k �k p b J a � k �7�Hm L7ln ÈZ�ÇÈ|J{S n|p vK6 o l o lk<k]kF<®�ÇÉ%� � Ã�k^l p x�w�k�k��D[ rk�v o k^w m k�l
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k�l m�n [ nHm�o�psrk^l�[.6Hx�vUv
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l [�6Dx�v n k rk {Vo 6HvKk^v
{ k�x�v
l m^n [ nHm^oqpsrk�l�t�kUk]k�lKx�vKk�t�k�l�[ n v n k�lk p v
k�lut�k {Vn i o 6 {Vn~p}o 6Hw©t�k|=4n�J
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k�l�k pt�k m 6'k][ {
rk p k�v { k�lÏv rk�l
x {qp"n^p l®6 T½p k^w�x�l¤[ n v { k�lÏk��µ[ rk�v o k�w m k�lUs�x o [�vKk^w�w�k^w p t�k�lÏt�6Hw�w rk^k�l n i n w p2{ kt rk T x p t�xdS%<>=UJS�k^l'l
k�w�l o1T�oV{7oqpsrk�l n^pKp k�w�t�x�k�l'lKx�v {7n@{Vn k]k�l
x�vKkt�k�l o w ÿ��Ðn x°t rk<k n v
v n'h k�t�x�S%<>=Ñk p [�6Hx�v
mgf�nHm x�w�k|t�k�l p v
6 o luk��D[ rk�v o k^w m k^l®t�xdS�<®=Òl
6Hw p t�6Hw�w rk^k�lut n w�l { k p"n'T�{ k n x } J0�HJ

�z�D[ rk�v o k^w m k^l � Gcl o w ÿ�� L
ln]{ Z n x T kZt�xeS�<>= Q � »HT Q � aHT Q �'� T � J � a

� � S{� � � J � ` }
=UÎ � � J � ` �

S�<®= T�Q � } T � J � ` }

�)��� ¡ } J0� ¢ÃÊ ¯#�¥g£�ª#£�² £�¦��¯W±J¦�¦ ¯#´°<«µ¯~¥g«�§y²¨±W¹d¯#¥g«�§F¯7°J¯ l o w ÿ���±<«Í°¹�¯#¹d±<§©§F±<Ë�¯W°<«zÓ�Ô�Õ
¯.¦ ¶ ¬<«�§�²¨¯#¥\¦I§F¬<£�¥\¯K� ¶ �¯#§©£�¯#´³g¯#¥7°<«zÓ�Ô�Õ4Ï

ÐeÑKÖ ×ÙØ©Ú�Û Ø.×ºÖÝÜ Ø�Ú
ó>w�k�w�6Hx�isk {V{ k p k mgf w o s�x�k [.6Hx�v { Z7k�� p v nHm;p}o 6Hw/t�xe[ n v n k�lk p v
k � t�x p v oVn w hH{ k|t)Z7x�w o�p}n v oqpsrk�t n w�l

