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Transfert Cryoline
650 | LHC machine

point 7
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MUTfTS\`Tfg!|�K4L?M�QS[]�-M�TSM�ÍRl?[aTfM!m©��\YTbTWVy��e?[]O?��mk\��JO1VyOwm
l?ejgSL?\Yluh]m n�M�haM�gSg+QSLwVyOv\`O?MbLu\Yl?T�|�K4L?TS\`l?�YLu\YlkQ�QSL?M
r;sq{$n�M!VY�±Éwhah][aOu��VyOwm VYXUXUMUh]MUTWV�Qf[a\`O=dkQSLuM¨mk[]ew\`haM¨�J[ah]h
nwM���Vy[]ORQfVY[aO?M�m�VyQ4��l?hah;ÉuMUh�mD|

K~\�TSM�mkluXUM�QSL?M�g6QSTWV�i�ÉuMUh�m®[aO®QfL?M TSM!�Y[]\YO§\y�qQSL?M
&AMUTSQSMZ� o�MZQSM�XtQf\YT�VYOum æJNS{�s � ¢JÒ¸� Ó �RVylugfgJVyTf\Yl?Owm
QSL?M�e?L?\YQS\kmkMUQSM!XZQS\`TfgW£tdqVyO�[aTf\YO$gSL?[]MUh�mk[]O?�9e?h]VyQSM9¢´gSMUM
�~[]�u|u�?| �`£FLuVYg4n�MUM!O&euh]V`XZM!m&n�MZQB��MUM!O�QfL?M���Vy�YOuMZQ+VyOwm
æJNS{�s � |
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K�Vyn?h]M��k|¥�kÐAo�[ae�\Yh]Mb·�e�M!XZ[aÉwX!V�QS[]\YOwg
^AVyTWVy��MZQfMUT�Ð &)Vyh]l?M`Ð
{FMUORQSTWVyhD��[aM!h]m � | � K
{F\YOumklwXtQS\`T�·�[a¬!M ¢ � ÚuÛ Ú)����£ Ø

�l?�¨nwM!TJ\y�Ar;V�iYM!Tfg �
�?TfMUM�­�e�MUTSQSl?TfM�¢�Lu\YTf[a¬!\YORQfVYh�£ Úw| � �
�?TfMUM�­�e�MUTSQSl?TfM�¢��`MUTSQS[�XUVYh�£ � | ß �
{F\Y[]hDNPOumkluXZQfVyOwXZM Ó | �yÚHs
­���e��M!TSMU�°Qfl?TSOwg Ú�²�­��°Qfl?TSOwg
� ewM!TfVyQS[]O?��{FluTSTfMUORQ � Ó �k­
·RQS\`TSM�m�pHO?MUTf�Yi � Ó ²��
{F\Yh�m�²�V`gSg Úu| Ó Q
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� �Z� o¨| r~VYX!VyTfT
�M!TSM`d ÎSr~sq{Fn p)��e�MUTf[]�-M!ORQfVyhÌ­�TfM!VYÏud
{�pFæ�
qåypF·kK��Pr;pF­qå�r~sq{ * ¤ ��� �`� åymkh°|

� � � sb| 
�Vy��VYgSL?[]��Vud ²©| s�l?LRQf[aO?M!O=d ·D| æJ\�M�g6h]MUT�d
$-| æ�|¥·RQSM!�YMUOwg6\`O=d ÎSæ+VYmk[�V�Qf[a\`O X!Vyh�XZl?h�V�Qf[a\`Oug
��\`TªQSLuM}��Vy[]O g6Lu[aM!h]mk[]O?� �4Vyh]h¸��\`T r~sq{FnuÏud
r~sq{ *�å ¤ c�� Ó � � |

� ��� o¨| r~VYX!VyTfT
�M!TSM`d æ�| r;[aOwmkO?MUT�d ·D| æJ\�M�g6h]MUT�d
$-| æ�|¥·RQSM!�YMUOwg6\`O=d ÎS²�VY[aO TfV`mk[]VyQS[]\YO g6L?[]MUh�m
��\`T QSL?M�r;s
{ * p)��e�MUTf[]�-M!ORQ�V�Q ^/\`[aORQ�cYÏud
r~sq{ *�å ¤ c�� Ó ��Úw|

� Ú � ·�| ��VyTfe?e?[]O?M!O=d
ÎS^)TfMUh][]�-[]OuVYTSi�·RQSlum?i©\y�JQSLuM�² MU�
XWLuVYO?[�XUVyhJ·�l?euew\`T6Q�·RQSTfluXtQfl?TfM&VYOum_² \���[]O?��·�ikg6�
QfMU� ��\YT©QfL?M$r;s
{Fn¦·�l?e�MUTWXZ\`OumkluXZQS[]O?�xo�[ae�\Yh]M
²�VY�YO?MUQfÏudR{�pHæ�

å�p�·kK��³r~pH­
å�r;s
{Fn ¤ ���B� � åy·���|

� � � $-|!�Y\YO�s+\YhaQSMUi`d�ÎS­�e�MUTSQSluTSMATfM!ÍRl?[]TSM!��MUORQfg=VYTS\`l?Oum
[]ORQSMUTWVYXZQS[]\YO&NB^Hc`Ï?dkr;s
{ *Jå ¤ ��� Ó`Ó ��¢°p)��^FK�£t|

� ß�� o¨|¥{�| $qMU\`TS�`MYd}æ�| ��| ²�Vy[a�Dd &b| &ATWVyO?�`\��R[�X VYOum
�w| ­b| ��[]XWL�iYd¶Îfo+M�g6[]�YO}·RQflumkiµ\y�$V r~VyTf�YMZ��$
Vye
·�luewM!TfXU\YOumklwXtQS[]O?� ·�ewM�XtQfTS\`�-MUQSM!T o�[ae�\Yh]M!Ïud
r~sq{ *�å ¤ c�� Ó � Ó |
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�?M�V�Qfl?TSM�g4\y��QSL?Mq��Tf\YORQ6�³MUOwm�M!haM�XtQSTf\YOu[]X!g�QSLuVyQJVYTSM�XU\Y�-�
��\YOzQS\9Vyh]h�r;sq{Fn�mkMZQfM!XZQS\YTWg!d�VyOwm �JL?[�XWL�VYTSM�XZ\`Ok�
g6QSTWVy[]O?M!m$nRi9QfL?M�TSM�ÍRl?[aTfMU��M!O`QWg�\Y��QSLuM�r~sq{Fn�K;Tf[a�Y�
�YM!TJVyOum&o�­���gSikgBQfMU��d?VyTfM�mkM�gSXUTS[]n�M!m�L?MUTfMY|A�?M�V�Qfl?TSM�g
gSewM�XZ[aÉwX�QS\®QSLuM©TSM�Í`lu[aTfMU��MUORQWg�\Y�-V®euVYT6Qf[]XUl?h]VYT g6l?n?�
mkMUQSM!XZQS\`T�VyTfM
m?[]gfXZlugfgSM!m�[aO&QSLuM�Vye?e?Tf\YeuTS[�V�QfMqXWLuVYekQSM!T!|

K4L?M���Tf\YORQ6�³MUOwmvM!haM�XtQSTf\YOu[]X!g
TSM�XZMU[]�YM�VyOwVyh]\Y�YluM-gS[a�Y�
OuVYh]g���Tf\Y� QfL?M-m?MZQSM�XtQf\YTqQSLuVyQ�VyTfM-gSi�OuXWL?Tf\YO?[�g6M�m �J[aQSL
QSLuMbr;s
{ nul?OuXWL�XZTf\`gfgS[aO?��V�Q�Ú Ó ²�s�¬`dwVYOum��blug6Q+mkMU�
h][a�`MUTv¬!MUTf\y�Pg6lue?e?TfM!gfg6M�mzVYOum���\YTf��V�Q6QfM!m�m?VyQfV9Qf\ QfL?M
o�­��¸g6ikg6QSMU� \��`MUTFQSL?M
TfM!V`m��º\`lkQFh][]O?�kgU|)K4L?M�mkMUQSM�XtQS\`T
m?VyQfV_�¨lug6Q�n�Mjn?l "�M!TSM�m«[aO$QSL?Mj��Tf\YORQ6�³MUOum9M!haM�XtQfTS\`Ok�
[�XUg
��\`TbV�QS[]�-M�XZ\YTfTfM!gSew\`Oumk[]O?��Qf\�QSL?M�h�V�QfMUOuXUiv\Y�FQfL?M
r=M!�YM!h�� Ó VyOwm�r=M!�YMUha� � QSTf[a�`�YM!Tfg!|~pFVYXWL�QfTS[]�Y�`MUTS�ºh]MU�`MUh?mkMU�
XZ[�gS[a\`O&TfM!gSl?haQfgJ[]O V�TSM�mkluXZQS[]\YO&\y��QSL?MbVY��\Yl?ORQ�\y�Am?VyQfV
QSLwV�Q
�blug6Qqn�M¨QSTWVyOugS��[�QSQSM!mvmk\��JOug6QSTfM!Vy��d�VyOum�QSL?M!TSMU�
��\YTfM�V��áQfMUT�M�VYXWLjg6QfVY�YM`d;m?V�QWV&��TS\`�ª��VyO�i�n?l "�M!Tfg�X!VyO
n�M��bl?haQS[]e?h]MZ�kM!m&\YORQf\¨QfL?M�gfVy��M
\YlkQfe?lkQ+g6QSTfM!Vy��|

K4L?Mq[a��euV`XtQJ\y�;QSL?M�r;s
{Fn�QfTS[]�Y�`MUT4gSXWLuMU��M�\`O�QfL?M
n?l "�MUTf[]O?��TfM!ÍRl?[]TSM!��MUORQfgJ[]O QfL?M���Tf\YORQ6�³MUOum�M!haM�XtQfTS\`O?[]X!g
[�gFgSL?\��JO�[aO��~[]�u| ß | � |/K4L?M+r;MU�YM!h�� Ó QSTf[]�Y�YM!T)��Vy�`M!g/QfL?M
ÉuTWgBQ�MU�`MUORQ~gSMUh]M!XtQf[a\`O�lugS[aOu�+g6[]�YOwVyh�gD��Tf\Y�zQSL?M4XUVYha\`TS[]��MZ�
QSM!Tfg!d?QfL?M��¨l?\YO mkMUQSM!XZQS\`T+VyOum&QfL?M�e?[]h]MZ�³l?e �YMUQS\u|FN³Q+[�g
[]�-euhaM!�-M!ORQSM!mb[aO�gSe�M!XZ[�Vyh][�g6M�m�LuVyTWmk�4VyTfM/�J[�QfLbVJh�V�QSM!OuXZi
\y� � �YcjXUha\kXW�_XUi�XUhaM�g ¢ � | � Ô gf£Z| K4L?M r=M!�YMUha� � QfTS[]�Y�`MUT
lugSM!g+QSTWVYXW��[]O?��[aO?��\YTf��VyQS[]\YO���Tf\Y�±QSL?M¨�YM!T6QfMZ�&VYOum�QfL?M
��Vy[]O«QSTWVYXW��[]O?�©mkMZQfM!XZQS\YTWg!|�K4LuMv[]�-euhaM!�-M!ORQfV�Qf[a\`O«\y�
QSLuM4r � VYha�`\YTf[�QfL?��g;lwg6M�g~V���[���QSluTSM4\y��g6e�M!XU[]VYhReul?TSe�\`gSM
LuVYTfmk�4VyTfMvVYOum«�´VYTS��g�\y�bL?[]�YL?�ºe�MUTS��\YTf��VyOuXUM�e?Tf\�XUM!g6�
gS\YTWgU|/K4L?Mqh]VyQSMUOwXZi�\y�;QSL?M�r=M!�YM!h�� � Vyh]�Y\`TS[aQSLu��gF[�gF��VYTS[a�
VynuhaM`dun?lkQqha[]��[�QfM!m&Qf\�V���V��k[]�bl?�±\y�H�Y� ß�Ô gU|4­¸gSewMU�
XZ[�VyhwQSTf[]�Y�YM!TFmkM�XZ[�g6[]\YO�l?O?[aQ4[�gH��\YTfM!gSMUMUO�QS\¨m?MUh][a�`MUT�nw\YQSL
r=M!�YM!h�� Ó VYOum�r=MU�`MUha� � QSTf[]�Y�YM!T�mkM!XU[]gS[a\`Oug�QS\&QSLuM���TS\`O`QS�
MUOwm�MUh]M!XtQfTS\`O?[�XUgA[]O�XWL?Tf\YO?\`ha\`�Y[�XUVyhR\YTWmkM!T!d�QfL?MUTfMUn�i-g6[]�-�
e?h][���i�[]O?��QSLuM-[]��e?h]MU��MUORQfVyQS[]\YO�\y�FQSL?M�r � n?l "�M!Tfg!|-K~\
MUOwg6l?TfMjQSLuVyQ&QfL?M�r=MU�`MUha� � ��TS\`ORQ6�³MUOum$n?l "�MUTWg&m?\§O?\YQ
\��YM!T6äw\���d�QSL?M!ib�blwgBQHn�M�XUVYeuVynuhaMJ\Y��g6QS\`TS[]O?�
l?e-QS\¨�`� ß
MU�`MUORQfgJV`XUXUMUekQfM!m&n�i�r=M!�YMUha� Ó |

K4L?M��Y\RVyh4[�g-QS\©mkMU�`MUh]\Ye9Vv��\kmkM!hJ��\YT-QSLuM���TS\`O`QS�
MUOwm MUh]M!XZQSTf\YO?[�XUg�QSLuVyQ���luh�Éuh�g�QSL?Mj�YM!O?MUTWVyhqr;sq{FnzTSMU�
ÍRl?[]TSM!�-M!ORQfgHVYOum�QfLuV�QFX!VyO�n�M�V`m?Vye?QSM!m-Qf\�QSLuM�gSewM�XZ[aÉwX
O?M!M!m?gb\y�JM!V`XWL_g6l?n?�³mkMUQSM�XtQS\`T!|&NPO©QfL?[]gb��V�i`d�XU\Y����\YO
XZ\`��ew\`O?MUORQfgbXUVyO�n�M���\YTfM-M�VYgS[ah]i�[�mkMUORQf[�ÉuM�m©VyOum�mkMU�
�YM!ha\`ewM�m���\`T+Vyh]h=Vyeue?TS\`e?Tf[]VyQSM
g6l?n?�³mkMUQSM�XtQS\`Tfg!|

Level-0
Triggers

Decision
Pipelined L-0
processing @ 40 MHz

L-1 accept 40 kHz

Level-1
Triggers

Decision
Event pipelined L-1
processing @ 1 MHz

L-0 accept 1 MHz

40 MHz detector data

3.2 s

256 s
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­®�YMUOuMUTWVyhR�R[]MU�1\y�uQfL?M���TS\`ORQ6�³MUOumbMUh]M!XtQfTS\`O?[�XUg~[]gAgSL?\��JO
[aO���[]�u| ß | �?|;o�MZQSM�XtQf\YT;gS[a�`OuVyh�gDVyTfM)Vy��e?h][aÉuM!m
VyOwm�g6LuVYewM�mDd
�JL?MUO�VYe?e?Tf\Ye?Tf[�V�QSM`dUVyOwmqVYTSM)g6QS\`TSM�m+[]O�e?[]ewM!ha[]O?M�m�r=MU�`MUha�
Ó n?l "�M!Tfg!|�o�VyQfV�[]O�QfL?M�r=MU�`MUha� Ó n?l "�MUTWgqX!VyO�n�M�VyOuVy�
ha\`�Yl?M/��\`T;mkMUQSM!XZQS\`Tfg��J[aQSL�h][a��[aQSM�m�mki�OuVy��[�X/TfVYO?�YMJ¢´gSluXWL
VYg�QSL?M &AM!T6QfMZ� o+MUQSM�XtQS\`T!d�æJNS{�sbd�VYOum�[aOuO?MUT+QSTWVYXW�YM!TW£Zd
mk[]�Y[aQfVyh~��\YTqmkMZQfM!XZQS\YTWg��J[aQSLjh]VYTS�`M�mki�OuVy��[�X�TWVyO?�`MYdwn?[��
OuVyTfi&\YT+KJo�{�m?V�QWV�¢´gSluXWL�V`gJQSLuM¨XUVYha\`TS[]��MZQfMUT�d?�bl?\`O
mkMZQfM!XZQS\YT�d�VyOum�\`lkQSM!T+QfTfV`XW�YMUTt£t|J�u\YT�m?MZQSM�XtQf\YTWg�euVYT6Qf[]XZ�
[aewV�QS[]O?�©[]O9QSL?Mjr=MU�`MUha� Ó mkM�XZ[�g6[]\YO;dFn?[]OuVYTSi®m?V�QWV«¢�MY| �u|
�bl?\`Ow£td¨\YT�mk[a�`[�QWVyh-m?V�QWV«�J[�QfLÌV«TfM!m?luXZM�m�mki�OuVy��[�X
TfVYO?�YM�m?VyQfV©¢´MY| �u| c�n?[aQ���\YTbX!Vyh]\YTf[a��MZQfMUTWgf£Zd;VyTfM�g6M!ORQ
QS\�QfL?M�r=M!�YMUha� Ó QfTS[]�Y�`MUT4LuVyTWmk�4VyTfMY|

p)�`MUORQfgFVyTfM+VYX!XZMUe?QSM!m�V�QFQSL?Mq\YlkQfe?lkQ4\y�DQfL?Mqr;MU�`MUha�
Ó e?[ae�MUh][]O?M�V�QHVYO-V��`MUTWVy�YMHTfVyQSM4\y� � ²�s�¬`|��u\Yh]ha\��J[]O?�
V
r=M!�YMUha� Ó ÎSV`XUXZM!ekQfÏ�Vyh]h�m?VyQfV��blug6Qqn�M�mk[a�`[�Qf[a¬!M!mDd�[a�HO?\YQ
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ADC/TDC

Detector

Level-1 trigger
data extraction

Mux (32:1)

ADC

Clock
40 MHz

Bunch ID
Event ID

L0 accept
1 MHz

L1 accept
40 kHz

TTC link

Level-0 trigger
data extraction

Zero suppression
Feature extraction

Mux

Amplification & Shaping

Level-0 pipeline buffer
Analog/Digital
128 cells

Derandomiser buffer
8/16 events

Level-1 FIFO buffer
Digital
256 events

Derandomiser buffer
8/16 events

Front-end 
multiplexes

Front-end links @ ~1Gb/s

On detector
Close to detector

Counting room

Ti
m

in
g,

 T
rig

ge
r &

 C
on

tro
l (

TT
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�~[]�YluTSM ß |¥�kÐ)�uTS\`ORQ6�³MUOum�MUh]M!XtQfTS\`O?[�XUgJVyTWXWL?[aQSM�XtQSluTSM`|

