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ZIdkqD\ws�mud�qMjXd3�<ng�I\�mXZI\AjX\whk�IdfzIm(\weo\wc:mujXdfpMngc~s&hkpM���Mh$mXh�hkc~�HzMngsXnomXnodfp���dkj&mXZMngs�\:�<qD\~jlng}�\wp�m~�,Y[ZI\~jX\���ngege
hkegsud�iD\�h�ZMhk�IjXdfpMngc�c~hkeodkjlng}�\~mu\~j�����]_^O`��vqMjXdkmudkmyxHqD\�hkpM�R��hkeomXZIdfzI{fZ�mXZI\��O��ngs�pIdkm���zMpM�MngpI{�hkp�x
\weo\wc:mujXdfpMngc~s~�Hnom-��dfzMeg��iD\�zMsu\~��zMeIno��mXZI\�b_]_^O`�jX\whk�IdfzIm-\weo\wc:mujXdfpMngc~stc:dfzMeg�Ahkegsud(iD\[zMsu\w����dkjtmXZI\���]_^O`-�
a�p�mXZMngs�c~hksu\k�rmXZI\(pIdfp<|y�O� {kjXdfzIqrs[ngp��kdfeo�k\w����dfzMeg��qrhwx���dkj[mXZI\�\:�<mujlhAiDdfh$jl�Ms�pI\~\w�I\w�R�
Y[ZI\�qMjXdkmudkmyxHqD\5c~hkeodkjlng}�\~mu\~j&��ngege�c:dfpMsXngsum�dk�[¡$��eghwxk\~jls(dk�_sXngegngc:dfp��Mnod<�I\ws~�AbthkclZ�eghwxk\~jvc:df}�qMjlngsu\ws

h0¡�¢�¡�h$jXjlhwx�dk�OsXngegngc:dfp��Mnod<�I\,�_h$��\~jlsAhkpM��mXZI\�mXZIjX\~\�sXngegngc:dfp��_h$��\~jls�ngp�h�jXd3��ngp�\whkclZ4eghwxk\~jA��ngege
iD\�}�dfzMp�mu\w��dfp�£_]_¤O¥ s���ZMngclZ�jXdfzImu\�mXZI\��Mnod<�I\�sXno{fpMhkegsOmud�mXZI\��k\~jXx���jXdfp�m¦\wpM�§��¨¦©�b_�OclZMnoqrs¦��ZMngclZ
qMjXd3�<ng�I\�hk}�qregnoªrc~h$mXnodfp�hkpM��sXZMh$qrngpI{I�«bthkclZ�eghwxk\~j�mXZI\~jX\~��dkjX\&c:dfpMsXngsumXs�dk�VmXZIjX\~\&sXzMclZ�¨¦©�b«|y£_]_¤O¥ s~�
Y[ZI\�sux<sumu\w}¬��ngegeFiD\&mujlno{k{k\~jX\w��zMsXngpI{A\:�<mu\~jlpMhke«eodk{fngc&irhksu\w��dfp���hksum¦sXc~ngp�mXngegegh$mudkj¦�I\~mu\wc:mudkjls�ngp�mXZI\

iD\whk}egngpI\k�tY[ZMngs_mujlno{k{k\~j���ngege�iD\(sXzIqMqregno\w�,mud5mXZI\(jX\whk�IdfzIm[\weo\wc:mujXdfpMngc~s��<nghAeo\w}�d5c~h$ireo\ws~�MqMjX\wsXzM}Ah$ireox
h$m�®�au¯�eo\~�k\wegs~�
Y[ZI\��Mnod<�I\ws~��¨¦©�b�clZMnoqrs~�$¨¦©�b«|y£_]_¤O¥ s�hkpM�&mXZI\wnojVqDd3��\~j�sXzIqMqregno\ws~��hksV��\wege�hksVmXZI\�iD\whk}°mujlno{k{k\~j«hkpM�

nomXsOeodk{fngc$����ngegeRiD\&qMjXd3�<ng�I\(iHx�pIdfp<|y�O�±{kjXdfzIqrs~����ZMngeo\�mXZI\��O�±��ngegeFpI\~\w��mud,qMjXd3�<ng�I\vhkege>mXZI\&jX\whk�IdfzIm
\weo\wc:mujXdfpMngc~s[�Id3��pMsumujX\whk}hkpM��mXZI\(�Mh$mXh�hkc~�HzMngsXnomXnodfp0��²[^�³(�_sux<sumu\w}�mudAjX\whk��nom_dfzIm~�t^OegeDsXno{fpMhkegs_��jXdf}
\whkclZ#¨¦©�b«|y£_]_¤´h$jX\�hksXsXzM}�\w��mud�iD\�jXdfzImu\w��mXZIjXdfzI{fZ#h�sXngpI{feo\�c:dfpMpI\wc:mudkjw�#Y[ZMngs&��ngegetqMjXd3�<ng�I\,mXZI\
��\wegeµ|y�I\~ªrpI\w��ngp�mu\~jX��hkc:\(iD\~my��\~\wp�mXZI\(my��dAqrh$jXmXs�dk��mXZI\�\weo\wc:mujXdfpMngc~s~�tY[ZI\(�O� ��ngege�qMjXd3�<ng�I\�hkp�x�c~h$ireo\ws
pI\~\w�I\w����jXdf}�mXZMngs�c:dfpMpI\wc:mudkjw�
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^Op4d3�k\~jX�<no\~�¬dk�(mXZI\�qMjXdkqDdfsu\w�4b_]_^O`Äsux<sumu\w}�ngs5sXZId3��p1ngp§©�no{I�¦�$�°Y[ZI\�sux<sumu\w}�ZMhksAmXZI\�c~h$ireo\ws
��jXdf}�mXZI\,¨¦©�b«|y£_]_¤O¥ s�c:dfpMpI\wc:mXngpI{��MnojX\wc:mXeox�mud0Å$�¨�¯�bÁiDdfh$jl�Ms~����nomXZ�hkegetmXZI\�pI\wc:\wsXsXh$jXx0jX\whk�IdfzIm
\weo\wc:mujXdfpMngc~s&dfp�mXZI\wsu\,iDdfh$jl�Ms~��Y[ZI\5sux<sumu\w}���dfzMeg�0jlzMp0mujlno{k{k\~jX\w��hkpM��jX\whk��dfzImv\whkclZ�\~�k\wp�m�iD\~��dkjX\
hkegeod3��ngpI{�mXZI\vpI\:�<m�mujlno{k{k\~jOmud,d<c~c~zIjw��Y[ZMngs���dfzMeg��iD\&c:dfp�mujXdfegeo\w��iHx�h5sXngpI{feo\�¨�¯�b1mujlno{k{k\~j¦ZMhkpM�MegngpI{
iDdfh$jl�v��ZMngclZv�MngsumujlnoirzImu\wsFmXZI\_mujlno{k{k\~j-hkc:jXdfsXs�mXZI\_irhkcXÆHqreghkpI\k�«®�d��Mh$mXhOjX\w�MzMc:mXnodfp�ngs��IdfpI\_ngp�ZMh$jl�I�_h$jX\k�
sud5hkegeFÇfÈ$�$�5clZMhkpMpI\wegs[h$jX\�jX\whk��dfzIm���dkj[\whkclZ�mujlno{k{k\~jw�
Y[ZI\¦irhksXngcOzMpMnom�dk�>mXZI\¦jX\whk�IdfzIm�ngs�irhksu\w��dfp�mXZI\(Ç$�v¨¦©�b«|y£_]_¤O¥ s~�tY[ZI\wsu\¦\whkclZ�ZIdfeg���~�fÉ�clZMhkpMpI\wegs