{7n t rk m vK6 o l
l n w m k]ù~úû ª �O�^� Owúü n�rk psrk rk p x�t o
rk�k�J�� {V{ k m 6Hw�l o l p kAln±o t�k^w p"o |�k�v {7n w n^p x�vKkFt�x�k rk^lK6Hwù h v.vnHm kWln|{7n t rk^l o w psrk h v n^p}o 6Hw§t�k�l�k rk^lK6Hw�l*ù2LMLKJ�S n l
k�w�l o1T�oV{7oqpsrk n^p
p k^w�t�x�k%[ n v m k pKp k%k rk p.f 6�t�kuk�l pt�k � J �'ÿ'ÿ J
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S�k m�n t�vKk�t�k m k p v n i nHo7{ t�k p.f lk^lKk nÞrk psrk {7n [�v rkF[ n v n~p}o 6Hwßt�k { Z7k��D[ rk^v o k�w m k�=UÎ � s�x o lKk^v n
o w�l p"nH{V{yrk�k n x)[�vÎlk�l�t�x X x p x�v m 6 {7{Vo l o 6Hw�w�k�x�v�[�vK6 p 6Hw � [�6Dv p 6Dw�S%<>= n xz=U�ÇÉ Ë JS�k p v n i nHo7{%ndm 6Hw m k^vKw rk�t)ZVx�w�kW[ n v p�{ Z rk { k m;p vK6Dw o s�x�k�t�k { k m;p x�v
k�t�k^lÏt rk p k m;p k�x�vKl]ln k o7m v
6'[ o l p k�lk p lK6Dw n t n [ p}n^p"o 6Dw n x,�¯Î � � = � k p t)Z n x p vKk\[ n v p.��{7n k]k�l
x�vKkdt�k {7n i o 6 {7n^p}o 6Hw�t�k {7n lm�µk rk p v o k=4n¦t n w�l { kZl���l p lk<k]kFt�k�l�k rk�lK6Dw�l~ùFJ
� n w�l�x�w [�v
k<k o k^v p k<k][�lÇx�w�k rk p x�t�k m 6Hw m k�v
w n w pu{ k p v nHo�p kFk]k�w p t�x]l o0h w nH{ k pu{ Z n t n [ p}n^p"o 6Dw2t�k

{ Z rk { k myp v
6Hw o s�x�k n x,�zt rk p k myp k�x�v
l¹Î � � = n©rk psrkuk p k myp x rk�k^JDS�k T x p t�x p v nHo�p k<k]k^w p t�x'l o0h w nH{ k^l p t�kv rk^t�x o vKk { Z o w X 6Hv#k n^p"o 6Hw©t rk {7o iOv rk�k7[ n v m k�l>t rk p k myp k�x�v
l]ln x�w�k n k\[ {Vo�p x�t�k�l o0h w o | m^n^p}o isk�6Dx�w�6Hw©t�x[ n l
l n'h k¹t)Z7x�w�k�[ n v p"oVm x { k n i n w p){ ZVk^w�vKk hHo l p v
k<k]k�w p t�k^lÝt�6Dw�w rk�k^lKJ�N { t�6 oqp [�k^v#k]k p
p v