Vyh]TSM�VYmki9mk\`O?MYd�nwMU��\YTfMvn�MU[]O?�§g6QS\`TSM�m«[aO$QSL?M�r=M!�YM!h�� �
n?l "�MUT�|Ar=MU�`MUha� Ó ÎfVYXUXUMUekQWgSÏ
X!VyO�nwM��YM!TSibXUha\Rg6MJ[]O�QS[]��MYd
[aOze?Tf[aOuXU[aeuhaM©VYg&XZh]\`gSM�VYg��Y�1OugU|±­µm?MZ�³TfVYOumk\Y��[�g6M!T
n?l "�MUTH¢°��NB� � £�[�gDO?M!M!mkM�m�V�QDQSLuM)\YlkQfe?lkQ;\Y�`QfL?M)e?[]e�MUh][aO?M
VyOumqn�MZ��\`TSM/QfL?M)�bluh�Qf[ae?h]MZ�k[]O?��g6QfVy�`MYd�[aO
\`TfmkM!T�QS\J��V�QWXWL
QSL?M�m?VyQfV�äw\���QSTWV�Ë�X��J[aQSLvQSL?M�g6e�MUM�mvX!VyeuVYn?[ah][aQS[]M!g�\y�
QSL?M \`lkQSeulkQ�euV�QfL=|«K4L?M \Ye?QS[]��VYh�mkMUe?QSL®��\YT�QfL?M�mkMZ�
TfVYOumk\`�-[�gSMUTbnul "�M!T�[]g�XWL?\Rg6M!O©QS\���[aO?[]��[]gSM&QSL?M&[]O?MZ�á�
ÉwXZ[]MUOwXZijQSLuVyQ¨XUVYO�VYTS[�gSM�g6L?\`l?h�m�QSL?M�nul "�M!Tb\��`MUTSäu\���d
�J[�QfL?[]O XZ\YOwgBQfTfVY[aORQfg-[]��ew\Rg6M�m§n�i1QSL?MvXU\`g6Q�\y�
[a��e?h]MZ�
��MUORQfVyQS[]\YO=|�K~VYn?haM ß | � gSL?\���g-QSLuM�[aOuMZË�XZ[]MUOuXU[aM�g���\YT
mk[#"�M!TSM!O`QATfM!V`m��º\`lkQ�QS[]�-M�gfXZM!OuVyTf[]\`g�VyOum¨n?l "�MUT)mkM!ekQSLwgU|
K4L?M TfM!VYmk�º\`lkQ�QS[]�-Mv\y��c ÓYÓ Oug�[]g�\y��g6e�M!XU[]VYh+g6[]�YOu[�É?�
XUVYOuXZM`d�gS[aOwXZM�[aQ-XU\YTfTSM�g6e�\YOumug
QS\ QfL?M�Qf[a��M�OuMUM!m?M!m�Qf\
QSTWVyOugS��[�Q
�bluh�Qf[ae?h]MZ�kM�mvm?VyQfV���TS\`� � ��XWLwVyO?O?M!h]g�lugS[aOu�
QSL?M4Ú Ó ²�s+¬4XUha\kXW��|;N³Q)X!VyObn�M4g6M!MUO¨QSLuVyQ/gfXZM!OuVyTf[a\�{�\YT
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g6��VYhahyh]\`gfg=TWV�QfMY|~·k\Yh]lkQS[]\YO¨{vlugSM!g�QfL?MH\`ekQS[]��Vyh`TSM�VYmk\`lkQ
QS[]��M�\Y��c Ó`Ó Oug�VyOwm1VyO®c��PmkMUM!e1mkMU�ºTWVyOum?\Y��[]gSMUT�d�QSL?M
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mkM!V`m�QS[]��M�XUVyO&n�Mq��V`mkM
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mkMUe?QSL�\y��QSL?M�m?MZ�³TfVYOumk\Y��[�g6M!THQf\ �!ß ¢°·�\`hal?QS[]\YO oq£Z|
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�~[]�YluTSM ß | � ÐHr=M!�YMUha� Ó [aO?MUË�XZ[]MUOuXUi&V`g4��l?OuXZQS[]\YO \y�/QfTS[]�y�
�YMUT4TWV�QfMY|

·k\Y��M�mkMUQSM�XtQS\`TfgH��V�i¨TfM!ÍRl?[]TSM�gSVY�-euhaM�gA��Tf\Y� �-\`TSM
QSLuVYO©\YO?M�n�M!VY�µXUTS\RgSgS[]O?��QS\�n�M�MU�RQfTfV`XtQfM!m���Tf\Y� QSL?M
r=MU�`MUha� Ó e?[]e�MUh][aO?Mv��\YT�M�VYXWL«VYX!XZM!ekQSM�m1QfTS[]�Y�`MUT�|zÊ«[aQSL
��TS\`O`QS�ºM!Oum�MUh]M!XtQfTS\`O?[�XUgJmkM�g6[]�YOugJm?MU�YM!ha\`ewM�m�n�i&­AKJr;­�·
VyOum {�²v· � �t� d4QSL?[�g�X!VyO9n�Mv[]�-euhaM!�-M!ORQSM!m9\`O?h]i§n�i
[aO?Lu[an?[aQS[]O?��QfL?M���\YTf��V�Qf[a\`Oj\Y�FQfTS[]�Y�`MUTWg+��Tf\Y� XZ\YOwg6M�XZlk�
QS[]�YM�n?l?OwXWL�XZTf\`gfg6[]O?�`g!|H­�g+r;s
{Fn LuVYg+V�L?[a�`L�r=M!�YMUha� Ó
QSTf[a�`�YMUT¨TfVyQSM�QSL?[�g���\Yl?h�m_TfM!gSl?haQ-[]O®VjTfMUh�V�QS[]�YM!hai�L?[]�YL
mkM!V`m�QS[]��M&\Y��=µ�:( e�MUT�²vs�¬Y|«K4L?[�g�[�g�XZh]M!VyTfh]i©l?Ok�
mkM!gS[aTWVynuhaMbVYOum�QfL?MUTfMZ��\`TSMbgS\Yh]lkQf[a\`Oug��J[]hah/n�M¨gS\Yl?�`LRQ+QS\
V��Y\Y[�m�QfL?[�gU|
��[]�u| ß | � g6L?\���g�QfL?M�[aO?MUË�XZ[]MUOuXUi�VYg
V���luOuXtQf[a\`Oj\Y�

QSTf[a�`�YMUTFTfVyQSM���\YTJgfXZMUOwVyTf[a\bo¨|?K4L?M�XZ\`ORQSTf[an?l?QS[]\YO�Qf\¨[]Ok�
MZË�XZ[]MUOuXUi®��TS\`� QfL?M�ha[]��[�QfM!m nul "�M!T mkMUekQfL$n�M!XU\Y��M!g
g6[]�YO?[aÉwX!VyORQ�\YO?h]ij��\YT�QfTS[]�Y�`MUT�TWV�QfM!g�VYnw\��`M � |¥�Y��²�s+¬Y|
K4L?M Éu�`l?TSM�Vyh�g6\_gSL?\���g�QSLuVyQ&VYmumk[aOu�©QSL?M���[aOu[a�¨l?�
n?l?OuXWL_gSeuVYXU[aOu��TSM�ÍRl?[aTfMU��M!O`QbV`m?m?g¨V ha\RgSgb\y�+�:(ªe�MUT
²�s�¬`d?VyOum�QSLuVyQ�QfL?[�gJmk\Y��[]OuV�QfM!gF��\YT4QfTS[]�Y�`MUT�TfVyQSM!gFn�MZ�
ha\�� � | �`�-²�s�¬`|

*�l "�MUT4\��`MUTSäu\���gA�blwgBQ4nwM
e?TfMU�`MUORQSM�mDd�[aO�\YTWmkMUTFQS\
g6[]��e?ha[a��i�MU�`MUORQ+VYgfg6M!�bn?h]i�VyOum�e?TfM!gSMUTf�YM
QfL?M�[]ORQSMU�`TS[aQBi
\y��QfL?M m?V�QWV?|®{Fh]M!VYTSh]i�QSL?M�n?l "�MUT�mkM!ekQSLwg�VyOum§TSM�VYm��
\YlkQFgSe�MUM!mug)�blwgBQ�nwM���MUh]h���VyQfXWL?M�m�VYXUTS\RgSgAVYhah�XZ\Y��e�\y�
O?MUORQfg=\y��QSL?M)��TS\`O`QS�ºM!OumqMUh]M!XZQSTf\YO?[�XUg!d�gSluXWLqQSLwV�Q~VJ�`ha\`nuVyh
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gfXWL?MU��M+X!VyO�n�M�[a��e?h]MU��M!O`QfM!m�Qf\�e?TfMU�YM!ORQ)QSTf[a�`�YM!TfgAVYek�
e�M!VyTf[]O?�§VyQ�Qf\R\1�´VYg6Q�V§TWV�QSM`| K4LuM�XUMUORQSTWVyhqTSM�VYmk\`lkQ
gSl?ewM!TS��[�g6\`T�XUVYO§n�M�e?Tf\Y�`TfVY�-��M�m_O?\YQ�QS\©euV`gSg���\YTfM
QSLwVyO V-�Y[]�YMUO&O�l?�bn�MUTJ\Y�~QfTS[]�Y�`MUTWg�[aO V-�Y[]�YM!O�QS[]��MY|

K4L?M��`MUTSQSMZ��mkMZQfM!XZQS\YT�VyOum�QSLuM�QSTWVYXW��[]O?��mkMZQfM!XtQf\YTWg
�blwgBQ�d�Vy�áQSM!T�mk[]�Y[aQS[�gSVyQS[]\YO=d�gSl?e?e?h]i�n?[aOwVyTfi&m?VyQfV�Qf\�QfL?M
r=M!�YM!h��³h�QSTf[a�`�YMUT-e?Tf\kXZM!gfgS[aO?��g6ikg6QSM!�&|§o+l?Tf[]O?�vQfL?M�h]Vy�
QSM!OuXZi�\Y�Jr;MU�`MUha� � d;QfL?M�MU�`MUORQ¨m?VyQfV �J[]h]hFn�M�g6QS\YTfM!m�[]O
QSLuM�r=M!�YM!h�� � n?l "�MUT�d`�JLu[]XWL�XU\Y��e?Tf[]gSM!gHV
É?�kM!m�O�l?�¨nwM!T
\y��MU�YM!ORQ�gSha\YQfg!|_K4L?M�m?V�QWVjg6QS\`TfVY�YM�Qf[a��M&\y�ª�Y� ß�Ô g
TfM!ÍRl?[]TSM�g�QfLuV�QqQSL?M�r=M!�YM!h�� � n?l "�MUT
[�g+[]��e?h]MU��MUORQSM�mjV`g
V©mk[]�Y[aQfVYhJn?l "�MUT�| $qluVyTWVyORQSM!MU[]O?�jQSLuVyQ�r=MU�`MUha� � mkM�XZ[a�
gS[a\`OugHVYTSTf[a�`MJ[aO�XZ\YTfTfM!XtQHgSM!ÍRl?M!OuXZM+MUOuVYn?haM�g)QfL?M�r;MU�`MUha� �
n?l "�MUTWg�QS\&nwM�[]��e?haM!��MUORQSM�mvVYg
gS[a��e?h]M��~NB� � ã g!dD�J[aQSL
gSMUeuVYTfVyQS\YTWg�nwMUQB�FM!MUO n?h]\kXW�kg4\y�AMU�`MUORQ+m?V�QWV?|FN³Q+[]g+XZl?TS�
TfMUORQSh]i§M!O��R[�gfVy�YM�m_Qf\©[a��e?h]MU��M!O`Q�QSL?Mjr=MU�`MUha� � n?l "�M!T
lugS[aOu��m?[]gfXZTfMZQfM§��MU��\`TSi¸mkM!��[]XUM!g�XZ\`O`QfTS\`hah]M!mxn�i¸VyO
­�·kNS{�dyVyOum�QSL?[�gAmkM!gS[]�YObXU\Yl?h�m�n�MJXZ\Y����\YOb��\YT/Vyh]hkg6l?n?�
mkMUQSM!XZQS\`Tfg!|H­�O�V`mk��VyORQfVY�YMq\y�/lugS[aO?��m?[]gfXZTfMZQfM��-M!��\YTfi
mkM!�R[�XZM�gA[�g/QSLuVyQ)QSLuM�r=MU�`MUha� � h�V�QfMUOuXUi¨XUVYO�nwMJTfMUh�V�Qf[a�`MUh]i
M!V`g6[]h]i�MZ��QSM!OumkM�mDd?[a��TfM!ÍRl?[]TSM�mD|

K4L?M!TSM4[�g)Vyh�g6\
VqO?MUM�m¨��\YT)mkMU�ºTWVyOum?\Y��[]gfV�Qf[a\`Ob\Y�wQfL?M
m?VyQfV�äw\�� V�Q�QfL?M©\YlkQfe?lkQv\Y�-r;MU�YM!h�� � d���\Yh]h]\��J[aO?�®QfL?M
gfVy��M&VYTS�`l?��MUORQfg�V`g¨lwg6M�m©��\YT-QfL?M r=MU�`MUha� Ó e?[]ewM!ha[]O?MY|
K4L?M�TfM!V`m��³\YlkQ�VyOwm�QSL?M�gSl?nugSM!ÍRl?M!ORQbm?V�QWV e?Tf\�XUM!gfg6[]O?�
V��áQfMUT�QSL?M-r=M!�YMUha� � n?l "�MUTq�blug6Q+n�M¨VynuhaMbQS\�XU\Ye�Mb�J[aQSL
VyO®V��YM!TfVY�YM�MU�`MUORQ¨TWV�QfM�\y��Ú Ó �ks�¬`|�·k[aOuXUM�QfL?M&ew\Rg6[a�
QS[]�YM
r=M!�YM!h�� � mkM�XZ[�g6[]\YOwgFX!VyO�LwVye?e�MUO&VYg4XZh]\`gSM�V`g �+Ô g!d
VyOu\yQSLuMUT���NB� � [�g-O?MUM�mkM!m1QS\©g6QS\`TSM�QSM!�-e�\YTWVyTf[]hai�QfL?M
r=M!�YM!h�� � V`XUXUMUekQfM!m&MU�`MUORQfg!|

�?luhahw¬UMUTf\y�PgSl?e?e?TfM!gfg6[]\YO¨VyOum�m?VyQfV���\YTf��V�Q6Qf[aOu���blug6Q
n�M�ewM!T6��\`TS��M�mvn�MZ��\`TSM�m?VyQfV�VyTfM�mk[�g6euVyQfXWL?M�m�\��YMUTqQfL?M
��Tf\YORQ6�³MUOum-h][aOu��gAQS\
QSLuM+m?V�QWV
VYXUÍRl?[�gS[�Qf[a\`O�gSikgBQfMU��|/K4L?M
��Tf\YORQ6�³MUOum��bl?haQS[]e?h]MZ�kMUTWg;��M!TS�`MFm?VyQfV4��Tf\Y����VyO�i
��\�mk�
l?h]M!g�\`T�XUVyTWm?g�[]ORQS\©gBQfTSlwXtQSluTSM�m1n?h]\kXW�kg�\y��m?V�QWV?dFVYOum
QSLuM!gSMFVyTfMAQfTfVYOug6��[aQ6QfM!m�\��`MUT~g6QfVYOum?VYTfmk[�gSM!m
g6M!TS[�Vyh`ha[]O?�kg!|
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K4L?MJ\`ekQS[]��Vyhke?L�ikg6[�XUVYh�ha\kXUVyQS[]\YO¨\y��QSL?M���Tf\YORQ6�³MUOum¨MUh]M!XZ�
QSTf\YOu[]X!g1[�g9gBQf[ah]h�nwM![aO?� []OR�`M!g6QS[]�`VyQSM!m ��\YT®M!VYXWL±g6l?n?�
mkMUQSM!XZQS\`T!|¯K4L?M�r~sq{Fn�mkMZQfM!XZQS\YT�dqnwM![aO?�«VYO¦Î6\`ewM!OuÏ
g6QSTfluXtQfl?TSM`dyMUOwVyn?h]M!gAV
gS[a�`O?[�É�XUVyORQAeuVYT6QA\y�wQSL?MJM!haM�XtQfTS\`Ok�
[�XUg~QS\�nwM�ha\kX!V�QSM�m Î6\?"w�PmkMUQSM!XZQS\`TfÏu|=K4L?MF�`MUO?M!TfVYhYe?Lu[ah]\`g6�
\YeuLRi�[�g�QSLwV�Q4QSL?M�VYOuVyh]\Y�`l?M���Tf\YORQ6�³MUOwm�VyOwm�QfL?M�r=MU�`MUha�
Ó n?l "�MUT�X!VyO1n�M h]\�X!V�QfM!m_[]OugS[]m?M�QfL?M�mkMUQSM!XZQS\`T!|®K4L?M
r=M!�YM!h�� � n?l "�MUT/g6Lu\Yl?h�m
nwMH\ "��³mkMUQSM�XtQS\`T!d�[]ObVJO?M�VyTfnRi�ha\Y�
XUVyQS[]\YO��JL?M!TSM+TfV`mk[]VyQS[]\YO�[�gHgSlkË�XZ[]MUORQSh]i�ha\��§QSLuVyQ�g6QfVYOk�
m?VYTfmzXZ\Y����MUTWXZ[�Vyh�XU\Y��ew\`O?MUORQWg�X!VyO�nwM�lugSM!mD|±K4L?M
� ²�s�¬�r=M!�YMUha� Ó VYX!XZM!ekQ�TWV�QfMjTfM!ÍRl?[]TSM�g�V®g6[]�YOu[�ÉwX!VyORQ
nuVYOumk�J[�m�QSL V�QJQfL?[�gJnw\`l?Oum?VYTSi`|

æ�V`mk[]VyQS[]\YO&haM!�YM!h]g�[]Oug6[�mkM
QfL?M�r;sq{Fn mkMUQSM�XtQS\`T�mkl?TS�
[]O?�1O?\`TS��VYh+\Ye�MUTWV�Qf[a\`O«VyTfM�M!g6QS[]��V�QSM�m9QS\§nwMj\y��QfL?M
\YTWmkM!T+\y�H� Ó ��TfV`mwå�i`M!VyT�VyQ�V�m?[]g6QfVYOuXZM�\Y� �YÓ XU�¦��Tf\Y�

QSL?M�nwM�Vy�µe?[ae�MY| *�M!X!VylugSM�\y�4QSLuM�Vye?euTS\��k[]��VyQSM � å	��Ø
mkMUe�MUOwmkMUOuXUMYd�gBQWVyOumuVyTWm-XU\Y��e�\YO?M!O`QWgA��V�ibn�M�lugSM!m¨��\YT
TfV`mk[�VyhDmk[�gBQWVyOuXUM!g���Tf\Y� QfL?M�nwM�Vy�à�`TSM�V�QfMUT�QSLuVYO�Ú���MZ�
QSTfM!g!|�­�Q�QSL?[�g�mk[�gBQWVyOuXUM¨QfL?M�[]O`QfMU�`TfVyQSM!m�mk\Rg6M-\��YM!T ��Ó
iYM�VyTWg
[]gbnwM!ha\�� � ��TfV`mD|��uTS\`ORQ6�³MUOum�MUh]M!XZQSTf\YO?[�XUg�lug6M�m
[aOwg6[�mkM�QSL?M mkMUQSM!XZQS\`T-�¨lug6Q-n�M�TfV`mk[]VyQS[]\YOk�³LuVYTfmDd/\`T-VyQ
haM�VYg6QJTfV`mk[]VyQS[]\YO�QS\`haM!TfVYO`Q�|

K4L?M ÉuTWgBQ�h]MU�YM!h©\y�®\ "��³mkMUQSM�XtQS\`T�MUh]M!XtQfTS\`O?[�XUg�[]g
e?h�VYXZM�m�[]O�XUTfVyQSM!g�V���M!� ��MZQfTSM�g�V��4V�i���Tf\Y�¶QfL?M
mkMZQfM!Xt�
QS\`T!|_K4L?M&e�\`gfg6[]n?[]ha[aQBi©\y��muVy��Vy�`M�QS\jQSLuM�M!haM�XtQSTf\YOu[]X!g
XUVYlug6M�m�n�ijQfL?MUTf��VyhFO?MUlkQfTS\`Ougbg6QS[]h]hFLuV`g�Qf\�n�M�MU��VYhalk�
V�QfM!mD|FN³Q�[]gJeuh]VYO?O?M!m&Qf\�lugSM�gBQWVyOum?VYTfm�e�\��FM!T�g6l?eue?ha[]M!g
VyOum©�´VyOug!d)g6\�QSL?M�M "�M!XtQ-\y�JQfL?M���VY�YO?MUQS[�X�ÉuMUh�m���Tf\Y�
QSL?M&mk[]ew\`haM��blug6Q-VYh]gS\ nwM�XZ\`OugS[]mkM!TSM�mD|�K4L?M�g6M�XUTfVyQSM�g
�J[ah]h;\`O?h]i�n�M¨V`XUXZM�gSgS[]n?haM��JLu[ah]Mbr;s
{$[]g�gBQf\Ye?e�M!mD|�K4LuM
O?MZ��Q�haM!�YMUh`\y�?M!haM�XtQSTf\YOu[]X!g=�J[]hah`nwM ßYÓ ��MZQfTSM�g~V��4V�iJ��Tf\Y�
QSL?M�mkMUQSM�XtQS\`T4nwM!L?[aOwm�VbQSL?[�XW��XU\YOuXUTSMUQSM+�4Vyh]hºd�VYhah]\��J[]O?�
VYX!XZM!gfgJmkl?Tf[]O?��r;sq{«\Ye�MUTWV�Qf[a\`O=|
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NPO1QfL?M�XZl?TfTSM!ORQ�gfXWL?MU��M`dAQSL?M mk[�g6QSTf[an?l?QS[]\YO1\Y��QSLuM&Ú Ó
²�s�¬zn?l?OuXWL?�³XUTS\RgSgS[aOu��XUha\kXW�¶VyOum QfL?Mzr;MU�`MUha� Ó VYOum
r=M!�YMUha� � QSTf[a�`�YMUTWg�Qf\�QSLuM)��Tf\YORQ6�³MUOum
M!haM�XtQfTS\`O?[]X!g=[�g=nuV`g6M�m
\YO©QfL?M�gfVy��M&KJK+{¯¢´K~TS[]�Y�`MUT�d�K4[]��[aO?��VyOum®{F\YORQSTf\Yhá£
g6ikg6QSM!� VYg�QfLuV�Q©lugSM!m n�i�QSLuM®\YQSL?M!T_r;s
{ MU��e�MUTf[a�
��MUORQfg�� �Z� |
K4LuM-mk[�g6QSTf[an?l?QS[]\YOv\Y�)QSLuM-r;MU�YM!h�� � QfTS[]�Y�`MUT�d
O?\yQ�e?Tf\���[]m?M!m []OvQfL?M�e?TfM!gSMUORQqmkM�g6[]�YOj\y�FQSL?M�KJK+{�d�[]g
XZl?TfTfMUORQSh]i�nwM![aOu�-g6QSlum?[aM�m�VYOum�e?TfMUh][]�-[]OuVYTSi�TfM!gSl?h�QWg�[aOk�
mk[�XUV�QfM�QfLuV�Q&QSL?M�g6ikg6QSM!��[�g&Vyn?h]M�Qf\1LuVYOumkh]Mjr=M!�YM!h�� �
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K4L?M &AMUTSQSMU�1o+MUQSM�XtQS\`T�LuVYg¨QS\�e?Tf\���[]mkM�e?TfM!XZ[�gSM���M!Vy�
gSl?TSM!��MUORQfgH\y��QSTWVYXW�¨XU\�\YTWmk[aOwV�QSM�gAXZh]\`gSM4QS\�QfL?M�[]ORQSMUTWVYXZ�
QS[]\YO&TfMU�Y[]\YO;|�K4L?M�g6M�VYTSMqlugSM!m�Qf\�TSM�XZ\YOwgBQfTSluXZQ�euTS\kmkluXZ�
QS[]\YO�VyOwm¨mkM�XUV�i��`MUTSQS[�XZM!g�\Y� *F�º��M�g6\`Oug/VyOum¨e?Tf\��R[�mkM�VyO
VYX!XZl?TWV�QfM��-M�VYgSl?TfMU��MUORQ�\y��QSL?M![aT
äw[a�`L`Q�Qf[a��M`d�VYOum�Qf\
��M!V`g6l?TfMqQSL?M�[]��euVYXZQJeuVyTWVy��MZQfMUTJ\Y�~euVYT6Qf[]XUhaM�g4lug6M�m�Qf\
QfVY��QSL?M *¸äwV��`\Yl?T�|�K4L?M &AMUTSQSMZ��o+MUQSM�XtQS\`T¨VYh]gS\�e?TS\Y�
��[]m?M!gA[]Ok��\YTf��V�Qf[a\`O�QS\
QfL?M4QSTf[]�Y�YM!T!d��JLu[]XWL-MUO?Tf[�XWL?M!g�QfL?M
*F�³m?M!XUV�i�XU\YORQSM!ORQ�\y�;QfL?M�m?VyQfV?|

·�[]ha[�XZ\`O mkMZQfM!XZQS\YTWg��J[aQSL$V1g6��Vyh]h+g6QSTf[ae?�ºe?[aQfXWL VYOum
h]\��_�bl?haQS[]e?h]MJgSX!V�Q6QfMUTf[aOu�+LuV��`MFn�MUM!O-XWL?\Rg6M!O�QS\
VYXWLu[aM!�YM
QSLuM!gSM�TfM!ÍRl?[]TfMU��MUORQfg!|¦�u\YT�QSTWVYXW�kg��J[�QfL?[]O$QfL?M©g6e�M!XZ�
QSTf\Y��MUQSMUT�V`XUXUMUekQWVyOuXUMYd�QSLuM�\YekQf[a�¨l?�±VYTSTWVyOu�YMU��M!O`Q�\y�
gS[ah][]XU\YO�mkMUQSM!XZQS\`T=e?h�VyO?M�gD[]g=ewM!TSe�MUOum?[]XUl?h]VYTDQS\�QSL?MAn�M!VY�&|
K4L?M¨MZ��QSTWVye�\Yh�V�Qf[a\`O�mk[]g6QfVYOuXZM¨nwMUQB�FM!MUO QfL?M�ÉwTfg6Q���M!Vy�
gSl?TSM�mbe�\Y[]ORQA\YO¨V+QSTWVYXW��VYOumbQSL?M4e?Tf[a��VYTSi
�YM!T6QfMZ��[�g/TSMU�
mkluXUM!m�n�i�e?h]V`XZ[]O?��QfL?M�mkMZQfM!XZQS\YTWg�V�Q�V�TWVYmk[�Vyh�mk[�gBQWVyOuXUM
��Tf\Y� QSL?M§nwM�Vy� �JL?[�XWL¸[]g�gS��VYhah]MUT�QSLuVYO�QSL?M®Vye�MUTS�
QSluTSM&TSM�ÍRl?[aTfM!m_nRi�QfL?M&r~sq{¶m?l?TS[]O?�j[aO�ÈBM�XtQf[a\`O=|_K4L?[�g
[�g�VYXWL?[]MU�`M!m§n�i_��\Yl?ORQS[]O?��QSLuMvmkMZQfM!XZQS\YTWg�[]O9æ�\Y��VyO
e�\yQfg!|/­®gS[]�-[]h�VyT/mkM!gS[a�`Ob[�g�lug6M�m���\`T~QfL?MJs+pFæ�­J� * &AMUTS�
QSMU��o�MZQfM!XtQf\YT�� �t� d;�JL?[�XWLjMU�kewM!TS[]MUOuXUM!g
euVYT6Qf[]XUhaM¨äulk�kM�g
gS[a��[]h]VYT4QS\�QSLu\`gSMq[]O&QSL?M�r~sq{Fn &AMUTSQSMU��o�MZQSM�XtQf\YT�|

K4L?M�&AMUTSQSMU��o+MUQSM�XtQS\`T4[]g�lugSM!m�[aO�QSLuMqr;MU�YM!h�� � �`MUTS�
QSMU��QSTf[a�`�YMUT�|JK4L?Mbr;MU�YM!h�� � Vyh]�Y\`TS[aQSLu�¦TfM!ÍRl?[]TSM�g+g6QfVyOwm��
Vyh]\YOuM�QSLuTSM!MZ�Pmk[a��M!Oug6[]\YOwVyhuewV�Q6QfMUTfO�TfM!XZ\`�YO?[aQS[]\YO�Qf\¨mk[�g6�
QS[]O?�`l?[]gSL(*H�³MU�`MUORQfgH��Tf\Y�¶QSLu\`gSMq��[]O?[]�bl?�ànu[]V`gFM!�YM!O`QWg
�JL?[�XWL�VyTfMAVYXUXUMUekQfM!mqn�i�QfL?MHr=M!�YM!h�� Ó QSTf[a�`�YMUT�|=­+g~VJXZ\`Ok�
gSM!ÍRl?MUOwXZM�QfL?M &AM!T6QfMZ��o�MZQSM�XtQf\YTqLuVYg+QS\�e?TS\���[�mkM���M!Vy�
gSl?TSM!��MUORQfg�[]O$QfL?TfMUM�[aOwmkMUe�MUOum?MUORQ�e?Tf\yÈBM!XZQS[]\YOug!d�VYOum
QSTWVYXW�kg
[]O�QSL?M�VYXUXUMUekQWVyOuXUM�\y��QSL?M�mk\��JOug6QSTfM!Vy� g6e�M!XZ�
QSTf\Y��MUQSMUT¨VyTfM�TSM�Í`lu[aTfM!mjQS\ LwV��YM�V�Q�h]M!V`gBQ�QfL?TfMUM���M!Vy�
gSl?TSM�m�gSeuV`XZM
ew\`[aORQWgU|
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VYXUXUMUekQWVyOuXUM�\Y�=QSLuMqgSewM�XtQfTS\`�-MUQSM!T�VYTSM�e?TS\Y�
mkluXUM!m«�J[aQSL V_ew\`h]VYT�VyO?�`haM�QfLuV�Q�[]g�QBiReu[]X!Vyh]hai®nwM!ha\��
� Ó`Ó ��TfV`mD|AK4L?M�e?Tf\yÈBM�XtQS[]\YO�\Y��QSL?M�[a��euV`XtQFewVyTWVy��MZQfMUT
\y�~QSL?M�mkM�XUV�i�e?Tf\kmkluXZQfg�QS\-QfL?M
e?TS[]��VyTfi��YM!T6QfMZ��[]O�QfL?M
� �y�³e?h�VyO?Mb[]g�h]VYTS�`MYd?�JLu[ah]Mb[]O�QSL?M¨e?h�VyO?M�e�MUTfe�MUOumk[�XZluh]VYT
QS\¨QSLuM�n�M!VY�¨�PV��k[�g+¢ ����£�[aQ�[�g�g6[]��[ah�VyTFQS\bQSLuVyQ�\Y�=QSTWVYXW�kg
\YTf[]�Y[]OuV�Qf[aO?����Tf\Y� QfL?M�e?Tf[]��VYTSi©�`MUTSQSMU��| K4LuM�r=MU�`MUha�
� QSTf[]�Y�YM!T�MZ�ke?h]\Y[aQfg&QSLu[]g n�i«ÉwTfg6Q TSM�XZ\YOwgBQfTSluXZQS[]O?�9Vyh]h
QSTWVYXW�kg/[]ObQfL?M � �
e?Tf\yÈBM�XtQS[]\YO;dyn?lkQ)TfM!XU\YOug6QSTfluXtQf[aOu�q\`O?h]i
QSLu\`gSMHQfL?TSM!MZ�Pmk[]�-M!OugS[a\`OuVyh`QSTWVYXW�kg=�JLu[]XWL¨LuV��YM�V�gS[a�`O?[aÉ?�
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mkMZQfM!XZQS\YTALwVYg � �+gBQWV�Qf[a\`OugUd�M�VYXWL-XZ\YOwg6[�gBQf[aOu��\Y����g6[]ha[�XZ\`O
mk[�gSX!g�¢ ��VyOum	��g6QSTf[]eugf£Zd?mk[]�R[�mkM�m�[]ORQS\ ß gSM!XtQf\YTWgU|

XUVYO`Q � �¨[]�-ewVYXtQ�euVyTWVy��MUQSMUT�|~s+MUOuXUM�QfL?M�g6QSTf[ae�ewV�Q6QfMUTfO
\YO�QfL?M+mkMUQSM!XZQS\`Tfg/LuV`g)g6QSTf[aeugH�J[�QfL�XZ\`OugBQWVyORQ)TWVYmk[]lug���\YT
QSL?M � �Y�°QfTfV`XW��TfM!XZ\`Oug6QSTfluXtQf[a\`O=dkXZ\Y�¨n?[]O?M!m&�J[aQSL�TfV`mk[�Vyha�
gBQfTS[]ejm?MZQSM�XtQf\YTWg+LuV���[]O?��V�

�
�¨gBQfMUTfMU\&VyO?�`haMbQS\�Vyh]ha\��
QSL?M
QB��\�e?Tf\yÈBM!XZQS[]\YOugFQf\�nwM�XU\Y�bnu[aO?M�mD|

K4L?M�r=MU�`MUha� Ó QSTf[a�`�YM!T�VYX!XZM!ekQfgqMU�`MUORQfg
VyQ
V�TfVyQSM-\y�
� ²�s+¬Yd��JL?[�XWL«TfM!ÍRl?[]TSM�g�QSL?Mj�JL?\Yh]MvmkMUQSM�XtQS\`T�Qf\1n�M
TSM�VYm�\`lkQF�J[aQSLu[aO �+Ô g!|A­�OuVYha\`�Yl?M�TfVyQSL?M!T)QSLwVyO�nu[aOuVYTSi
TSM�VYmk\`lkQ
LuVYg
n�MUM!O�XWLu\`gSMUOjgS[]OuXZM�[aQ�VYhah]\���g���\YT�n�MZQSQSMUT
��\YO?[aQS\`TS[]O?�§VYOum XU\YORQSTf\Yh�\y��QSLuMjM."�M�XtQfg�mkluM�QS\§QSLuM
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mkMZQfM!XZQS\YTWg!|
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�k| �
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44 - 105 µm

40 - 
104 µm

1.0 2.5 [cm] 6.0

40 µm

40 µm

60 µm

80 µm

1.0 2.5 4.1 [cm] 6.0

φ−detector r-detector
61° silicon vertex detector elements

256 + 640 
= 896 strips

2´384 + 256 + 241 
= 1265 strips

(strips not to scale)

LHCb
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O
cc

up
an

cy
 (%

)

Radius (cm)

φ detector
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QS\`Tfg

��M!VYgSl?TfM!m¨[aO-QfL?M�mk\��JOug6QSTfM!VY�¸g6e�M!XZQSTf\Y��MZQfMUT/QSTWV��YM!TfgSM
V�QHh]M!V`gBQFQSL?TfMUM�gBQWV�QS[]\YOwgU|AK4��MUh]�YM�M�Í`lu[]mk[�g6QfVyORQFg6QfVyQS[]\YOug
XZ\��`MUT)QfL?M
[aORQfMUTWVYXtQf[a\`O�TfMU�`[a\`O=d��JL?[ah]M�Éu�YM�g6QfV�Qf[a\`Oug4VyTfM
e?h�VYXZM�m9��l?TSQSL?M!T&m?\��JOugBQfTSM�Vy� QS\®XZ\��YM!T�e�\Yh�VyT�VyO?�`haM�g
mk\��JO9QS\§Vyn�\YlkQ � ����TfV`mD|¸K4L?Mvm?MZQSM�XtQf\YTWg�O?M!M!m9Qf\
nwM&e?Tf\yQfM!XtQfM!m§Vy�`VY[aOwgBQ�æ���e?[�XW��l?e_��Tf\Y� QfL?M�nwM�Vy��gUd
QSL?M!TSMU��\YTfM�QSL?M!i�VYTSM�euh]V`XZM!m�[]O_V gSM!XZ\`Oum?VYTSi���V`XZl?l?��d
g6M!euVyTWV�QfM!m§��Tf\Y� QfL?Mjr~sq{¦��VYXUl?l?��nRi9V�QfL?[aOÌ¢ �!Ó`Ó
Ô ��£
Vyh]l?��[aO?[]l?� ��\Y[]h°d~�JL?[�XWL�M!OuXUVYeugSl?h]VyQSM�g
M!VYXWL�g6QfV��
QS[]\YO=|