��ZMngclZ0h$jX\,}vzMeomXnoqreo\:�<\w��dfp�mud�Å�egngpI\ws~�,aÊm(��dfzMeg�0iD\5c:dfp��k\wpMno\wp�mvmud�c:dfp�mXhkngp�mXZI\5��ZIdfeo\5sux<sumu\w}�ngp0h
sXngpI{feo\�sumXhkpM�Mh$jl�5¨�¯�b#c:jlh$mu\¦dk�V�<�OsXeodkmXs~�-^OsXsXzM}AngpI{(hv£_]�aXË3¨�¯�b#ngp�mu\~jX��hkc:\¦c~h$jl��hkpM�,hvsXngpI{feo\[��ng�ImXZ
mujlno{k{k\~j_c~h$jl�R�<mXZMngsteo\whw�k\ws��wÇ&sXeodkmXst��dkj�mXZI\OjX\whk�IdfzIm�iDdfh$jl�Ms~��Y[ZI\�dkiH�<nodfzMs��Mno�<ngsXnodfp�ngstmXZI\wp��wÌ(jX\whk�IdfzIm
iDdfh$jl�Ms~��\whkclZ#ZMhkpM�MegngpI{�mXZI\�sXno{fpMhkegs&��jXdf}	Å�¨¦©�b«|y£_]_¤O¥ s~�«\w�HzMno�$hkeo\wp�mvmud���dk�[mXZI\�¡$��eghwxk\~jlsvdk�[mXZI\
c~hkeodkjlng}�\~mu\~jw�
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x30 layers

Si diode wafers

cables
Twisted−pair

VFE
chips

Readout board

x15 boards

Trigger board

6U VME crate

External trigger
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^OeomXZIdfzI{fZ�mXZI\Ab_]_^O`#\weo\wc:mujXdfpMngc~s¦��ngege>ªMm�ngp�mud�h�sXngpI{feo\v¨�¯�b°c:jlh$mu\k�Vno�-mXZI\�jX\whk�IdfzIm�iDdfh$jl�Ms¦h$jX\
hkegsud�zMsu\w����dkjvmXZI\���]_^O`-�>mXZI\wp�}�dkjX\5mXZMhkp�dfpI\�c:jlh$mu\���ngege«iD\5pI\~\w�I\w�R����\wpMc:\k�«mXZI\,mujlno{k{k\~jviDdfh$jl�
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^±��zIjXmXZI\~j�iDdfh$jl��}Ahwx�iD\�jX\w�HzMnojX\w����dkj(mu\wsumXngpI{�mXZI\�jX\whk�IdfzIm�iDdfh$jl�Ms��MzIjlngpI{5mXZI\AqMjXdkmudkmyxHqD\AhkpM�

qMjXd<�MzMc:mXnodfp&qrZMhksu\ws~�«Y[ZMngs>mu\wsum«iDdfh$jl����ngegeHsu\wpM��hkpM��jX\wc:\wno�k\�mXZI\[sXno{fpMhkegsVmud(hkpM����jXdf}Áh�sXngpI{feo\�jX\whk�IdfzIm
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� � Q�¾MN
� \�hksXsXzM}�\&mXZMh$mO��\v��ngegeRirzMngeg���AqMjXdkmudkmyxHqD\wsOdk�-mXZI\vjX\whk�IdfzIm�iDdfh$jl�MsOhkpM����dkjOqMjXd<�MzMc:mXnodfpR�r��\�pI\~\w�
�wÌ,jX\whk�IdfzIm¦iDdfh$jl�MsOqregzMs�Ì,suqrh$jX\ws~�vY[ZI\vmujlno{k{k\~j(iDdfh$jl����ngege>pI\~\w��h$m(}�dfsum���qMjXdkmudkmyxHqD\�iDdfh$jl��hkpM�R�
��dkj[qMjXd<�MzMc:mXnodfpR�I�viDdfh$jl�Ms_qregzMs¦��suqrh$jX\k�-Y[ZI\�mu\wsum�iDdfh$jl����ngegeriD\�qMjXd<�MzMc:\w���MzIjlngpI{&qMjXdkmudkmyxHqrngpI{AhkpM�
pId�qMjXd<�MzMc:mXnodfp�dk�VmXZMngs�ngs[pI\~\w�I\w�R�
a�p�hk�M�MnomXnodfp0mud�mXZI\,qrzIjXqDdfsu\AirzMngeom(iDdfh$jl�Ms~�VmXZI\�sux<sumu\w}	hkegsud�pI\~\w�Msvc:df}A}�\~jlc~nghkegeox�hw�$hkngegh$ireo\,ngp<|