k¹t)Z rk {7o k o w�k�v n xk o k^x�� { ZVkFk\[ oV{ k<k]k�w p t�kÇl o0h w n x��\[�vK6it�x o�p l�t n w�l%t o0p¨rk^vKk^w p l m vK6 o lKkFk]k�w p l�t�k X¬nHo l m k n x���Jtn { x�l o k^x�vKlk rk p^f 6�t�k�l6Hw p@rk psrk rk p x�t o
rk�k^lk p'm 6>k\[ n v rk^k�l\ln [ n v p}o v®t�k2l o kFx {7n^p}o 6Hw�l
J9S n l o k�x {7n^p}o 6Hw n [.k�v_k o lt)Z rk p x�t o k�v { k^lk p k p lt�k {Vn k o lKk]k�w X 6Hv_k]k�t�x@l o0h w nH{0� t�x�v n [)[.6Hv p l o0h w nH{ l
x�v T v
x oqp^� t�x p k<k][�lt)Z rk mgf�n w p"oV{7{ 6Hw n'h kZk p t�k {Vn kFx {qp"o [ {Vo7m�o�psrk o w oqp"oVnD{ kZt�k^l p v nDm k�l �«m k m�o [.6Hx�v mgf�n six�k nD{1h 6Dv o�p.f k]k�JµS%k^lk]k o7{V{ k�x�vKl�v rk�l
x {�p}n^p l¨l
6Hw p 6 T½p k^wix�l n isk m x�w�k%k rk p.f 6it�k T�n l rk�kulKx�vÇx�w�k�l
6'k]k'k�[.6Hw�t rk^v rk�k�t�k p vK6 o l
rk mgf�n w p}o7{V{ 6Hw�l>k�l#[ nHm�rk^k�l®t�k a � w�l n lKlK6 m�oyrk�kyln x�w�kUk o l
kFk^w X 6Dv#k]kZt�k b � w�lKJ
��Z n x p vKk�[ n v pu{ k^l�[�vKk<k o k�v
l p k�l p l¨k^w X¬nDo l m k n x±t�k�t rk p k m;p k^x�vKl¨l o7{Vo7m�o x)k ln k o7m v
6'[ o l p k�l�k p t)Z7x�w�kÎ � � = { x�l~[ n v>t�k�l m�o v m x oqp l��~n � �Ù6Hw p�rk psrk�v rk nD{Vo l rk^lKJà=Uk^l m�o v m x oqp l � X¬n'T v o s�x rk�lk^w p k mgf w�6 { 6 hHo k�Î/N!S{Sßv rk^l o l p}n w p k n x���v n t oVn^p"o 6Dw�l � lK6Hw pm 6Hw�ám x�l [�6Hx�v {7n/{ k myp x�vKk�t�k^l�t rk p k m;p k^x�vKl]l o7{7oVm^o x)k lnk oVm vK6'[ o l p k�lt�k�=UÎ � J��k�l¤k]k^lKx�v
k�l6Hw p�rk psrkFk p k myp x rk�k^lZt n w�l { k^lÏt�k�x,�Ãk]6it�k�lÏt�k X 6Hw m;p}o 6Hw�w�k �k]k�w p t�k�l m�o v m x o�p l�G�[ o7m k p t rk m 6Hw^is6 { x p"o 6Dw)LFk pdm k�l p k�l p lZ6Hw p k]6Hw p v rk]x�w T 6Hw X 6Hw myp}o 6Hw�w�k<k]k�w p