K4L?M+mkMUQSM!XZQS\`TH[�gHgSe?ha[aQH[]O�QB�F\bLuVyh]�YM�g/�JL?[]XWL�VYTSMJTfMZ�
QSTWVYXZQSM!m_nRi � XZ� mkluTS[]O?�jr~sq{ []O�ÈBM�XtQS[]\YO;|�K~\�Vyh]ha\��
VyO©\��`MUTfh]VYejn�MZQB��MUM!O©QSL?M�QS\`e_VyOum�n�\yQSQS\Y� LuVYh���\Y��V
gBQWV�Qf[a\`O�QSLuMUi�VyTfM
mk[]gSe?h�VYXUM!m�n�i��¨XZ�àVYha\`O?�bQfL?MqnwM�Vy�
V��k[�gU|&o+l?Tf[]O?��[]O�ÈBM!XZQS[]\YO�QSLuM���V�QSM!TS[�Vyh)VyQ¨gS��VYhahHTfV`mk[a[
MZ��QSM!Oum?g�[aOwg6[�mkM¨QSL?M � XZ� TWVYm?[alug�g6[]OuXUMbQfL?M¨mkMUQSM�XtQS\`Tfg
VyTfM�M!ÍRl?[]e?ewM�m«�J[aQSL XZ\`��e?haMU�§�`luVyTWm��³TS[]O?��gBQfTSluXZQSl?TfM!g
¢ � �-�¦�J[]m�QfLw£t|ANPO&VYm?m?[�Qf[a\`O=dRQSL?M
æ��~�³gSL?[]MUh�m�O?M!M!m?gFQf\
��\Yh�m�VyTf\YluOum�QSLuM¨mkMUQSM!XZQS\`Tfg��J[�QfLjgSlkË�XZ[]MUORQqXUhaM�VyTWVyOuXUM
¢ � ����£td~VYOum�VyO?\YQSL?M!T������ []g
TfM!gSMUTf�YM�m QS\ V`XUXZ\`�-�
��\�muV�QSM�QSLuMq�4Vy�`MZ�ºÉuMUh�m�gSl?e?e?TfM!gfgS\YT�¢°g6M!MqgSM!XZQS[]\YO ��| � £td
�JL?[�XWL1[�g-QSL?M!TSMU��\YTfM�gS[�QfluV�QfM!m§Új��� ��Tf\Y� QfL?M&nwM�Vy�
V��k[�gU|�K4L?M�Vye�MUTSQSl?TfM-TSM�Í`lu[aTfM!mvnRi�QSL?M�r~sq{���V`XWL?[aOuM
mkl?Tf[aOu�-euLRikgS[]X!g4TSluO?O?[]O?��XZ\YOwmk[�Qf[a\`Oug4[�gJ\YO?h]i � ����|

K~VYn?haMJ��| � Ð;o�[]�-M!OugS[a\`Oug;\Y�?QSLuM�gS[ah][�XZ\YOb�YMUTSQSMU��mkMZQfM!XtQf\YT
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� ß | Ó`ÓYÓ XZ� Ú � � ¤ c Ô � ß?� � ß Ú Ó

pFVYXWL�gBQWV�QS[]\YO�XZ\`Oug6[�g6Qfgq\y�FQB�F\�mk[�gSX!gUdD�JL?[�XWL��-M�V��
g6l?TfM �jVyOwm �«XU\�\YTWmk[aOwV�QSM�g-TSM�g6e�M!XZQS[]�YMUh]iY|®pHV`XWL1mk[�gSX
[]g�gSl?n�mk[a��[�mkM!m�[]O�gS[a�jg6M�XtQf\YTWgU|�K4L?M�g6M!OugS[�Qf[a�`M�VYTSM�V�\Y�
M!VYXWL_gSM!XZQS\`T-XU\��YMUTWg ßu� ��[aO �9VyOum � XZ� Qf\ ß XU� [aO
TfV`mk[alwgU|��~[]�u|4��|¥��g6L?\���g�QSL?Mvm?MZQSM�XtQf\YT�g6QSTf[ae«h�V�iY\`lkQ!|
æJ\YlkQf[aOu��h][aO?M�g�QS\�XU\YO?OuM!XtQqQSLuM-g6QSTf[aewg�Qf\�QSLuM¨TfM!V`mk\YlkQ
MUh]M!XtQfTS\`O?[�XUg!dkew\Rg6[aQS[]\YO?M�m�VyQ+V-TfV`mk[alwg4\y�H�bXU��dwVyTfMqO?\yQ
g6L?\��JO;|�K4L?M�e?[aQfXWL1VYOum�h]MUO?�YQSL_\Y�Jg6QSTf[]eugbLwV��YM�n�MUMUO
XWL?\`gSMUObgSluXWL�QfLuV�Q�QSLuMF\kXUXUl?euVYOuXZi�e�MUT/XWLuVyOuO?MUhºdyg6Lu\��JO
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QfL?M1XU\YTS�
TSM�XtQf[a\`Ozmk[]ew\`haM9¢�lueugBQfTSM�Vy��d+[]OugS[]m?MvQfL?MvQfl?O?O?M!h�£&VYOum
QSL?M&r;s
{Fn_��Vy�YOuMZQ¨mk\��JOwgBQfTSM�Vy�µ\y�4QSL?M0&AMUTSQSMU�©o�MZ�
QSM�XtQS\`T!|���[a�w|���|¥��g6L?\���g-QfL?M Qf\yQfVYh+XWLuVYTS�`M!m§euVyTSQS[�XZh]M
VyOum_O?MUlkQfTS\`O�äulk�Dd)VYg¨V���l?OuXZQS[]\YO_\Y��TfV`mk[]lugUd~��\YT¨QSLuM
gBQWV�Qf[a\`O9VyQ�QSL?M ��M�VyO �y�³e�\`gS[�Qf[a\`O§\Y��QfL?M�[]O`QfMUTWVYXZQS[]\YO
ew\`[aORQ�|�K4L?M-XZ\YORQfTS[]n?lkQf[a\`O ��TS\`�±ewVyTSQS[�XZh]M!g�\YTf[a�`[aOuVyQS[]O?�
��TS\`� QSLuM�e?TS[]��VyTfi�[]O`QfMUTWVYXZQS[]\YO�[�g�VYh]gS\-gSL?\��JO=|

o�KJ� �`pFK ¤ � LuVYg�nwM!MUO�lugSM!m�VYg
M!�YMUORQ��YM!O?MUTWV�Qf\YT�|
­�Q�g6��Vyh]hDTWVYmk[][�QSL?Mqäulk��[]gJXU\Y��e?h]MZQSM!hai�mk\Y��[]OuV�QfM!m�n�i
QSL?Mje?Tf[a��VyTfi1ewVyTSQS[�XZh]M!g!dJ�JL?[ah]MvVyQ�V©TWVYmk[]lug�\Y� ß XZ�
QSL?M�QSLuMUTf��VYh�O?MUlkQfTS\`Oug!d`�JL?[�XWL�LwV��YM+Vbe?TfV`XtQf[]X!Vyh]hai-äwVyQ
mk[�gBQfTS[]n?lkQf[a\`O1VYg-V ��l?OwXtQS[]\YO1\y�JQSLuM�TWVYmk[]lug!d/��VY�YM�l?e
\YO?M
QfL?[]Tfm&\y�~QSL?M�QS\yQWVyh�äul?��|F^ �qKJs+NB­ ¢��J[aQSL�QfL?M�mkMZ�
�´Vyl?haQ+euVYTfVY��MZQSM!TfgW£F�Y[]�YM�g4äulk�kM!gJ��TS\`�¦e?Tf[a��VYTSi�QfTfV`XW�kg
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��[a�`l?TSM���| ÚuÐ�·�[�mkMb��[]MU��\y�AQfL?Mb��VYXUl?l?�¯QfVYO?� VyOumvg6l?euew\`T6Q�g6QSTfluXZQSl?TfM!g���\YT�QSL?M2&AMUTSQSMZ��o�MZQfM!XtQf\YT�|+K4L?M¨nw\YQ6QS\`�
LuVyha�/LuVYg4n�MUM!O&\`��[�QSQSM!m���\`T�XZh�VyTf[�QBi`|
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��[a�`l?TSM���|¥�kÐ/{FLuVyTf�YM�m�euVyTSQS[�XZh]M
¢�l?e?e�MUTAh][]O?M!gW£;VYOum¨O?MUlk�
QSTf\YO�¢´ha\���MUT=euha[]O?M!gW£�äul?��M�gUd�e�MUT�[aORQfMUTWVYXtQf[a\`O=d�VYg=V4��luOuXt�
QS[]\YO&\y�/TfV`mk[]lugUd?VyQ�gBQWV�QS[]\YO ß \y�~QSL?M &AM!T6QfMZ��o+MUQSM!XZQS\`T!|

Vyn�\YlkQ�� Ó (±h�VyTf�YM!T�QfLuVyOvQSL?\Rg6M¨\YnkQWVy[]O?M!mv�J[�QfLjoqKJ�J�
�`pFK ¤ � | K4LuM QS\YQfVyh�XWLuVyTf�YM�m1euVYT6Qf[]XUhaM�äwlk�§[�g�mk\`��[��
OuV�QfM!m�n�i¨eu[a\`OugU|AK4L?M+QS\YQfVyhuäulk����VyTf[aM�gAh][�QSQSh]M+n�MZQB��MUMUO
QSL?M � �_gBQWV�Qf[a\`OugUdqn?lkQ�QfL?M��-\`��MUORQSl?��mk[]g6QSTf[]n?lkQS[]\YO
��VYTS[]M!g4�J[�mkM!hai`d?��Tf\Y�±V��-\RgBQ�euTS\`nuVyn?h]M���\Y��MUORQfl?�¦\Y�
Ó | c $qM.&
ÕyX�V�Q � � � XZ�±��\YTqgBQWV�QS[]\YO ß d?QS\&� Ó $qM4&
Õ�X
��\YT�g6QfV�Qf[a\`O � ��|A­�gJ[]g+g6L?\��JO&[]O��~[]�u|w�k| ß dkQSLu[]gJTfM!gSl?haQfg
[aO�VyO�M�Í`lu[a��Vyh]MUORQvmk\Rg6M©e�MUTjgBQWV�QS[]\YO��JL?M!O�MZ�ke?TfM!gfgB�
[aO?�1QSL?M�Qf\yQfVYh+äwl?MUOuXUMj[]OzQSMUTf��g�\Y�¨m?VY��VY�YM�XUVylwg6M�m
nRi � ² M.&�å���O?M!lkQSTf\YOug
lwg6[]O?��QSLuM 
�\`Ok�ºNP\`O?[]¬U[]O?� p)Ok�
MUTf�Yi¸r=\RgSg«¢�
�NBpFr~£jQfVYn?h]M!g«� ß�� | K4L?M«��V��k[a�¨l?� �
² M.&�å��¨O?MUlkQfTS\`Ok�³M!ÍRl?[]��VYhaM!ORQ�äuluMUOuXUM�¢´\��YM!Tq\`O?M�iYM�VyTt£
[]g Ó | cYÚ;Ý ��Ó ÙBÞZÕyXZ��Ø���\`T�QSL?M1oqKJ� �RpHK ¤ � �YMUOuMUTWV�QS\`T!d
VyOum � | � Ý ��Ó ÙBÞ!Õ�XZ��Ø���\`T/QSL?M�^ �qKJs�NB­9�`MUO?M!TfVyQS\`T��J[aQSL
mkMZ�´VYl?h�QAeuVYTfVY��MZQSM!Tfg!|~K4LuM!gSM�ewVyTSQS[�XZh]MFäwlk�kM!g/LuV��`M�XU\YOk�
g6M�Í`luMUOuXUM!g
��\`T�QSL?M�mkMZQfM!XtQf\YTbm?M!gS[a�`O=d�V`gbmkM�gSXUTS[]n�M!m�[aO
QSL?M
��\`hah]\��J[aOu�-gSM!XZQS[]\YO=|

� �W� � �J,�����, �b' � ��	/(	�-*

� 3°24365 �`:FIk<?E "+G���I
�BEH:
K4L?M�[]�-ewVYXtQS�ºewVyTWVy��MZQfMUT�TfM!gS\Yh]lkQS[]\YO [�g���\RgBQ
g6M!Oug6[aQS[]�YM
QS\ QfL?M�QfTfV`XW�vL?[aQfg-V�Q¨QSL?M&g6��VYhah]M!g6Q¨TWVYmk[][ºd/VYOum�L?M!OuXZM
V�XZ\`Oug6M!TS��VyQS[]�YM�mkM!gS[]�YO©[�gbXWL?\Rg6M!O���\YT�QfL?M�gS[]ha[�XZ\`O_mkMZ�
QSM!XZQS\`TfgJ�JLu[]XWL �¨lugBQ�TSl?O�[]O�QSL?M¨L?\`g6QS[]h]M�MUO���[aTf\YO?��M!O`Q
XZh]\`gSM�QS\vQSL?M�r;s
{ÌnwM�Vy��|�K4LuM���\`g6Q¨TWVYmk[�V�Qf[a\`O�QS\`h��
MUTWVyORQ
gS[]ha[�XZ\`O�mkM!��[]XUM!g�XZluTSTfMUORQSh]ivV���Vy[]h�Vyn?h]M-VYTSM�Ok�PgS[]mkM
TSM�VYmk\`lkQ�gS[aOu�Yh]MZ�Pg6[�mkM!m�mkMZQfM!XtQf\YTWgU| $q[]�YMUO�QSL?MqMZ�ke�M!XZQSM!m
TfV`mk[]VyQS[]\YO1m?\`gSM!g-VyOum_QSL?M�e?TfM!gSMUORQ�l?OumkM!Tfg6QfVYOumk[]O?�v\Y�
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��[a�`l?TfM �k| ß Ð�K;\YQfVyh4euVYT6Qf[]XUhaM�äul?M!OuXZM�V�Q-QB�F\�gBQWV�Qf[a\`Oug
\y�/QfL?M &AMUTSQSMU�&o�MZQfM!XtQf\YT+V`g�V-��l?OuXZQS[]\YO�\Y�~QfL?M�TWVYmk[]lug!|
¢´�u\YT)\`O?MJiYM�VyT/\y��Tfl?O?O?[]O?��VyOwm¨lwg6[]O?�
QSLuM�o�KJ� �`pFK ¤ �
�YM!O?MUTWV�Qf\YT�| £

QSLuM)TfV`mk[�V�QS[]\YOqTfM!gS[]g6QfVYOuXZM/\y��QfL?M!gSM)mkMZQfM!XZQS\YTWg�QfL?MUiqXZ\Yluh]m
h�VYg6Q���\`T�gSMU�YM!TfVYh;i`M!VyTWg!|�s�\���MU�`MUT�d?QfL?M¨nwVYgSMUh][aO?M¨\Ye�MUTS�
V�Qf[aOu�bgSXUMUOuVYTS[]\
[]g)QS\�TfMUe?h�VYXUM4QSL?M�[aOuO?MUTf��\`g6QHmkMZQfM!XtQf\YTWg
MU�`MUTfi�iYM�VyT�|

K4L?M�nul?ha�9h]M!VY��VY�YM�XUl?TSTfMUORQ�\Y�qQfL?Mjm?MZQSM�XtQf\YTWg�[aO?�
XZTfM!V`g6M�g h][aO?M�VyTfhaiz�J[�QfL�QSLuM_QSLu[]XW��O?M�gSgjVyOum�QfL?M_��l?h]ha�
mkM!e?haMUQS[]\YO_�`\YhaQfVY�YM�[�g�e?Tf\Ye�\YTSQS[]\YOwVyh)Qf\ QSLuM&gfÍRluVyTfM�\y�
QSLuM�QSL?[�XW��O?M!gfgU|-s�M!OuXZM�V�QSL?[]O©mkMZQfM!XZQS\YT
LuV`g
ha\��ÌXZl?TS�
TfMUORQ�VYOum�h]\��jQf\yQWVyhYe�\���MUT~m?[]gfg6[]euVyQS[]\YO=d�V�Q~QSL?MFMZ�ke�MUOugSM
\y��VJha\RgSg~[]Obg6[]�YOwVyh`VYOum�VYO�[aOwXZTfM!VYgSM)[]O�QfL?MFX!VyeuV`XZ[aQfVyOwXZM
QS\�QfL?M nuV`XW�Reuh]VYO?MY|9K4L?[]O9m?MZQSM�XtQf\YTWg¨LwV��YM&QSL?M�V`m?mk[a�
QS[]\YOwVyhJVYmk��VYO`QWVy�`M�\y�+h]\���MUTb�¨l?haQS[]e?haM gfXUVyQ6QSM!TS[]O?�vVYOum
QSLuM�ha\��±ew\���MUT�mk[�gfg6[]euV�Qf[a\`O9TSM�mkluXZM�g-QSL?M�VY��\Yl?ORQ�\y�
��V�QfMUTf[]VYhkO?MUM�mkM!mbQS\�XU\R\`hRQSL?MJ[]O?O?M!TAM!mk�`M�\Y�wQfL?MJmkMZQfM!XZ�
QS\`Tfg!|~K4LuM!gSM4XU\YOugS[�mkMUTWV�Qf[a\`Oug;LwV��YMHh]M!mbQS\qQfL?MJVYmk\`ekQS[]\YO
\y� � � Ó�Ô � QfL?[�XW�vmkMZQfM!XZQS\YTWg!dD�JL?[]XWL�VyTfM¨QSL?M-QSLu[aO?OuM!g6Q
mkMUQSM!XZQS\`Tfg�QfLuV�Q~��V�i�nwMAM�VYgS[ah]i�VYOumqM!XU\YO?\`�-[�XUVYhah]i+��VYOk�
lk�´V`XtQSluTSM�mD|

� 3°2J3°¹ �¨8+���+:+EH@BE&$AC
N³Q�[�g+��\`TSM�g6M!MUOvQSLuVyQ�QSL?M�mkMUQSM!XZQS\`Tfgq�J[]hahAM!�-euha\�i�e�\Yh]iR�
gS[ah][]XU\YO«n?[�VYgS[]O?�udJOk�Pg6QSTf[ae«TfM!V`mk\YlkQ�VYOum«[]Oumk[]��[]mklwVyh+e?�
g6QS\Ye�[�gS\Yh�V�QS[]\YO-n�MZQB��MUMUO�QfL?M+g6QSTf[aewgU|/^/\Yh]iR�³gS[ah][�XZ\YO-n?[�VYg6�
[]O?��V��Y\`[]m?g�QfL?M�e?Tf\Yn?h]MU��gJ\Y��MU�?XZM!gfg4O?\`[]gSM
[aORQSTf\kmkluXUM!m
n�i�TfM!VYXWL?�°QfL?TS\`l?�YL�nu[]V`g6[]O?��V`g�TSM!ew\`T6QfM!m��¥� � n�i�­AKJr;­q·

2SiO

bulk

side guardringsn

To electronics isolationp+
(individual)

n+strips

Al readout electrodes

junctionp-n p+

n n

side guardringsp

(Partially depleted)

Depleted layer

Typical    in    detector, after 2x10    p / cm  . 214

Full Depletion Voltage ~220V
Effective p-

��[a�`l?TSM���|Ü��Ð�·kXWL?M!��VyQS[�X�XZTf\`gfgB�Pg6M�XtQf[a\`O©\y��QfL?M g6[]ha[�XZ\`O
mkMZQfM!XZQS\YTWgHgSL?\��J[]O?��QfL?M�mkM!e?h]MZQS[]\YO�TSM!�Y[]\YO�V��áQfMUTF[aTfTfV`mk[a�
V�Qf[a\`O=|