hH{ 6 T�nH{ t�k^l m^o v m x o�p l7k nH{0h v rk±x�whw o i�k n xÁt�k T v
x oqpÁrk { k�i rk±tovxPln x�wÍ[ fàrk�w�6'k�lk�w�k§t3ZV6Hl m�o7{V{7n^p"o 6Hw�lAln
{ Z o w psrk�v o k^x�vZt�x m�o v m x oqp J�S�k2v n [)[.6Hv p l o0h w nH{ lKx�v T v
x oqp k]k^lKx�v rk n i�k m]{ k^lZt rk p k myp k�x�v
lZl o7{Vo7m�o x)kâk�l pt�k ` ÿ k�w\k'6it�k�[ o7m k p t�k%�|k�w�k'6it�k�t rk m 6Hw^is6 { x p"o 6Dw �Oo7{ k�l p t�k ` � n isk m>{Vn Î � � =¤k^wyk]6it�k%[ oVm JS{ZVk 8]m�nHm^oqpsrkr[.6Hx�v { k�lut rk p k myp k�x�v
l>l oV{7o7m�o x)kãk�l p l
x)[ rk�v o k^x�vKkwln S �HG k^wek]6it�kr[ oVm k p l
x)[ rk�v o k^x�vKkwlnS'b G k�wdk]6�t�kZt rk m 6Hw^i�6 { x p}o 6Hw � k p k {7{ kZk^l p t�k S } J ÿHGPn isk mF{7n Î � � =UJ
S n t�k^vKw o lk�v
k][ n v p"o k2t�k m k p v n i nDoV{àm 6Hw m k�vKw�k {7n k]k�l
x�vKk]t�k {7n i o 6 {7n^p"o 6Hw@t�k {7n l��Dk rk p v o kd=4nt n w�l { k)lm��l p lkFk]k>t�k^l�k rk�lK6Dw�l T k n x���J�� n w�l { k)Î�6�tDlk { k � p}n w�t n vKt ��{ k^l�k p k p l { k�l�[ { x�l o k][�6Dv p}n w p lt�k {Vn i o 6 {7n^p}o 6HwXt�k±=4nälK6Hw p§n^pKp k�w�t�x�l�t n w�l m kdl���l p lk<k]k � k p�{ k�l n w hH{ k�lFt�x p v o7n w hH{ k±t)Z7x�w o�p}nÎ�v o�psrk�t�k {7n k n^p v oVm k2=UÈ|Îål
6Hw p 6 T½p k�w�x�l\ln [ n v p}o v®t�k {Vn t o1p¨rk�v
k�w m k2k�w p v
k { k^lÏt�k�x,� {7n v h k^x�vKl®t�k
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t rk^l o w psrk h v n^p}o 6Hw�æ�G ù úû ª ç L¨k p æ�G :ù úû ª :ç LKJRó®w�k>w�6Hx�i�k {7{ k�k rk p.f 6it�kÏt)Z rk p"o s�x�k p}n'h k¤[�6Dx�v { Z o t�k^w �p}o | m^n^p}o 6Hw�t�k {7n w n~p x�v
kFt�k^l%k rk^lK6Hw�l>Ã G�ù úû 6Hx :ù úû L nhrk psrk|t rk�i�k { 6'[)[ rk^k�J9S n'm 6Hw�w nHo lKl n w m k�t�k {7nw n^p x�vKk>t�x�s�x n v I 9Ut)Z76Hv o0hHo w�kÏk^l p 6 Tbp k�w�x�k h v.vnHm k n x§l o1h w�kÏt�xw[ o 6Hw±t n w�l {7n t rk^l o w psrk h v n^p"o 6Hw�t�k�lk rk�l
6Hw�l�k�� m�o�psrk^l¨6Hv T�o�p}nH{ k<k]k�w p ù LML!· ª q · ù~úû J�=Uk p
p k�k rk p^f 6�t�k nzrk psrk n [)[ {7o six rk�kWln|{7n k]k�lKx�vKkut�k{ Z n w hH{ k � t�x p v oVn w hH{ kt3ZVx�w oqp"n v o�psrkZt n w�l { k m^n w nH{ ù%úû ª �O�^� GIH ¾ H�KRL�Owúü GIq ¾ q�KDL
JzS n'm^n [ nHm^oqpsrkt�x�t rk p k myp k^x�vZ=UÎ � ln k]k�l
x�vKk^v m k p]n w hH{ k7[ n v m k p
p k k rk p^f 6�t�k n°rk psrk rk�i nH{ x rk�k2k p |�w nH{ k<k]k^w pd{7nlKk^w�l o0T�o7{Vo�psrkF6 T½p k�w�x�k|lKx�v�l o w ÿ�� k^l p ¢ � G�l o w ÿ�� L öÐ� J �>ÿ'ÿ J
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Q `^T c J Ë nHmgf"p k n w�w ��è%²¨¯#¹d¯#´¦ ±<§é� � ±<§�¦¨£�³.²¨¯ �Çê ��¥g£�³#¥g� � [�v o w h k^v �ð� k^v {7n'h J
QVÿ T =UJV= n lK6±k pFnH{ J �«ë%¯#¸.£�¯Kìè¬yí ¶ ±<§�¦I£�³.²¨¯ ¶ ê �,¥g£�³#¥g� � f k|�Çx�vK6'[.k n w�n f �Ol oVm^nH{%î 6Hx�vKw nH{ = b G `^SHS � L` J
Q bHT Ë J7= n'T�o0T)T 6 �Zïµ�£�¦�±<§Î£�¦µ��¥��,¹ ¹d¯.¦I§é��±<´°A²¨¯ ¶ ¦ ¬<�£�³\°J¯g³g±��,¥g� n f ��lKJàÉuk�i�J S%k pKp k�vKl
J ` � G `^S � b L �a'b ` J

Î/J7È|6 T�n � n l f�o k p � J7Î n l I!n�ð®n'�ÏÕ � ¸.£�¬J²¨±J¦¨£�¬< £� ¦ ê ¯ §F¯#´¬<§©¹d±J² £�¥,±Jª.²¨¯w¦ ê ¯g¬<§é� ¬yí|ì�¯g±�ñ�£�s�
¦ ¯#§F±J³.¦¨£�¬<�� nÇvK6 h J � f k�6DvKJ{n f ��l
J »DS G `^S } b L � � a ÿ J

Q »HT S�Jqò¤6 {0X k�w�l p k o w � � ±<§<±<¹d¯.¦¨§©£�¥,±J¦I£�¬<
¬yí7¦ ê ¯ó\¬Jªg±��3±<¥ ê £¬�MôÍ±<¥�ñ�±�ì�±W¹d±J¦I§©£¬�.� n f �Ol
JÝÉuk�i�J´S%k pKp Ja `]õ#`^S � b L `^S>»'a J
Q aHT Î/J Ë k�x T k^v p.��öø°J¯g³g±���¥\±<´°�Õ � ¸.£�¬J²¨±J¦¨£�¬<�� NMw p k�v
w n^p"o 6Hw nH{«î 6Hx�v
w nH{ 6 X Î/6it�k�v
w�n f �Ol oVm l~� �
� 6 { J `'` � Ë 6 ÿ b�õ_`^SHS �>L � »�` } b � » ÿ bHS J

Q � T É>J0� { k I l n w ��Ó ±r¸.£�¬J²¨±J¦I£�¬< °J¯2Õ � � � m 6 { kFt)Z rk psrkZt�kU[ f �Ol o s�x�k�t�k�l�[ n v p}o7m x { k�l �{� N Ì `^SHS�` J
QV} T î JV<>JV= f v o l p k^w�lK6DwÂk p�nH{ J ��èÅ¸.£�°J¯#´³g¯§í<¬<§P¦ ê ¯Qÿ q °J¯g³g±��è¬yí ¦ ê ¯ Owú� � n f ��lKJ7É>k�iOJ0S�k p
p J `Fbõ#`^S � » L � `Fb � J
QV� T =UJ1n�k p k�vKl
6Hw�k p�nH{ J � Ê ³g±J² £��Ë ¸.£�¬J²¨±J¦I£�¬<�¥U£��£�´³.² «¥g£�¸�¯ · ¾ · K ±<��£ ê £�²¨±J¦¨£�¬<º¥ ¶ ¯g³.¦I§F±<� n f �Ol oVm^nH{É>k�i o k ð � i�6 { J ÿ'}>� Ë 6 `'õ#`~S � b L � ` � a J
Q SHT nOJ Ë n l
6Hw2k punD{ J ��÷ ê ¯%¦ ¬J¦�±J²�³#§F¬<¥g¥u¥,¯g³.¦¨£�¬<Fí<¬<§U¦ ê ¯ ¶ §F¬.°<«z³.¦¨£�¬<Q¬yí ê ¯g±<¸}�'�#«µ±<§éñ.¥*£� ê ±J°<§F¬<�£�³#¥
³g¬J²�² £�¥g£�¬<�¥g� Ë x m�{ k n v�n f ��l o7m l®Ã b � b©õ#`^S �'� L � � �'} J

Q ` � T Ì J0n n v
6�t o k p�nH{ J ��Õ4¬<�¥,¦I§F±<£�´¦¨¥Í¬< ¦ ê ¯ ¶ ±<§F±<¹d¯.¦�¯#§©¥Í¬yíº¦ ê ¯hÕÝóô ¹d±J¦I§©£¬� ªK�XèÅ´°¯ø�ù�ù�ú<�<®�Ån � �Çû � SHS � b � � b J
Q `'`^T =U� Ì�m 6 {7{7n'T 6Dv n^p"o 6Hw � Â ¹d¯g±<¥g«�§©¹d¯#´¦D¬yí l o w ÿ��§í�§F¬<¹ ù ª ���^� O úü ì�£�¦ ê ¦ ê ¯UÕÝüÏýÃ°J¯.¦ ¯g³.¦�¬<§©�=U� Ì9� nÅó®Ã � Ã c �U� c Î � =U� Ì9� » � a'a J
Q ` ÿ T Ã)J0�®w�t�k^vKl
6Hw�k pÏnH{ J � � ±<§>¦�¬<'í�§F±<Ë.¹d¯#´¦�±J¦I£�¬<�±<´°�¥,¦I§©£��Ëy°���´±<¹ £�³#¥g� n f ��lKJOÉuk<[�J S } õ#`^S � b L �b'b J
Q `FbHT ó~� » �'ÿ =U6 {7{Vn>T 6Hv n^p}o 6Hw � � §F¯g°<£�³.¦¨£�¬<�¥º¬<�¦ ê ¯�¦�¬J¦�±J²*³#§F¬<¥g¥w¥,¯g³.¦I£�¬< ±<´°d§F¯g±J² ¶ ±<§�¦U±J¦)Ó�Ô�Õ