VyOum�{�o���|?��[]�Yl?TfM��k|¥��[]g4V-gSXWLuMU��V�Qf[]X�\y�=QfL?M!gSM
mkMZQfM!Xt�
QS\`Tfg�g6L?\��J[]O?��QfL?M�¢´euVyTSQS[�Vyh]hai?£+mkMUe?h]MZQfM!m TfMU�`[a\`O�\y�AQSLuM
g6[]h][]XU\YO=dRV��áQSM!T)QBi�e�M�[aO��`MUTWg6[]\YO�mkl?MJQf\�[]TSTWVYmk[�V�Qf[a\`O=|~K4LuM
Ok�³[a��e?h�VyORQfg¨VyTfM�XUVYeuVYXU[�Qf[a�`MUh]ivXZ\`l?e?h]M!m�QS\�VYhalu�-[]O?[]l?�
gBQfTS[]eug!|§K4L?M VYhal?��[]O?[]l?� LuV`g-V�TfM!gS[]g6QS[]��[�QBi�\Y�qVyn�\Yl?Q
� Ó�� å�XZ�¶VyOwm�V�XUVYeuVYXU[�QWVyOuXUMJQS\bQSL?M�[a��e?h�VyORQ�\y�;Vyn�\Yl?Q
� �yeu�)å�XZ��|
K4L?M�M�mk�YM�TSM!�Y[]\YOug�\Y�JQSL?M�g6M�g6[]ha[�XZ\`O1mkMUQSM!XZQS\`TfgbTSMU�

ÍRl?[aTfMbX!VyTfMZ��l?h;m?M!gS[a�`O�QS\�V��`\Y[�m�MU�?XZM!gfg�XUl?TSTfMUORQWgJnwM![aOu�
mkTWV��JO=d;gSMU�YM!TSM!haijXZ\Y��e?Tf\Y��[�g6[]O?��QSL?M�e�MUTS��\YTf��VyOuXUM�\y�
QSL?M�mkMUQSM!XZQS\`T!|ÌNPOumk[�XUV�Qf[a\`Oug���Tf\Y� ­AKJr~­�·9QfM!g6Qfg&VyTfM
QSLuVyQA�bl?haQS[a�º�`luVyTWm�Tf[]O?�qg6QSTfluXZQSl?TfM!g��Y[]�YM4VYm?M!ÍRluV�QfMFeuTS\Y�
QSM�XtQS[]\YO�n�MZ��\YTfM©VyOum�V��áQfMUT []TSTWVYm?[]VyQS[]\YO=|¯K4L?M©mkMZQfM!Xt�
QS\`Tfg¨�J[ah]hJLuV��`M�Ok�PgBQfTS[]eug-\y�+�J[�m�QfL �!ÓYÔ � VyOum_ek�³g6QS\`e
¢��`luVyTWm?gW£J\y�)�J[�m�QfL�� Ô ��|qK4L?M¨OwVyTfTS\���M!g6QJe?[�QWXWL���\`TSMU�
g6M!MUO ��\`T�r~sq{Fnjm?MZQSM�XtQf\YTWg�\y�)Ú ÓyÔ �¯TSM�g6luh�QWg+[]OvV�gSMUek�
VyTWV�Qf[a\`O \y� ßyÔ �¡n�MZQB��MUM!OvVYm�È6V`XZM!O`Qq�YluVYTfmug+VyOwmj� Ô �
nwMUQB�FM!MUO©QfL?M��`luVyTWm©VyOwm�[�QWg¨V`gSgS\kXZ[�V�QSM�m�Ok�³g6QSTf[]e=|vK~\
V��Y\`[]m���[]XUTS\Y�³mk[�gfXWLuVyTf�YM�gwVyQ=QSL?MHMUOum?g=\y�?gBQfTS[]eug!d�VYhahYMUOum?g
LuV��YM
n�MUM!O&Tf\YluOumkM!m=|

NPOugSlkË�XZ[]MUORQ�gSeuVYXUM)[�g;V���Vy[]h]VYn?h]M+¢��J[aQSL?\`lkQ/[aORQSTf\kmkluXZ�
[aOu��gS[a�`O?[�É�XUVyORQ~m?M!VYm�VYTSM�VYgW£�QS\�TS\`lkQSMH\YlkQ/Vyh]hyQSLuMFg6QSTf[aeug
[aO®VvgS[aOu�Yh]M���MZQWVyh�e?h�VyO?M`|�­¯mk\`l?n?h]MZ�³�-MUQfVYhFQfM!XWL?Ou\Yha�
\Y�`i®V`g�VYe?e?h][aM�m«n�i®oqpHr~^Hs�N�� c � LuV`g�n�MUMUO�XWL?\`gSMUO;|
K4L?[�g�MUOuVYn?h]M!g�QfL?MvgS[a�`OuVyh4��Tf\Y��V©gBQfTS[]e«XZh]\`gSM�Qf\©QSLuM
nwM�Vy� Qf\�nwM
Tf\YlkQfM!m�\YlkQJ\��YM!THQfL?MqQS\`e�\Y�~\yQfL?MUT�g6QSTfluXZ�
QSl?TfM!g���[�V-V �UÔ �¶QfL?[�XW��du� ÓyÔ � �J[�mkM�Vyh]l?��[aOu[al?�±gBQfTS[]e
¢�TfM!gS[]g6QfVYOuXZM`Ò¡� Ó�� åyXZ��£-g6M!euVyTWV�QfM!m©��Tf\Y� QSL?M TfM!g6Q�\y�
QSL?M�m?MZQSM�XtQf\YTJn�i�VbQSL?[]O©¢°���?� Ô ��£4·�[ � Ø \`TJew\`haiRVy��[�mkMmk[]MUh]M!XtQfTS[�Xjh]V�i`MUT�|àK4L?M�X!VyeuV`XZ[aQfVYOuXZMj\y��QfL?M�TSM�VYmk\`lkQ
gBQfTS[]e1gSL?\Yluh]m©n�M�h]M!gfgbQSLuVYO � eu�)åyXZ��|jK4L?M�h]V�i`\YlkQ¨\y�
QSL?M¨TS\`lkQS[]O?��h][]O?M!g+QS\�QfL?MbTfM!V`mk\Yl?Q+MUh]M!XZQSTf\YO?[�XUgJ[�gqXZ\YO?�
gBQfTfVY[aOuM!m-n�i�QSLuM�O?MUM�m-QS\���[]O?[a��[�g6M�XZTf\`gfgB�ºQfVYha��VYOum�XUVy�
euVYXU[�QWVyOuXUM �JL?[]haM�euTSM�g6M!TS��[]O?��QSL?M�gBQfTS[]e9\YTWmkMUT�[]O9QSLuM
TSM�VYmk\`lkQ�XWLuVy[]O_Qf\��´VYXU[ah][�QWV�QfM�QfL?M�XZ\`TSTfM!XZQS[]\YO_\Y�qh]\kXUVYh
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Detector

221952 Amplifiers/Shapers

Analog pipeline (128 cells)

Derandomizer (8/16 cells)

Analog MUX 32:1 @ 40MHz

Clock 40MHz

L0 Accept 1MHz

Vacuum tank
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L1 Trigger interface

Amplifier

DAQ interface

DSPs

TTC interface

Control interface

DAQ Link

TTC Link

Control Link

Trigger Link

Front-End Electronics

Read-Out Electronics

Analog Data Links (6936 twisted pairs)
10m

Driver

L1 Accept 40 kHz

Read-out interface

102 units *68 channels

Control interface Control Link

52 units *16 
channels

60m

Processing Electronics

Optical Data Links
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strip at 1 cm radius
strip at 6 cm radius
strip at 1 cm radius, double current
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DRIFTELECTRODE

GEM-FOIL

CATHODE: ANODE:

DIAMOND COATING

GAP:

PITCH:

90 µm 10 µm60 µm

220 µm

100 µm

50 µm

2.0 mm

2.0 mm
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QSM�XtQf\YT-QSM�XWL?O?\Yh]\Y�`i�VYOum©e�MUTS��\YTf��VyOuXUM�n�i�QSL?M&MUOum1\y�
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mkMZQfM!XZQS\YTWg�[�g-QSL?M XZ\RgBQ�|«s�\���MU�YM!T!dH[���QSL?M O�l?�¨nwM!T�\y�
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[]g�n?l?[]h�Q�l?e«\y� � ��gSL?\YTSQ���\�m?l?haM�gUd�¢ ß Ý§�kÛ ��XU��Ø�\y�
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AF45 DESAG glasses

Gas Inlet

Gas Outlet

100 mm

Cathode Anode wires

Strips Cathode Anode wires96 Read-out
coated by

Cu 800 nm
Ni 100 nm

Cr 100 nm

4mm

6mm
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\y�JQSLuM�\YQSL?M!T-gSl?n�mkMZQfM!XtQf\YTWgU|�K4L?M�gSVY�-M��Y\RVyhH[�g¨O?\��
VYXWL?[]MU�`M!m�n�i�Qf[ahaQS[]O?��QfL?M�g6euL?MUTf[]X!Vyh���\kXZlugfgS[aO?����[]TSTf\YTWgUd
n?lkQ~�J[aQSL-V�gSl?nug6QfVyORQf[]VYh`[]OuXZTfM!V`g6MH[aO�QfL?MHeuL?\yQf\RM!haM�XtQfTS\`O
iR[]MUh�m&mkl?M
QS\�[]OuXUTSM�VYgSM!m�TWVYm?[]VyQS\YT4h]MUO?�YQSLug!|

�43°¹4365 � � ��� 5
­®gfXWL?M!��VyQS[�XH��[]MU�§\y��æ�NS{�s � []gAgSL?\��JOb[]O��~[]�u| ¤ | � |~­
euVyTSQS[�XZh]M�MUORQfMUTf[aO?��QSL?M�mkMZQfM!XZQS\YT+��TS\`�¯QSL?M¨[aORQSM!TfV`XtQf[a\`O
TSM!�Y[]\YO¨ÉuTfg6QAQSTWV��YM!TfgSM!g/V��AXU�xQfL?[�XW�ROuM!gfgA\y�Dg6[]h][]X!V�VyMUTf\y�
�YMUhºdHVYOum_QfL?MUO«VYe?e?Tf\���[]��V�QfMUh]i ¤ �/XZ� \Y��{ Þ � Ù�' �`V`gU|K4L?[]g�[�gFQSL?Mqäul?\`TS\kX!VyTfnw\`O��J[�QfL�L?[]�YLuM!g6Q�TfMZ��TWVYXZQS[]�YM�[]Ok�
mkMZ�_QfLuV�Q�TfMU��Vy[]Oug-�`V`g6M!\Ylug�VyQ�Ou\YTf��VYh�QSMU��e�MUTWV�Qfl?TSM
VyOumve?TSM�gSgSl?TfMYdDVyOwmv[�g
XWL?\`gSMUOv��\YT
[�QWgqha\��xm?[]gSewM!TfgS[]\YO=|
K4L?M�{FL?MUTfMUO?�`\���ha[]�YLRQ
e?TS\kmklwXZM!mjn�i�QSL?M�TWVYm?[]VyQS\YTWg�[�g
��\�XUlugfg6M�m�n�i�QB�F\�gSe?L?M!TS[�XUVYhD�-[]TfTS\`Tfg!dk�J[�QfL �!¤`Ó XU�±TWV��
mk[alwg�\y�bXUl?Tf��VyQSl?TfMYdJ\`O?M�\`O«M!VYXWL gS[�mkMv\Y�qQfL?Mvn�M!VY�
e?[ae�MY|±K4L?MUi VYTSMjQS[]h�QfM!mzn�i$�Y� Ó ��TWVYm«Qf\§nuTS[]O?�§QSL?M
[a��Vy�`Mve?h�VyOuM!g�\Yl?Q&\Y�bQSLuM�V`XUXUMUekQWVyOuXUMv\y�¨QSL?M©gSewM�Xt�
QSTf\Y��MZQfMUT�d=�J[�QfL©V�TfM!XZQfVYO?�Yl?h�VyT
VyTfTWV�i&\Y��euL?\yQf\�m?MZQSM�Xt�
QS\YTWg ßYÓ XU��Ý ��ÓYÓ XZ�±\YO&M!V`XWL&gS[]m?MY|

{ Þ � Ù ' Å�Æ��!Â=18@~Á!À°ÂwÃ
K4[ahaQS[]O?��QfL?M&�-[]TfTS\`Tfg�V "�M�XtQWg�QfL?MU[]Tb��\kXUlugSgS[]O?�u|�Ê«L?MUO
TSM�XZ\YOwgBQfTSluXZQS[]O?��QSL?MAM!��[]gfg6[]\YO�VYO?�Yh]MA\y�kVJmkMZQfM!XZQSM!m
euL?\y�
QS\YOz��Tf\Y� V§�Y[]�YM!O$QfTfV`XW��dqVyO�VYgfg6lu�-e?QS[]\YO��blug6Q nwM
��V`mkM)Vyn�\Yl?QDQSL?M)M!��[]gfg6[]\YO
e�\Y[]ORQ!Ð�QSLuM)��[]m��³e�\Y[]O`Q;VYha\`O?�
QSL?MbQSTWVYXW�&[aO QfL?M-TfV`mk[]VyQS\`T�[]g+QfVY�YM!O=|�­�g+e?Lu\yQS\`Oug+VYTSM
MU��[�QSQSM�m$V�Q&\yQfL?MUT&ew\`[aORQWg�[]O«QSLuMjTWVYmk[�V�Qf\YT�d4QSL?M�XUVYh��
XZl?h�V�QfM!m${FL?M!TSM!O?�Y\��§MU��[]gfgS[a\`O VyO?�`haM�[�g�gS��M!VYTSM�mDd�VYg
g6L?\��JO�[aO ��[]�u| ¤ | Ú�¢°V`£t|
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��[a�`l?TfM ¤ | � ÐF·kXWLuMU��V�Qf[]X
h�V�iY\`lkQJ\y��QSL?Mbæ�NS{�s � mkMZQfM!XZ�
QS\`T�¢´gSMUM!O���Tf\Y�±Vyn�\��YM�£Z|

­�Ou\yQSLuMUT g6\`l?TWXZM�\Y�b[a��e�MUTS��M!XZQ�TfM!gS\Yh]lkQf[a\`O []g�QfL?M
mk[�g6e�MUTWgS[a\`O_[aO§QSLuM�TfMZ��TWVYXZQS[]�YM�[]OumkMU�_\y��QfL?M�TWVYm?[]VyQS\YT�|
�?\`TJ{ Þ � Ù ' �`V`g)QfL?M+[]OumkMU����VYTS[]M!g)��TS\`� � | ÓYÓ?� � V�Q�ha\`O?�
�4V��YMUh]MUOu�yQSL;dZQS\ � | Ó`Ó?� �HVyQ~Vyn�\YlkQ~� ÓYÓ O?�¶¢����,= ß M4&q£Z|
K4L?M¨��V��`MUh]MUO?�YQSL g6e�M!XZQSTfl?�¡\y�/QSLuM¨mkMUQSM!XZQSM�m�e?L?\YQS\`Oug
[�g�m?MZQSM!TS��[]O?M!m¨n�i
QSL?M4ÍRluVyORQfl?��MZË�XZ[]MUOwXZi�\y�uQSL?M4e?L?\Y�
QS\kmkMUQSM�XtQS\`Tfg!dDVyOum QSL?M-VYgfg6l?��M�m�mkMUe�MUOwmkMUOuXUM¨\`O�e?L?\Y�
QS\`O�M!O?MUTf�Yi�[�g�gSL?\��JO�[aO&�~[]�u| ¤ | �?|/K4LuM�M!O`QfTfVYOuXZM��J[aO?�
mk\���\y��QSL?M�euL?\yQf\�m?MZQSM�XtQf\YT�XZl?QfgJ\?"�QSL?MbMUO?M!TS�`i�g6e�M!XZ�
QSTfl?�('-[�Q�[�g XWL?\`gSMUO$QS\9n�M_��& �Yh�VYgfg&�Y[]��[aO?��� � Ò
�kÛ¥�/M4&bdFQS\_\`ekQS[]��[]gSM�QfL?MjTfM!gS\Yh]lkQf[a\`O=|xK4L?MjM "�M!XtQ&\y�
QSLu[]g�ÎfXWL?Tf\Y��V�Qf[]X�MUTfTS\`TfÏb[]g+g6L?\��JO&[]O&��[]�u| ¤ | Ú�¢´nw£t|

��[aOwVyh]hai1QSL?M!TSM [�g-QSL?MvM "�M!XtQ�\Y��QfL?M�ÉuO?[aQSMv�YTWVyO�lk�
h�VyTf[�QBi�\y�+QSL?M&e?L?\YQS\kmkMZQfM!XZQS\YT�|�K4L?[]g-[�g¨XWLu\`gSMUO©Qf\jn�M
�k|¥������ÝH�kÛ¥���-�¶¢áQf\���Vy[]ORQfVy[]O
L?[]�YL
TSM�g6\`hal?QS[]\YO
�JL?[]h]g6Q
h][a��[aQS[]O?��QfL?M)Qf\yQfVYh`O�l?�¨nwM!T;\Y�uXWLuVyO?OuMUh�gf£DVYOum
�Y[]�YM�gDQfL?M
XZ\`ORQSTf[an?l?QS[]\YO�gSL?\��JO�[aO��~[]�u| ¤ | Ú�¢´X�£t|AK�Vy��[aOu�bVyh]h?QfL?TSM!M
M "�M!XZQfg)QS\Y�`MZQfL?MUT�d�QSLuM�æ�²v·-TfM!gS\Yh]lkQS[]\YO-ewM!T)e?L?\YQS\�MUh]M!XZ�
QSTf\YOj��\YTb{ Þ � Ù�' [�g � | � ��TWVYmD|ÜÙ9K4L?[�g
[�gq��\YT�gSVyQSl?TWV�QfM!mTf[aO?�RgUd�[º| M`|���TS\`�¯ewVyTSQS[�XZh]M!g��J[�QfLv�YM!ha\kXU[�QBi ��� � |�K4L?M
{FL?M!TSM!O?�Y\���VYO?�Yh]M	� � []g4�`[a�`MUO&nRi�XZ\`g � � � � Õ � �v��\YT�VTWVYmk[�V�Qf\YTA\y��TfMZ��TWVYXtQf[a�`MF[]OumkMU� �AdRVyOum-L?M!OuXZM4QfL?M�l?OuXUMUTS�
QfVY[aORQBij\YO �®m?l?M�QS\�QfL?M�mk[�g6e�MUTWg6[]\YO�h]M!VYmug
QS\�V�QSM!TS�
e?Tf\Ye�\YTSQS[]\YOuVYh)Qf\ � Õ�QfVyO � � [aO1QSL?M�TSM�g6\`halkQf[a\`O 'AQfL?[]g¨[�gVYX!XZ\`l?ORQSM!m���\YTJ[]O&QSL?M�ewV�Q6QfMUTfO�TfM!XU\Y�`O?[�Qf[a\`O&g6QSlwmk[aM�gU|

K4L?MAMU��e�M!XZQSM�m
ORlu�bn�MUT=\Y��mkMUQSM�XtQSM�m
e?L?\YQS\�MUh]M!XZQSTf\YOug
[�gJ�Y[]�YM!O�n�iv� � � Ð

� � � �
	 ��� ��
������������ gS[]O Ø � ��� � � � ¢ ¤ | � £

�JL?M!TSMbQSL?MbÉuTfg6Q+�´V`XtQf\YTq[]gqV�XZ\`Oug6QfVyORQq�J[�QfLv��Vyh]l?M � � Ó
M.&b×DÙUXZ�&×DÙ�d � = ¤ �/XZ�±[]g4QfL?M�TWVYmk[�V�Qf\YT4haM!O?�yQfL=d � � �Ó ÛÜ� � []g+QSL?M�VYgfgSl?��M!m�XU\��YMUTWVy�`M
\y�AQSLuM¨e?Lu\yQS\kmkMUQSM�XtQS\`T

� (:�1����� �(&2�:��� ��� "���, � ��&2� � /�� �:#!�����	� ��� �.��� �.,.$'&!� ���!,��(&2���!�	/
$'/�� � � � ��/+�.� � �:�!#!# ���;&(�	/1 .�!����,.���4�!/ � ��&2�.�!�	/�"1= #�=
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��[a�`l?TSM ¤ | ÚwÐ�{F\`O`QfTS[]n?lkQf[a\`Oug�QS\&QSLuM-TfM!gS\Yh]lkQf[a\`Oj\Y�HQSLuM
{ Þ � Ù�' TWVYm?[]VyQS\YT�Ð)¢´VR£=M!��[]gfg6[]\YO?�ºe�\Y[]ORQ~l?OuXUMUTSQfVY[aORQBi '?¢�nw£XWL?Tf\Y��V�Qf[]X�M!TSTf\YT ' ¢´X!£�e?[a��M!h¨gS[a¬!M '�¢°mu£ \��`MUTWVyh]h�TSM�g6\Y�
hal?QS[]\YO e�MUT&mkMZQfM!XtQfM!m9e?Lu\yQS\�M!haM�XtQSTf\YO;dJ�J[�QfL g6l?e�MUTf[]�¨�
ew\Rg6M�m $
Vylugfg6[�VyO�É?Q!|

VYXZQS[]�YM�VYTSM�V?dAVyOum � � Ó Û ¤ ��[�gbQSL?M&VYgfg6l?��M�m©��[aTfTS\`T
TSMUäuM!XZQS[]��[�QBi`|��+gS[]O?��QSL?M�Í`lwVyORQSl?� MZË�XZ[]MUOwXZi � ��Tf\Y�
��[a�w| ¤ | �?d)pHÍ�|4¢ ¤ | � £��Y[]�YM�g¨VYe?e?Tf\���[]��V�QfMUh]i��`� e?L?\YQS\Y�
MUh]M!XZQSTf\YOugtå�QfTfV`XW�&¢���\YT4V¨gfV�Qfl?TfVyQSM�m�{ Þ � Ù�' Tf[]O?�R£Z|/K4L�lugQSL?M�TfM!gS\Yh]lkQf[a\`O�e�MUT4QfTfV`XW��[]gJVYnw\`lkQ Ó | � �~��TWVYmD|

��ÆRÅ�Â 	�Æ�1
·�[]ha[�XUV§VyMUTf\Y�`MUh�[]g&V1XU\Yh]ha\`[]m?VYh+��\`TS� \Y�bÍ`lwVyTSQS¬Yd�g6\`ha[�m
n?lkQ��J[aQSL®MZ��QSTfMU��M!hai©h]\��±mkM!OugS[�QBi`d)QSLwV�Q�LuVYg�V�h]\YO?�Y�
M!g6QfVYn?ha[�gSL?M!m«lwg6Mj[aO$QSL?TfM!gSL?\Yh�mz{FL?M!TSM!O?�Y\��®XZ\`l?ORQSMUTWg!|
N³Qfg~TSMU��TfV`XtQf[a�`M)[aOwmkMZ��XUVYO�nwM4XWL?\Rg6M!O�[aO�QfL?MHTWVyOu�YM � | Óu� �
� | �!Ó dH[�mkM!VYhJ��\YT�QfL?M�[�mkMUORQS[aÉwX!V�QS[]\YO®\y�
euVYT6Qf[]XUhaM�g��J[�QfL
��\Y��MUORQSlu� \Y�=V
��MU� $qM4&
Õ��y|�K4L?M�[]m?M!V�\Y��lwg6[]O?��[aQF[]O
V
TS[]O?�Y�º[]��Vy�Y[]O?�
mkMZQfM!XZQS\YT�� Úwd%$ � LwVYg/��\`hah]\��FM�m¨��TS\`�¸QSLuM
mkMU�`MUh]\Ye?��M!O`Q�\Y�qL?[]�YL9ÍRluVyh][aQBiYd��YMUTfi_XZh]M!VYT!d4gfVy��e?h]M!g!|
K4L?M�mk\`�-[]OuVYO`Q�X!VylugSM�\y��gSX!V�QSQSMUTf[]O?��\y�
ha[]�YLRQ��J[�QfL?[]O
VyM!TS\`�YMUhb[]g�æ�V�i�haM![a�`L¸gSX!V�QSQSMUTf[]O?�)'�QfL?[]gjh]M!VYmug�Qf\ QSLuM
QSTWVyOugS��[]gfgS[a\`O&\Y�)ha[]�YLRQ+�J[aQSLv��V��`MUh]MUO?�YQSL �vQSL?Tf\Yl?�`L V
n?h]\�XW��\Y�kQSL?[�XW��O?M!gfg � n�MU[]O?�qe?TS\`ew\`T6Qf[a\`OuVyhYQS\ �`×�& �('�)+* d�JL?MUTfM � []g-VvXU\RMUË�XZ[]MUORQ-XWLuVYTfV`XtQfMUTf[]gS[aOu��QSL?M�XZh�VyTf[�QBi
\y��QSL?M�gSVY��e?haM`|1æJM�XZMUORQ�gfVy��e?h]M!g-LuV��YM�� � Ó Û ÓYÓ ���
Ó | Ó?��Ó~Ô ��ÞyÕ�XU��� � � |

K4L?M+gfXUVyQ6QSM!TSM�m-e?L?\yQf\YOugFXUVYO�nwM+VyQHh�VyTf�YM�VyOu�Yh]M!g/Qf\
QSL?M![aTH[aO?[aQS[�Vyhwmk[aTfM!XZQS[]\YO=d ØJVyOwmbh]M!V`mbQf\
nuVYXW���YTf\YluOum�L?[aQfg
\YO�QfL?M�[]��VY�YM�e?h�VyOuMY| ·�[aOwXZM�QfL?M&{FL?M!TSM!O?�Y\���h][]�YLRQ�[]g
e?Tf\�m?luXZM�m�l?O?[a��\YTf��hai VYha\`O?��QfL?M¨ewV�QSLj\y�AQfL?M�euVyTSQS[�XZh]M
QSL?Tf\Ylu�YL�QSL?M�VYMUTf\Y�YM!h°dRQfL?M
��TfV`XtQf[a\`O�\Y��e?Tf\kmkluXUM!m�e?L?\y�
QS\`Oug�QSLwV�Q;M!�-M!TS�`M/l?OugfXUV�QSQSM!TSM�m�[�g)¢ � 
 �`×�& �,'-).* £ �uÞ�Õ � � |K4L?MbM."�M�XtQq\y�HgfXUV�QSQSM!TS[]O?��[]O QSL?M-VyM!TS\`�YMUh;[]g�g6L?\��JO n�i
QSL?M�g6LuV`mkM!m�m?[]g6QSTf[anulkQS[]\YO�[]O���[a�w| ¤ |¥�kÐ�[�Q�mk\Y��[]OuV�QfM!g)VyQ
L?[]�YL&MUO?M!TS�`iYd?gS\�V¨QfL?[aO��J[]Oumk\�� ¢�\y�/² i�h]VYTW£F[�g4e?h�VYXZM�m
V��áQfMUT
QSLuM�VyMUTf\Y�`MUh�QS\ VYnug6\`TSnvQSL?M�¢´��\`g6QSh]ivgSX!V�QSQSMUTfM!mw£
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��[a�`l?TSM ¤ |¥�kÐ ��luVyORQSlu� MZË�XZ[]MUOuXUi$VYg�V1��l?OuXZQS[]\YO�\y�
[aOwXZ[�mkMUORQ¨euL?\yQf\YO_M!O?MUTf�Yi�VYgfg6lu�-M�m���\YT¨QSL?M�e?L?\YQS\kmkMZ�
QSM�XtQS\`Tfg�[aO©QfL?M�gS[]�bl?h�V�Qf[a\`O9¢´l?OugSLuVYm?M!mu£Zd/QBiReu[]X!VyhH\Y��V
n?[�Vyh]��VYha[¨e?L?\YQS\kXUVyQSL?\kmkM`|}Ê«L?M!Ox�bluh�Qf[ae?h][]M!m�n�i�QSL?M
e?Tf\YnuVYn?[ah][aQBiq\Y�uQfL?M4e?L?\yQf\YO¨TSM!��VY[aOu[aO?�ql?OugfXUVyQ6QfMUTfM!m�n�i
QSL?M�VyM!TS\`�YM!h°d/QfL?M&gSLuV`mkM!m§mk[]g6QSTf[]n?lkQS[]\YO§TSM�g6luh�QWgU|1K4LuM
m?VYgSL?M�m�ha[]O?M!gF[]Oumk[�XUV�QfM�QfL?M�V`gSgSl?��M!m��J[]Oumk\�� XUlkQ6�³\ "DgU|

e?L?\YQS\YOwg��J[aQSL ��� � $uÛ ��M4&b|=K4L?[�g�Vyh�gS\&gSMUTf�YM�g�Qf\&TfMZ�
mkluXUM�QSLuMjXWL?Tf\Y��V�Qf[]XvVyn�MUTfTfVyQS[]\YO=dJVyOwm g6M!euVyTWV�QfM�QSL?M
VyM!TS\`�YMUh=��TS\`�±QfL?Mb�RVYg!|��u\YT�V�QSTWVYXW�&euVYgfgS[aO?��QSL?Tf\Yl?�`L
�/XZ� \y��VYMUTf\Y�YM!hA�J[�QfL � � � Û Ó $&QSL?M�TSM�g6luh�Qf[aO?�vORlu�¨�
nwM!T
\y�HmkMUQSM!XZQSM�mve?Lu\yQS\�M!haM�XtQSTf\YOwg+[]OjV�gSVyQSl?TWV�QfM!m Tf[aOu�
[a��VY�YMv[�g&MZ�ke�M!XtQfM!m$QS\§nwM©Vyeue?TS\��k[]��V�QSM!hai � �?d���Tf\Y�
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 (m)5 10

120 mrad

300 mrad

Mirrors

Photodetectors

Beam pipe

Gas (CF4)
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K4L?M�mkM!�YMUh]\Yeu�-M!ORQ)\y��QSL?M�^H[��kMUh?s�^HoÌ� ¤�� []gAn�MU[]O?��X!VyTS�
TS[]M!m1\YlkQ�[]O§XZh]\`gSM�XU\Yh]h]VYnw\`TfVyQS[]\YO_�J[aQSL§[aOwmklug6QSTfiY| * N³Q
[]g�nuV`g6M�m�\YO�gBQWVyOum?VYTfm�[a��Vy�`MZ�³[aORQfMUOugS[�ÉwMUT)Qfl?n�M��`MU\Y��MU�
QSTf[aM�g)QfLuV�Q4gBQfTS\`O?�Yh]i���\kXUlugHeuL?\yQf\RM!haM�XtQfTS\`Oug)\`O`Qf\bV�gSMU�Y�
��MUORQSM�m1gS[ah][]XU\YO©e?[a�kMUh4VyTfTfV�i`d~nul?��ek�ºn�\YOwmkM!m�Qf\jVvn?[��
OuVyTfi�TfM!V`mk\YlkQ�XWL?[]e �J[aQSL���V�QfXWLu[aO?��eu[��kMUh;MUh]M!XtQfTS\`O?[�XUg!|
K4L?M���M!VYgS[]n?[ah][aQBi©\y��QfL?[]g�VYe?e?Tf\`V`XWL©LuVYg�Vyh]TfM!VYm?i�n�MUM!O
mkMU��\`OugBQfTfVyQSM�m1n�i�QSLuM�g6luX!XZM�gSg6��l?hJTfM!Vyh][]¬!V�Qf[a\`O_\y�qQSLuM
Î6N6·k^D­��°Qfl?n�M!Ï-[aO ��¤Y¤ Ú�� �!Ó�� |
{FTS\RgSg6�º��\�XUlugfg6[]O?���YMU\`��MZQSTf[]M!g��Y[]�YM/�`\R\km
gSeuV�Qf[]VYhyTSM�gB�

\Yh]lkQS[]\YO;dqVYOum$VYTSMjTS\`n?lug6Q&�J[aQSL�TSM�g6e�M!XZQ�Qf\§MU��QSMUTfOuVYh
MUh]M!XZQSTf[]X�VyOum ��VY�YO?MUQS[�X�ÉwMUh�m e�MUTSQSl?TfnuV�Qf[a\`Oug!| ·k��VYhah
e?[a��M!h]g��J[�QfL«n?l?��ek�³nw\`Oum XU\YO?O?M�XtQf[a\`Oug�QS\�QfL?M���Tf\YORQS�
MUOum_MUh]M!XtQfTS\`O?[�XUg�h]M!V`m�QS\vgS��Vyh]hFX!VyeuV`XZ[aQfVyOwXZM!g�¢��`[a��[]O?�
ha\��¯O?\`[]gSM�VyOum9Lu[a�`L9gSe�MUM!mw£�VyOum«V©XU\Y��euV`XtQ�VyOu\�m?M
gBQfTSlwXtQSluTSM`| *�[]OuVyTfi�MUh]M!XZQSTf\YO?[�XUg�LuV��YM¨ha\���e�\���MUT
XZ\YO?�
g6lu�-e?QS[]\YO�VyOum�VYTSMJXZ\`OugSM!ÍRl?MUORQfhai���MUh]huVYmuVyekQfM!mbQS\�[]�¨�
e?h]MU��MUORQfVyQS[]\YO�[]O�V���VYXUl?l?� QSlunwM '`QfL?MUi�VYTSM�VYh]gS\bXZ\`�-�
euV�Qf[anuhaMJ�J[aQSL-QSLuM�mkMU��VyOwmk[aOu�qnwVy�YMU�º\`lkQAXZikXZh]M!g/O?M!M!mkM�m
��\YTJL?[]�YL?�³ÍRluVYha[aQBi�e?L?\YQS\kXUVyQSL?\kmkM�gU|
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K4�F\ MUh]M!XtQfTS\RgBQWV�Qf[]X!Vyh]haiR�º��\�XUlugfg6M�m e?Tf\yQf\yQBi�e�M QSl?n�M!g
�J[�QfL�VYO�V`XtQf[a�`Mj[]O?e?lkQ�mk[�Vy��MUQSMUT�\Y�¨Ú Ó ��� VYOum$VYO
VyO?\kmkM�mk[�Vy��MZQfMUT�\y� �Y� ��� LuV��`M�n�MUM!O®XU\YOug6QSTfluXtQfM!mDd
VYg�gSL?\��JO�[aO©��[a�w| ¤ |Ü��|�K4LuM�r;sq{ � XWL?[]e=d~�JL?[]XWL�LuV`m
nwM!MUO mkM!�YMUh]\Ye�M!m���\YT4QfTfV`XW��[aO?��mkMUQSM!XZQS\`Tfg�[]O&LuM!V���i�[a\`O
MZ�ke�MUTf[a��MUORQWg�� �`�t� d?[]g�lug6M�m���\YT4QSLuMbVyO?\kmkM`|AN³Q+e�MUTf�-[aQfg
��M!VYgSl?TfMU��MUORQWgAQS\-n�M+��VYmkM��J[�QfL�gSL?\YTSQFe�M!VY��[aO?��QS[]�-M
¢ ��ÓYÓ OugW£td=XUha\Rg6MbQS\�QSL?M�r;s
{�TfM!ÍRl?[]TSM!�-M!ORQ!|�s�\���MU�`MUT�d
QSL?M�XU\Y��euVYTfVyQS\YT~QSLuTSM�g6L?\`h]mb\y��Ú Ó`ÓYÓ MY×�VYOum-[�QWgAg6euTSM�VYm
\y� ��ÓYÓ`Ó My×�VyTfMAQS\�\qL?[a�`L���\YT�QfL?M�s�^Ho9Vyeue?ha[�XUVyQS[]\YO=|~NPO
VYm?m?[�Qf[a\`O QSL?M-e?[a�kMUh/g6[]¬UM¨\y�F� Ó/Ô ��ÝH� ÓYÓ�Ô � []g�l?O?OuM!Xt�
M!gfgSVYTS[]h]i_g6��Vyh]hºd�h]M!V`mk[]O?��QS\©XWLuVyTf�YM�gSLuVyTf[aOu��n�MZQB��MUM!O
e?[a��M!h]g+VyOum&mk[aË�XUl?haQS[]M!gJ�J[aQSL�n?l?��e�n�\YOumk[]O?�w|
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��[a�`l?TSM ¤ | c?Ð�{FTf\`gfgB�Pg6M�XtQf[a\`O QSL?Tf\Ylu�YL�QfL?M�Ú Ó ����euTS\Y�
QS\YQBiRe�M�^)[a�kMUh=s+^Fo�QSlunwM`|