±<´° Ê�Ê Õo� n f ��lKJ{S�k pKp k�v
l>Ã b�`Fa©õ#`^SHS>b L a � b J
Q `F»HT �JV�k^w�k h v o0� Ê ¦�±<´°J±<§F°ôÍ¬.°J¯.² ¶ ê �,¥g£�³#¥�±J¦�¦ ê ¯2Ó�Ô�Õÿþ ¶J¶ ³g¬J²�² £�¥g£�¬<�¥��,� nÇvK6 m k^k�t o w h l]6 XÝp^f kS n v h k< n t�v
6Hw=U6 {V{7o t�k�v�ò¦6Dv I l f 6>[ �3� 6 { JVN õ_`^SHS � L a>a � =U�ÇÉ Ë S �Î� ` � J
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Q `FaHT =UÎ � =U6 {V{7n'T 6Hv n~p}o 6Hw �¨÷ ê ¯¤¦¨§F±J³Kñ�¯#§ ¶ §<¬ Ä ¯g³.¦��®÷R¯g³ ê �£�³g±J²!ü]¯#¥g£�Ë.±ë%¯ ¶ ¬<§�¦¨� =U��É Ë � S%<>=U= S �Î��HJ
Q ` � T =UÎ � =U6 {V{7n'T 6Hv n^p"o 6Dw ��÷ ê ¯w¯.²¨¯g³.¦¨§<¬<¹d±<Ë.´¯.¦¨£�³w³g±J²¨¬<§©£�¹d¯.¦�¯#§ ¶ §<¬ Ä ¯g³.¦��±÷R¯g³ ê �£�³g±J²,ü]¯#¥g£�Ë.Xë%¯K�

¶ ¬<§�¦I� =U�ÇÉ Ë � S�<>=U= S }F� b'b J
Q ` } T =UÎ � =U6 {7{Vn>T 6Hv n^p}o 6Hw ��÷ ê ¯ ê ±J°<§F¬< ³g±J²¨¬<§©£�¹d¯.¦�¯#§ ¶ §<¬ Ä ¯g³.¦��Â÷R¯g³ ê �£�³g±J²]ü]¯#¥g£�Ë. ë%¯ ¶ ¬<§�¦¨�=U�ÇÉ Ë � S�<®=U= S }Î� b ` J
Q ` � T =UÎ � =U6 {7{Vn'T 6Hv n^p}o 6Hw �÷ ê ¯A¹d±<Ë.´¯.¦ ¶ §F¬ Ä ¯g³.¦��@÷ ¯g³ ê �£�³g±J²Ýü]¯#¥g£�Ë.¸ë~¯ ¶ ¬<§�¦¨� =U�ÇÉ Ë � S�<®=U=S }F� ` � J
Q `^SHT =UÎ � =U6 {V{7n'T 6Hv n^p"o 6Dw �Ï÷ ê ¯�¹ «µ¬< ¶ §F¬ Ä ¯g³.¦���÷ ¯g³ ê �£�³g±J²�ü]¯#¥g£�Ë.�ë%¯ ¶ ¬<§�¦I� =U�ÇÉ Ë � S�<®=U= S }Î�` � J
QVÿH� T � J�ò¤vK6 mgf w n'�ÇÕÝô Ê ²¨¯#¸�¯.² �~øw¦¨§©£�Ë.Ë�¯#§Î� Ë NMÎ � b � »©õ#`^SHS �'L `F»'b J
QVÿ `^T ÕÝô Ê ¦ ê ¯ ³g¬<¹ ¶ ±J³.¦z¹ «µ¬<º¥,¬J²¨¯#´¬<£�°<� � k mgf w o7m�nD{ [�v
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