K4L?M�XUTS\RgSg;��\kXZlugfgS[aO?��LuVYg~n�MUMUO�gS[a�¨l?h]VyQSM�mDdyVYg~[ah]h]lugB�
QSTWV�QfM!m�[aO ��[a�w| ¤ | c
'�QfL?M�g6euTSM�VYm�\Y�~e?Lu\yQS\�M!haM�XtQSTf\YOwgJVyTS�
TS[]��[aOu�¨V�Q4QfL?M�g6[]ha[�XZ\`O�gSl?TS�´VYXZM���Tf\Y�àV¨ew\`[aORQ�g6\`l?TWXZM+\`O
QSL?M�e?Lu\yQS\kX!V�QSLu\�m?M-[�g�VyTf\YluOum�Ú Ó/Ô �&|�K4L?M�MU��e�M!XZQSM�m
mkMU��VY�YO?[aÉwXUVyQS[]\YO�VYOum�h]\��$mk[�g6QS\YTSQS[]\YO�LuV��YM�nwM!MUO&�YMUTf[a�
ÉuM!m��J[�QfL�QSLuM+e?Tf\yQf\yQBi�ewM+QSl?n�M!g!|�
�\-XWLuVyO?�`M�LuV`gHn�MUM!O
g6M!MUO&[aO�QSLuMqe�MUTS��\YTf��VyOuXUM�\Y�;QfL?M�e?[a��M!hDMUh]M!XZQSTf\YO?[�XUg4V��á�
QSM!T�M!OuXUVYeug6luh]VyQS[]\YO=| ^)TfMUh][]�-[]OuVYTSi®��M!VYgSl?TfMU��MUORQWg�VyQ
VyO-\Ye�MUTWV�Qf[aO?�
�`\YhaQfVy�`MF\Y� � c/��& g6L?\��1QSLuVyQ��y�!(�\y��QSL?M
e?[a��M!h]g�VyTfMFgSMUOwg6[aQS[]�YMHQS\+euL?\yQf\RM!haM�XtQfTS\`OugU|~­_��l?TSQSLuMUTAc!(
MZ�kL?[]n?[aQ�Qf\�\qh]\��1V�QSLuTSM�g6L?\`h]m¨VyOum¨LuV��`MHn�MUMUO�mk[�gfVyn?h]M!mDd
VyOum�QfL?M�TSM!��Vy[]O?[aOu� � �?(¶VYTSM
[]OugSMUOugS[�Qf[a�`M�mkl?M
Qf\�L?[a�`L
QSL?TfM!gSL?\`h]m?g!|Ao+MUQfVY[ah]M!m�g6QSlumk[]M!gJVYTSM
l?OwmkMUTf��V�i`|
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K4L?M�r;sq{Fn9gSewM�XZ[aÉwXUVyQS[]\YOug-TfM!ÍRl?[]TSM�V�Qf[a��[]O?��TSM�g6\`hal?�
QS[]\YO \Y�)�`��Oug!dwVyOwm V-QSL?TfM!gSL?\Yh�m�\y�JÒ � Ó`ÓYÓ MY×_�J[�QfL�V
g6euTSM�VYm¨\y�/Ò9� ÓYÓ M × |AæJM�XZM!O`QHm?MU�YM!ha\`e?��MUORQfg���\`T)\yQfL?MUT
Vye?euha[�XUVyQS[]\YOug)gSL?\��§QSLuVyQ)QSLuM!gSM+XUVYO�nwM�TfM!V`XWL?M!m�� � � � Ð/V
QSL?TfM!gSL?\`h]m&\y� � Ú ÓYÓ MY×1�J[�QfL�VyO�æ�²j·&\y� ¤YÓ MY×$¢´Vy�áQSMUT$��³n?[aQ4V`m�ÈBlug6QS��MUORQW£FLuV`g�nwM!MUO�VYXWL?[]MU�`M!m�\`O&VbQSM�gBQ�XWL?[]e
�J[�QfL-�`��Oug/g6LuVYe?[]O?�+Qf[a��M`|�K4L?M4XWL?[]ebLuV`g;n�MUM!O-m?MU��\YOk�
gBQfTfVyQSM�m�QS\qn�M�TWVYm?[]VyQS[]\YO�Qf\Yh]MUTWVyORQ�lue�QS\�c ÓYÓ ��TfV`mDd��FM!hah
nwM!iY\`Oum QfL?M¨MU�kewM�XtQSM�mjm?\`gSMb[]OvQfL?M�r;sq{Fn�æJNS{�s¶mkMZ�
QSM�XtQS\`Tfg!|1­+O®r~sq{Fnk�Pg6e�M!XU[�É�X&XWLu[ae®�J[ah]hJn�M�m?M!gS[a�`O?M!mDd
[a��e?h]MU��M!O`Qf[aOu�4QSL?M�g6M)[]��e?Tf\��YM!m+��M!VyQSl?TfM!g!d��J[�QfLb� ÓYÓ�Ô �
gSÍRluVYTSM/e?[a�kMUhYm?[a��MUOwg6[]\YOug;VyOum�V`m?mk[aQS[]\YOuVYhyXZ\YORQfTS\`h�ha\`�Y[�X
TSM!h]VyQSM�m�Qf\¨QfL?M
QSTf[]�Y�YM!T4TSM�Í`lu[aTfMU��MUORQWg�� � $ � |

K;\�[]OuXUTSM�VYgSMFQfL?M+V`XtQS[]�YMU�³VYTSM�V���TWVYXZQS[]\YO=d`h]VYTS�`MUT/Qfl?nwM
e?Tf\yQS\YQBi�ewM�gJVyTfM�l?OumkM!T�mkM!�YMUh]\Yeu�-M!ORQ!|Fo�M!gS[]�YO gBQflumk[]M!g
[aOwmk[]X!V�QfM�QSLuVyQ�QSL?M�mkM�g6[]TfM!m®VYXtQf[a�`MZ�PVyTfM!V���TfV`XtQS[]\YO9XUVYO
nwM�V`XWL?[]MU�YM�mD|$K4L?M euTSM�g6M!O`Q�nwVYgSMUh][aO?M�m?[a��MUOwg6[]\YOug�\y�
QSL?[�g4Qfl?nwM�VYTSM�V��Y�;���¡VYXZQS[]�YM
e?L?\YQS\kXUVyQSL?\kmkM�mk[�Vy��MZ�
QSM!T-¢°c Ó ���¡QS\YQfVyhá£tdDVYOum�VyO � c/��� VYXtQf[a�`M¨gS[ah][�XZ\YOjmk[��
Vy��MZQfMUT�¢´[°| MY|uV-h][aOuM!VyT�m?MU��Vy�`O?[�É�XUV�Qf[a\`O�n�i�Ú�£t|
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K4L?M4g6M!Oug6[aQS[]��[�QBi�\Y�wXZTf\`gfg6�°��\kXZlwgSgSM!mqQfl?nwM4�`MU\Y��MUQSTf[aM�g=Qf\
QSL?M�MU�kewM�XtQSM�m�gBQfTfV�i ÉwMUh�mj\Y�HQfL?M�r;s
{Fn©mk[ae�\Yh]M���Vy�Y�
O?MZQFLuVYgAn�MUM!O�g6QSlumk[]M!m�lwg6[]O?��V�g6QfVYOum?VyTWm-[a��VY�YMJ[]O`QfMUOk�
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�~[]�YluTSM ¤ | ¤ Ðq{FTf\`gfgB�PgSM!XtQf[a\`O�QSL?Tf\Ylu�YL QfL?M¨��V`XZl?l?��MUOk�
�YMUh]\Ye�M
\y�~QSL?M�^AV`m�s�^Ho¨|

g6[aÉuMUTb�J[�QfL1VyO � c/�-� V`XtQS[]�YM�[aO?eulkQ-mk[�Vy��MUQSMUT-VyOum©V
�~�-� []��VY�YMJmk[�Vy��MZQfMUT�|�K4LuM!gSM4QSl?n�M!gFVyTfMF��\`l?Oum-Qf\�nwM
TS\`n?lug6QbQS\�h]\��à��Vy�YOuMZQS[�X�ÉwMUh�m?gUdFnwM�XUVYlug6M�QSLuMU[]T-M!haM�Xt�
QSTf\�m?M�g6QSTfluXZQSl?TfM�VyOum���V�QfMUTf[]VYh�¢ �
\���VyTt£qVYXtQ�V`g
��VY�y�
O?MZQf[]X)gSL?[]MUh�m?g=�J[aQSL�Lu[a�`L�V�Q6QfMUO�luVyQS[]\YOq�´VYXZQS\YTWg!|;­©h]\YO?�`[��
QSlumk[]OuVYh?��Vy�YOuMZQS[�XFÉuMUh�m-[aOwmkluXZM�g/[a��VY�YM4TS\YQfVyQS[]\YO=dy�J[aQSL
ha[]��[�QfM!mjM!mk�`M-mk[�g6QS\YTSQS[]\YOwg¨¢6Ò�Ú (¦��\YT $ ß �RVylugfgW£t|�K4L?M
M "�M!XtQF\y�DVqQSTWVyOugS�YM!TfgSMHÉwMUh�m�\y��QSL?M+gfVy��MJ��Vy�`O?[aQSlumkMJ[�g
V�g6��VYhahw[a��Vy�`M+gSL?[��áQ�d��J[�QfL�Vy�RVy[]O�ha[]��[�QfM!m�M�mk�YM+m?[]g6QS\`T6�
QS[]\YOugJ� � Ú � |AK4L?M!gSM4M "�M!XZQfgHX!VyO�Vyh]h?n�M�XZ\YTfTfM!XtQfM!mb\���[aOuMY|
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K4L?M¨^AV`m s+^Ho¯� � � � []g�L?\`lug6M�m []OvV�XUiRh][]OumkTf[]X!Vyh;�`h]V`gSg
MUO��YM!ha\`ewM�\y� � �`�;���xmk[�Vy��MUQSMUT�dYX!Vye?e�M!m¨�J[�QfL�V�gSe?L?M!T6�
[]X!Vyh�n�\YTf\`gS[]ha[�XUVyQSM ��&+�º�`h]V`gSg1MUORQSTWVyOwXZM«�J[]Oumk\���| ­
�R[�gS[an?h]MZ�³h][a�`L`Q+QSTWVyOugS��[�QSQS[]�YM�e?Lu\yQS\kX!V�QSLu\�m?Mb\y� � Ø {�gf·�n[]g���V`XZl?lu�¨�PmkM!ew\Rg6[aQSM�m«\YO9QfL?Mj[]OugS[]m?Mvg6luT6�´V`XZM�\Y��QSL?M
�J[aOum?\���|-K4L?M�gS[a�`OuVyh���Tf\Y��gS[]O?�Yh]M�e?L?\yQf\�MUh]M!XtQfTS\`Ougq[aO
QSL?M�g6[]ha[�XZ\`O�g6M!OugS\YT;[�g�mkMZQfM!XtQfM!m�n�iq��Tf\YORQ6�³MUOum
M!haM�XtQfTS\`O?[]X
XWL?[aewg4e?h]V`XZM�m&VyQJQSL?M�gSMUOwg6\`T4XU[aTWXZlu�¨��M!TSM!OuXZM�VYOum&�J[aTfMZ�
nw\`OumkM!m QS\1QSL?M�TS\`lkQS[]O?�§ha[]O?M!g���Tf\Y��QSLuMjeuV`m?g!|¶�u\y�
XZlugfg6[]O?��MUh]M!XtQfTS\kmkM�gUd�É?�kM�m�[]O�QSLuM¨�`h]V`gSg�MUO��YM!ha\`ewM`dDmkMZ�
��VY�YO?[a��i&QSL?M�ÎSe?TS\��k[]��[�QBi���\kXZlugfg6M�m?Ï�[]��Vy�`M¨n�i V��´V`Xt�
QS\YT-�k| $?| K4L�lug�V � ����Ý � ���µgS[]ha[�XZ\`O©euVYm���Vyewg�QS\
V��?| $����±gfÍRluVyTfMqeuVYm�\YO&QSLuMqeuL?\yQf\�X!V�QfL?\kmkM�g6l?TS�´VYXUMYd
XZh]\`gSM+Qf\¨QfL?M�æJNS{�s�nuVYgSMUh][]O?M
TSM�Í`lu[aTfMU��MUORQ�|/K4LuMq�`h]V`gSg
MUO��YM!ha\`ewM�[�gF��V`XZl?lu�àg6M�Vyh]M!m�Qf\¨Vbg6QfVY[aOuhaM�gSg6�³g6QSM!MUhwnuVYgSMZ�
e?h]VyQSM��J[aQSL�Ú Ó ��V`XZl?l?�¦��MUM�m��°QfL?Tf\Yl?�`Lug4�JL?[�XWL&MU��QSTWVYXtQ
QSL?M��¨l?h�Qf[aeuhaMU��M�m�g6[]�YOuVYh]g!|
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MZ�keuVyOwg6[]\YO�XZ\�MZË�XZ[]MUORQWg�\y�¨Ou\YTf��VYh�VyOumzn�\YTf\`gS[ah][]X!V�QfM
�Yh�VYgfgUdYVYOum�[]O�VYm?m?[�Qf[a\`O�[�QF�´VYXZ[]h][�QWV�QSM�gAQfL?M+L?[]�YL?�º�`\YhaQfVy�`M
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g6��[]T6Q�V�Q
QfL?M�n�\yQ6Qf\Y� []g
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gBQWVy[]O?haM�gSg6�PgBQfMUMUhbäwVyOu�YM1�JLu[]XWL¸[]OuXU\YTfew\`TfVyQSM!gvV ��O?[a��MZ�
M!mk�`MYd�É?QSQS[]O?�
QSLuM�&��Pg6LuVYewM�mb�`TS\�\��`MF[]ObQfL?MJnuV`g6MU�ºe?h�V�QfMY|
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30 cm

HPD envelope

Pump

Press

Dispensers

��[a�`l?TfM ¤ | ��Ó Ð�·�[�mkM���[aM!�¸\y�FQSL?M-e?L?\YQS\kXUVyQSL?\kmkM�mkM!ew\Y�
gS[�Qf[a\`O�VYe?euVYTfVyQSlug!|

K4L?[�g4�J[ah]hDn�M+Éuh]h]M!m��J[�QfL&mkM!�`V`gSgSM!m�[aOum?[al?�¦�-MUQfVYh�VYOum
XZh]\`gSM!m$¢��J[aQSL®l?e_Qf\��Y����
¦��\YTWXZM�£
QS\���Vy�`M�QSLuM���VYXZ�
l?l?� gSM!VYh°|�K4L?MbMUO��YM!ha\`ewM�TfM!mklwXZM!g+[aOvTfV`mk[alwg4QS\��4VyTWm?g
QSLuM�n�\yQ6Qf\Y�µQS\je?TfMU�YM!ORQ�QSL?M�äwVyOu�YM���Tf\Y�µe?Tf\yÈBM!XZQS[]O?�
n�MUiY\`Oum�QfL?M�TWVYm?[alugb\y�JQfL?M��J[]Oumk\���|�K4L?M�s�&±h]M!V`m?g
��\YT-QfL?M�euL?\yQf\�X!V�QfL?\kmkM�VYOum���\kXZlugfgS[aO?��MUh]M!XZQSTf\kmkM!g¨mk\
e?Tf\yQfTSlum?Mqn�MUi`\YOum�QSLu[]g4TWVYmk[]lug!dkn?lkQ4QSLuMUi�VYTSM
gS[�QfluV�QfM!m
V�Q � � Ó ��[aORQfMUTf��VYh]gHVyOum-QfLRlwgAe?Tf\yÈBM!XZQ)[aORQf\
QSL?M��RVyeug)nwMU�
QB��MUMUO&QfL?M�XZh]\`gSMZ�³euVYXW�`M!m�XUi�ha[]OumkM!Tfg!|

�?\`T4QSL?M�XWLu\`gSMUO&MUh]M!XtQfTS\kmkM�XU\YOkÉw�Yl?TWV�Qf[a\`O=d�MUh]M!XtQfTS\Y�
g6QfV�Qf[]X¨g6[]�bluh]VyQS[]\YOug+e?TSM�mk[�XtQqV�l?O?[�ÍRl?Mb��Vyeue?[aOu�j¢�\`ORQS\
QSLuM-gS[ah][�XZ\YO�gSMUOwg6\`TW£4\Y�)e?L?\YQS\�MUh]M!XZQSTf\YOugJ\`lkQ+Qf\ ß`Ó �-�
TWVYmk[]lug!|�K4L?[]g
XU\YTfTSM�g6e�\YOumug�Qf\&VYOv\��YM!TfVYhah�VYXZQS[]�YMZ�PVyTfM!V
��TWVYXtQf[a\`O
\y�kc � (�|�K4L?M)��&+�º�`h]V`gSg��J[]Oumk\��jQSTWVyOugSeuVYTSM!OuXZi
LuV`g�n�MUMUO«��M�VYgSl?TSM�mDd�VyOwm®VYhah]\���g�e?Lu\yQS\`O mkMZQfM!XZQS[]\YO
l?e1QS\j�?| ��M4& ¢´XU\Y��euVYTSM�m�QS\��?| ��M4&±V`gSgSl?��M!m©[]O©QfL?M
nuV`g6M!ha[]O?M�mkM�g6[]�YOw£Z|HK4��\�MUO��YM!ha\`ewM�g4�J[�QfL���lwg6M�m Í`lwVyTSQS¬
�J[]Oumk\���g¨LuV��YM�n�MUM!O1\`TfmkM!TSM�mDd���\YT-XZ\`VyQS[]O?�v�J[aQSL9{�g6N
QSTWVyOwg6��[aQ6QS[]�YM euL?\yQf\�X!V�QfL?\kmkM!g!| K4L?MUi§�J[ah]h+VYhah]\��àQfL?M
��\kXZlugfgS[aO?�jQS\jnwM g6QSlum?[aM�mDdHVyOwm_�J[]hah4n�M�lugSM!m_QS\je?TS\Y�
mkluXUM
QSL?M
ÉwTfg6QJ��V`XZl?lu�¨�ºQS[]�YLRQ�� Ó Ú`cy�ºewVYm�s�^Ho¨|

­ ��[�g6[]n?h]MZ�³ha[]�YLRQ�e?L?\YQS\kXUVyQSL?\kmkM�m?MUe�\`gS[�Qf[a\`O Vye?euVy�
TWV�QSlwg�LuV`g�n�MUM!O$XZ\`OugBQfTSlwXtQSM�m«V�Q�{�pHæ�
 � ��ß�� d�VYg�[]ha�
h]lugBQfTfVyQSM�m [aOj�~[]�u| ¤ | �!Ó du�J[aQSLvV��´VYXZ[]h][�QBi&��\YT���Vy��[aOu��V
L?[]�YLk�³��VYXUl?l?� g6M�Vyh~\y�/QSL?M¨nuVYgSMZ�³e?h�V�QfM�\YORQS\�QSL?M¨�-MUQfVYh
äwVYO?�YMF\y�kQSLuMF�`h]V`gSg;MUO��YM!ha\`ewM`|;N³Q/[]g�mkM!gS[]�YO?M�m
��\YT/V���VYXZ�
l?l?�¡h]MU�`MUh=\Y� ��Ó ×=Ù 'D�¨nuVyT�dwVYOum XUVYO nwM�nwVy�YM�m&\YlkQ�VyQ
QSM!��ewM!TfVyQSl?TfM!g�lue§Qf\ $ ÓYÓ ��{�|)NPOum?[a��[�mkluVyh�mk[]gSe�MUOugSMUTWg
Vyh]h]\���QSL?M�m?MUe�\`gS[�Qf[a\`Oj\Y�4·�n=dA{�g�VyOum ��d=VyOwmjVYOj\`ek�
QS[�XUVYhHgSi�g6QSM!��e?Tf\���[]m?M!g���\YT�\`O?ha[]O?M���\YOu[�Qf\YTf[aO?��\Y�FQfL?M
ÍRluVyORQfl?�¦MUË�XU[aM!OuXZi`|

��[aOwVyh�VYgfg6M!�bn?h]i¨\Y�DQSL?MqVye?ewVyTWV�QSlwg)�4VYg)e�MUTS��\YTf��M!m
V�Q�{�pHæ�
x[aO 
�\��YM!�bn�MUT ��¤Y¤ ��|�­J�áQfMUT�QSL?MbÉuTWgBQ+nwVy�YMU�
\Yl?Q§XZikXZh]M V�TfM!gS[]m?luVyh�e?TfM!gfgSl?TSM«\Y� ��Ó ×����bnuVYT_��V`g

1 cm

��[a�`l?TSM ¤ | �`� Ð�r~V�iY\`lkQ¨\Y�+QSLuM euVYm?g-\Y�+QSLuM � Ó ÚRc��³euVYm
g6[]h][]XU\YO�mkMZQfM!XtQf\YT�|

VYXWL?[]MU�`M!mD|/K4L?MJ[]Oumk[]l?� g6M�Vyh][aOu�qLwVYgAn�MUM!O�g6luX!XZM�gSg6��l?h]hai
QSM�gBQfM!m9� ��ß�� d~VyOwm�QfM!g6QS[]O?��\y�HQfL?M�MU��VYew\`TfVyQS[]\YOjgSikgBQfMU�
[]g�O?\��$l?OwmkMUTf��V�i`|

� À,1´À°ÇYÂ�Ã ��Æ�Ã���ÂwÅ
­¯� Ó ÚRc��³euVYm�g6[]h][]XU\YO1gSMUOugS\YT¨LuVYgbnwM!MUO®mkMU�`MUh]\Ye�M!mDd)V`g
g6Lu\��JO§[]O ��[a�w| ¤ | �Y� |«N³Q�[�g�mk[]��[]m?M!m9[]O`Qf\ �!ß g6M�XtQf\YTWg
¢�M�VYXWL1XU\��YMUTf[]O?�j�Y�?| � �U£Z|_K4L?M��4V���M!TbLuV`g�V�TWVYmk[]lug¨\y�
�`�k| �����¸VyOwm
QSL?[�XW��O?M!gfg~\y� � c Ó�Ô ��|�K4L?MF[aOuO?MUT)�Y�����
TSM!�Y[]\YO§[aO®TfV`mk[]lug�XZ\YORQWVy[]Oug¨QSL?M � ��� euV`m?g�VyOum1QSLuM
\YlkQfMUTF�?| �~��� TSM!�Y[]\YO-[]g/lugSM!m¨Qf\
�´VyOk�³[aO-QfL?M � �Yc+QfTfV`XZM�g
\y�)V�gSM!XtQf\YTJ\`O`Qf\��J[aTfMZ�³n�\YOumk[]O?��euV`m?g!dk��\YT+XU\YO?OuM!XtQf[a\`O
QS\�QfL?M�TSM�VYmk\`lkQ�XWL?[]e=|�K4L?M�gS[a�`OuVyh�g�VyTfM-­+{H�PXZ\`l?e?h]M!mDd
�J[�QfL�V�XUVYeuVYXU[�Qf\YTA\Y� ��ÓYÓ eu�vQS\�QSL?M�[]O?e?l?QF\y��QfL?M�TfM!VYmk�
\YlkQ+VY��e?ha[aÉuM!T�VyOum&V�TSM�g6[�g6QS\YT4\Y�A� Ó ² � Qf\-�`TS\`l?OumD|

K4L?[�g�gSMUOugS\YT�LwVYg�n�MUM!O$gSluXUXUM!gfgB��l?h]h]i§QfM!g6QSM�m9�J[�QfL
e?L?\YQS\�MUh]M!XZQSTf\YOug�lugS[]O?�«QSLuM &�­�$«TSM�VYmk\`lkQ�XWL?[]eà� � � � d
�J[�QfL�= �DÔ g�e�M!VY�R[]O?�9Qf[a��MY| K4L?M_��M�VYgSl?TSM�m$eul?h]gSMZ�
L?MU[]�YLRQJg6e�M!XZQSTfl?�¶��Tf\Y� V¨gS[]O?�Yh]M+euV`m�[�g4g6L?\��JO�[aO&�~[]�u|
¤ | � �?dw�JL?M!O�QfL?M¨gSMUOugS\YT�[]gqMU��e�\`gSM!m&Qf\�� Ó �YM4&xe?L?\YQS\Y�
MUh]M!XZQSTf\YOug+[aOvV�e?l?��e�M!m QfM!g6QqgSMZQfl?e1� � � � |�K4L?M-g6[]O?�`haMU�
e?L?\YQS\�MUh]M!XZQSTf\YO�gS[a�`OuVyh`[]g~V�Q ��Ó �/d��JL?MUTfM ��[�g=QfL?M $
VYlug6�
g6[�VyO«�J[�m�QfL$\y�
QfL?Mve�M!mkM�gBQWVyhº|xK4L?[�g�e�MUTS��\YTf��VyOuXUM []g
�F\`TfgSM�QSLuVYO�QSLuVyQH��M!V`g6l?TfM!mb��\YT)QSL?M�euTSM!�R[]\YlwgH�Y� ß �³euVYm
g6M!OugS\YT�� � c � dRm?l?MJQS\�m?[ "�MUTfMUOuXUM!gA[]O�QSLuM���VyO�lk�´VYXZQSl?Tf[]O?�
\y�4QSLuM�g6[]h][]XU\YO���Vy��MUT�� � � � | ­ O?M!�¶e?TS\kmklwXtQS[]\YO�\Y���`�
LuVyha�á�³��Vy��MUTWg¨VYOum§�`����l?h]hJ��Vy��MUTWg�[�g-O?\��à[]O1e?Tf\Y�`TSM�gSg!d
Vy[]��M!m�V�QJTfM!XZ\��`MUTf[aOu��QSLuM�nwMUQ6QSM!T�e�MUTS��\YTf��VYOuXZM`|

K4L?M�g6[]h][]XU\YO©g6M!OugS\YT
[]g��Yh]l?M!mvQS\�QfL?M�l?OumkM!TfgS[�mkM�\y�
V¨XUMUTWVy��[�XJe?Tf[aORQSM�m��PXZ[]TfXUl?[�Q4n�\`VyTWmDdRhaM�V���[aO?��QSL?M��Y�����
g6M!OugS[�Qf[a�`M�TWVYmk[]lug¨\y��QfL?M&gSMUOwg6\`TbMZ�ke�\`gSM!m�Qf\j[]OuXU[]mkM!ORQ
e?L?\YQS\�MUh]M!XZQSTf\YOug!|)K4L?M�XZM!TfVY��[]X�LuVYgJ��\Yl?TJh�V�iYM!Tfg��JL?[�XWL
XZ\`O`QWVy[]O VYhah�QfL?M9TS\`lkQS[]O?��h][aO?M�g���\YT©TfM!V`mk\YlkQ�\y�&QSLuM
�!ß XWLu[aeug�QSLuTS\`l?�YL«\`lkQSe?l?Qfg&XZ\YOuO?M!XZQSM!m«QS\_QfL?M���M!M!m��
QSL?Tf\Ylu�YLug4\Y�;QSLuM�nuVYgSMZ�³e?h�V�QSM`|

K4L?M &/­�$�XWL?[]evLuV`g+n�MUM!OvlugSM!m []O�QfL?M�ÉwTfg6Q�e?LwVYgSM
\y��æ�
�o n�M!XUVYlugSM�[aQ�LuV`g�ha\�� O?\Y[�g6M`d
[]g&QfM!g6QSM!m�VYOum
TSM!ha[�VynuhaM 'qLu\��FM!�YMUT�d4[�Q&[]g�QS\�\®g6h]\��¯��\YT�\`ewM!TfVyQS[]\YO VyQ
r;s
{�|�K4L?M&·u{�K � � �ycY­¶[�g-V��´VYg6Q�¢°�`��OugW£tdAh]\��ÌO?\`[]gSMYd
TfV`mk[�V�QS[]\YO?�ºLuVYTfm � �ycy�³XWLwVyO?O?M!h�VYOuVyh]\Y�`l?M�XWLu[ae=d��J[aQSL9V
� �Yc��³MUh]MU��MUORQ/e?[ae�MUh][]O?MYd�mkMU�`MUh]\Ye�M!mb��\YTAQfL?M�­AKJr;­q·-g6[]h��
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Pulse height   (ADC counts)

En
tri

es
Pedestal

1 p.e.

2 p.e.

��[a�`l?TSM ¤ | � �?Ð;^)luh]gSMZ�³L?MU[]�YLRQ/g6e�M!XZQSTfl?�¸��\`T/VqgS[aO?�`haM4euV`m
\y��QfL?M�� Ó Ú`c��³euV`m�gS[]ha[�XZ\`O§mkMUQSM!XZQS\`T-[]O§QSL?M�^AVYm_s�^Ho
QSM�gBQ�g6MUQSl?e;|�K4LuM�e�M!VY��g-gSL?\�� QSL?M&ewM�mkM!g6QfVYhJVyOum©TfMZ�
g6\`ha�`M!m�\YO?M�VYOum�QB��\�e?L?\YQS\�MUh]M!XZQSTf\YO�gS[]�YOuVYh]g!|

[]XU\YO�QfTfV`XW�YMUT�� �!¤�� |AæJM�XZMUORQfhai�V�O?\`[]gSM�h]MU�YM!hu\Y�=� ÓYÓ My× �
� Ó MY×�Õ�eu��LwVYg-nwM!MUO§�-M�VYgSl?TfM!m_[]O§Vje?Tf\yQf\yQBi�ewM�XWL?[]e
¢��J[aQSL�V�h]\��¸XUVYeuVYXU[�QWVyOuXUM-gSMUOwg6\`TW£Z|�r;sq{Fnj[]gqeuVYT6Qf[]XU[��
euV�Qf[aOu� [aO_V�O?M!�ÌeuTS\kmkluXZQS[]\YO©\Y�4V gSha[]�YLRQfhaij�-\kmk[aÉuM�m
XWL?[]e=dyVy[]��[aO?����\YT/V�Ou\Y[�g6M�haM!�YM!h`\Y� = ßYÓ`Ó MY×���\`T;QfL?MJ^AVYm
s+^Fob|

�43��43 � �98=>�"�EFGJI§8~@B8���Ik<?EH:��#� �
K;\J��M!MZQ~VYhahy\Y�`QfL?MHr~sq{Fn
TSM�ÍRl?[aTfMU��M!O`QWgUdU��l?TSQSL?M!T;��\km��
[�É�XUV�Qf[a\`Oug/�J[]hah?n�MJTfM!ÍRl?[]TSM�m�Qf\�QfL?M4��Tf\YORQ6�³MUOum-M!haM�XtQSTf\YO?�
[]X!g�\Y�/n�\yQfL QSLuM¨^)[a�kMUh�VyOum ^AV`m s+^HoÌmkMU�`MUh]\Ye?��M!O`QWgUÐ
[aOxeuVyTSQS[�XZl?h�VyT�d�QfL?M1e?Tf\���[]gS[]\YO�\y��V gSl?[aQfVYn?haM®mkMUTWVyO?�
mk\Y��[�g6[]O?��n?l "�MUT�d~VYOumj�bl?haQS[]e?h]MZ�k[aOu�&[]O��YTf\Yl?ewg�\Y� $R�
TfVyQSL?M!T�QSLuVYO � �yc-XWLuVyOuO?MUh�gU|

o�VyQfVb��TS\`�ÌQfL?M
æJNS{�szm?MZQSM�XtQf\YTWgH�J[]hah�O?\YQ�n�Mqlug6M�m
[aObQSL?M4M�VyTfhai
h]MU�YM!h]g�\Y�?QSL?MJr~sq{Fn�QfTS[]�Y�`MUT�|~K4L?M4r=M!�YM!h�� Ó
QSTf[a�`�YM!T�TWV�QfM-[�g � ²�s+¬Yd~VYOumvQSL?M�m?VyQfV&�J[ah]hAn�M�g6QS\`TSM�m
[aO m?[a�`[�QWVyh�n?l "�M!Tfg�gS[aQSluVyQSM!m«V���M!�¡�-MUQSTfM!g���Tf\Y�}QSL?M
e?L?\YQS\kmkMZQfM!XZQS\YTWg��JLu[ah�gBQ¨QSL?M&r=M!�YMUha� � QSTf[a�`�YMUT¨mkM!XU[]gS[a\`O
[]g-n�MU[]O?����V`mkMY|_K4LuM�muV�QfVv�blug6Q�QSL?M!TSMU��\YTfM�n�M�TfM!V`m
��TS\`�¦QfL?M¨m?MZQSM�XtQf\YTWg��J[aQSL?[]O �=Ô g!dw�JLu[]XWL=d�V�QqV�TWV�QSMb\y�
Ú Ó ²�s+¬Yd�TfM!ÍRl?[]TSM�g=�¨l?h�Qf[aeuhaMU��[]O?��[aO��`TS\`l?eug;\y�,$`��XWLuVyOk�
O?MUh�g!| $q[]�YM!O�QSL?M�O�l?�bn�MUTF\y�;XWLuVYO?O?MUh�g!d�= �!Ó Þ+TSM�VYmk\`lkQ
ha[]O?M�g
�J[ah]h)n�M-TfM!ÍRl?[]TfM!mDd;VYOumvQSL?M�e�\`gfg6[]n?[]ha[aQBi�\Y�FlugS[aOu�
QB�J[]g6QSM�m��³euVy[]TJXZ\YeuewM!T�XUVynuhaM�g4[]gJluOumkMUTJ[]O��YM�gBQf[a�RV�QS[]\YO;|

­�QªQSL?M g6[aQSM \Y�ÌQfL?M}r;MU�YM!h�� � n?l "�MUTWgUd±¬UM!TS\Y�
g6lue?e?TfM!gfg6[]\YO�VyOum¨��M�V�QSluTSMJMU�RQfTfV`XtQf[a\`O¨�J[]hahwVyh�g6\
n�M�ewM!T6�
��\YTf��M!mDd~ew\RgSgS[anuhaijlug6[]O?��V o
·k^A�³nuV`g6M�m�gSikgBQfMU��|�K4LuM
TSM�ÍRl?[aTfMU��M!O`QWg�VYTSM-�YM!TSi�gS[]�-[]h�VyTqQS\&QSLu\`gSM¨\Y�HQSLuM�&AM!T6�
QSMU��o�MZQfM!XtQf\YT�¢´MZ�?XZM!ekQ�QfLuV�Q�QfL?M�m?VyQfV�[�g�O?\YQblugSM!m�[]O
QSL?M�r;MU�YM!h�� � QSTf[a�`�YMUT4mkM�XZ[�g6[]\YOw£�gS\�V¨XU\Y����\YO�g6\`halkQf[a\`O
[]g�l?OwmkMUT�g6QSlum?iv� � $ � |)�?l?TSQSL?M!T4�bl?haQS[]e?h]MZ�k[aOu�-�J[]h]h�QSL?M!O
TSM�mkluXUMHQfL?M4ORlu�bn�MUTA\y� � $qn�å�g/TfM!V`mk\Yl?Q�h][aOu��g/TfM!ÍRl?[]TfM!m
QS\�QfL?M¨o+­�� g6ikg6QSMU�±QS\ $`�?|��?\YT+QSL?M-n?[]OuVyTfi&TSM�VYmk\`lkQ
QSLuVyQb[�g�XZl?TfTfMUORQSh]i ��\YTfM!gSMUM!O���\YT�QfL?M�^)[a�kMUh)s�^Ho¨d=QSLu[]g
O�l?�bn�MUT�XU\Yl?h�m&nwM
��l?TSQSLuMUTJTfM!mkluXUM!mD|
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² l?haQS[�VyO?\kmkMze?L?\yQf\Y�¨l?h�Qf[aeuha[]MUTWg_LuV��`M«nwM!MUO¯VYmk\`ekQSM�m
nRi&QfL?M�s+pHæ+­J� *�XU\Yh]h]VYnw\`TfVyQS[]\YO�Qf\�[]Oug6QSTfl?��MUORQ�QfL?MU[]T
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Event Display of Run 487  (6225 triggers)
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ECAL and HCAL BEAM TEST

0 10 20 30 40 50 60 70 80 90

0
10

20
30

40
50

60
70

80
90

0

200

400

600

800

1000

1200

ELECTRON, MUON AND PION SEPARATION at 50 GeV  BEAM

ECAL energy, GeV
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 Total Pads µ1 = 12904 pads 
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Region IV: 2176 pads 


8cm × 16 cm pads

Region III: 3744 pads
4cm × 8cm pads
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~25.2 mm
pads

leads to pads

spacers 

(0.8mm)




Honeycomb Plane (6mm) melamine/phenolic

sheets (0.9 mm)

0.8 mm




Aluminum sheet 

Shield (0.8 mm)

Ground Plane 

3.2 mm G10

G10   0.8mm

Plated 

through holes

Honeycomb Plane (6mm)

G10

(0.8mm)

connector

Aluminum sheet 

Shield (0.8 mm)

HV plane
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pp inelastic

Bd → π+π−

Bs → Dsπ−
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processor

Stack I

Stack II

Μ5 Μ4 Μ3 Μ2 Μ1

Pad Region Sizes

5×3=15 pads

3×3=9 pads

Seed Pad

5×1=5 pads

17×1=17 pads
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MUON
IDENTIFICATION

≈
 100 ns

MUON
PROCESSING

≈ 1 µ s 1
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L0 DECISION and L1 INTERFACE
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L0(muon) Trigger
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Operating
 System
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Framework
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Tools
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•Tools
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•Methods
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•Run Control

•
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•
Consoles
•
Shift Crew
Enviroment

•
Data Management : Event Store, Geometry, Database Utilities, ODBMS, MSS
•
Architecture : Frameworks, Component model, Distributed system
•
Toolkits : GUI, Histograms, Communications
•
Utilities : data quality monitoring, event display, bookkeeping
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 fs RMS = 42.8 ± 1.6 fs
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	 (b→c)

T2: tree diagram

	 (b→u)
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	 (b→c)
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R O C P HGU JK<N:LM �;RYA :LJ R OQ\�\ HrU,A OLM />qlHrA :LJ ( :X ) n FX ¾�E
E OLP UBCtU O RNHGAGVBH'&@T;CFX O qFH P RaR :[:LP H0?�H OL<a:QJ U O R O R O �iC P>\ b
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qFCl��H$qFCl= :i: U J T P E.RDC :LP CtA JK: T P U ~p� =;CtEY=�AS= : T;qtU O q �oO ?BA
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 X{E :�<D< HGA�/ :�P U�R :� X�¶ c ª4OQP U�¹ k V < HrA
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ysH0UBH.RNH <NM C P HrU b ` :j� H$X�H < VQRD=>H�ADH P ADC�RNClXiClR�?{R : � R � � �
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