��jlhksumujlzMc:mXzIjX\k�>pMhk}�\weoxk�>h�£_]�aXË3¨�¯�b°ngp�mu\~jX��hkc:\5c~h$jl�R�>h�¨�¯�b°\:�<mu\wpM�I\~jw�>h�ZMno{fZ<| \wpM��£_]O�Fsudf}�\A�MngsuÆ
sumudkjlh${k\vhkpM��¨�¯�b4c:jlh$mu\wsOhkpM��qDd3��\~jOsXzIqMqregno\ws~�
^OegeMmXZI\���dfegeod3��ngpI{(qMjlngc:\wstngpMc~egzM�I\�¨�^«Y��<^ ¨�¯�b«|y£_]�auÉ$�f�kÅv£_]�aXË3¨�¯�b�ngp�mu\~jX��hkc:\¦c~h$jl�,su\~m~�IngpMc~egzM�<|
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£_]�aOªMiMjX\�clZMhkpMpI\we �V¯�d<�I\wetÅ<�wÉH��hks(mXZMngs�c~hkp0ZMhw�k\5mXZI\5£_]°dfzImXsXng�I\�mXZI\Ajlhk�Mngh$mXnodfp�h$jX\wh���mXZI\Ac:dfsum&ngs
hksXsXzM}�\w��mud0iD\�sXng}Angegh$jw��^
�MzMhke_£V\wp�mXngzM}�| aÊ¨v�t���¦���k�����OiHxHmu\ws5}�\w}�dkjXx�£_]O�«��nomXZ#sXc:jX\~\wp§hkpM�
Æk\~xHiDdfh$jl�R�Fngs��HzIdkmu\w��iHx�]�df}�qrzMsux<s¦h$m���¡kÅkÉ$�<��©Idkj&�MngsuÆ��Rh��$� ��Y�iHxHmu\ws�h$jXjlhwx�suqMjX\whk��d3�k\~j5�w�,a�²¦b
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��É�Æ���]_b���®[|ysuqD\wc~noªrc~h$mXnodfpR� � \ws¦¨O���kÇH�FÅ$� ¨�¯�b�c:jlh$mu\ws~�RngpMc~egzM�MngpI{�qDd3��\~j¦sXzIqMqregno\ws~�Mh$jX\��HzIdkmu\w��h$m
�>�HÈ��k�<�
Y[ZI\~jX\~��dkjX\k�rhkp�\wsumXng}Ah$mu\w��c:dfsumXngpI{Adk��mXZI\�jX\whk�IdfzIm[\weo\wc:mujXdfpMngc~s[ngs��
� ®�dfp<| jX\wc~zIjXjlngpI{��I\wsXno{fp�c:dfsumXs��M��dkj�hkegeR\weo\wc:mujXdfpMngc~s
������Æ��
� �[\whk�IdfzIm[iDdfh$jl�Ms������fÈ��k�AqD\~j�iDdfh$jl�§¢4�k��iDdfh$jl�Ms�����ÌkÇ�Æ��

�



� Y>jlno{k{k\~j[iDdfh$jl� �����w�$�k�AqD\~j[iDdfh$jl�#¢#�AiDdfh$jl�Ms�����Ì�Æ��
� Y>\wsum[iDdfh$jl� �����kÇ$�k�AqD\~j�iDdfh$jl������¡�Æ��
� ]_h$ireo\ws&��{fzI\wsXsumXng}Ah$mu\w��� � ��¡$��qD\~j�c~h$ireo\�¢ �~�k�5c~h$ireo\ws
����¡�Æ��
� £_] hkpM���MngsuÆ � �>�kÆ���dkj[mXZI\&£_]O����É�Æ���dkj&�$� �5Y�iHxHmu\ws[dk���MngsuÆ �����w��Æ��
� ¨�¯�b1ngp�mu\~jX��hkc:\ws�� �>�kÆ���dkj�£_]�ay| ¨�¯�b4ngp�mu\~jX��hkc:\k� ��¡�Æ,��dkj�¨�¯�b§\:�<mu\wpM�I\~j ���«È3Æ��
� Å$�Ä¨�¯�b1c:jlh$mu\&hkpM��qDd3��\~jOsXzIqMqregno\ws�� ��Ì�Æ�qD\~j�c:jlh$mu\�¢4��c:jlh$mu\ws �����~�$Æ��

^OegeD�$hkegzI\ws�{fno�k\wp�h$jX\&ngp�© � �f�fË��f¡5qMjlngc:\ws[hkpM��ngpMc~egzM�I\O¨�^«Y��rsudAmXZI\(mudkmXhkeVc:dfsum[dk��mXZI\(\w�HzMnoqr}�\wp�m���dkj
mXZI\(qMjXd��u\wc:m[ngs�mXZI\~jX\~��dkjX\&© � �f�fË��f¡ ���~�I�:Æ��
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YVhksuÆ ²¦h$mu\&dk��c:df}�qreo\~mXnodfp
�[\whk�IdfzIm[\weo\wc:mujXdfpMngc~sO]_² � �¦c:mudkiD\~jO�$�k�f�
£-jXdkmudkmyxHqD\(jX\whk�IdfzIm[iDdfh$jl���I\wsXno{fp�c:df}�qreo\~mu\w� 
fhkpHzMh$jXx��$�k�f¡
�[\whk�IdfzIm[iDdfh$jl��£t² � ©I\~iMjlzMh$jXx��$�k�f¡
£-jXdkmudkmyxHqD\(jX\whk�IdfzIm[iDdfh$jl��eghwxkdfzIm�hkpM����h$iMjlngc~h$mXnodfp�c:df}�qreo\~mu\w� ¯�h$jlclZ��$�k�f¡
Y>\wsum[iDdfh$jl���I\wsXno{fp�c:df}�qreo\~mu\w� ^�qMjlngeR�$�k�f¡
£-jXdkmudkmyxHqD\(mujlno{k{k\~j�iDdfh$jl���I\wsXno{fp�c:df}�qreo\~mu\w� ^�qMjlngeR�$�k�f¡
Y>jlno{k{k\~j[iDdfh$jl��£t² � ¯�hwx��$�k�f¡
Y>\wsum[iDdfh$jl��eghwxkdfzImOhkpM����h$iMjlngc~h$mXnodfp�c:df}�qreo\~mu\w� 
fzMpI\(�$�k�f¡
£-jXdkmudkmyxHqD\(mujlno{k{k\~j�iDdfh$jl��eghwxkdfzIm�hkpM����h$iMjlngc~h$mXnodfp�c:df}�qreo\~mu\w� 
fzMpI\(�$�k�f¡
£-jXdkmudkmyxHqD\(jX\whk�IdfzIm[iDdfh$jl��hkpM��qMjXdkmudkmyxHqD\(¨¦©�b«|y£_]_¤ mu\wsumXs 
fzMeox��$�k�f¡
£-jXdkmudkmyxHqD\(jX\whk�IdfzIm[iDdfh$jl��mu\wsumXngpI{5c:df}�qreo\~mu\w� �H\~qMmu\w}&iD\~jO�$�k�f¡
£-jXdkmudkmyxHqD\(mujlno{k{k\~j�iDdfh$jl��mu\wsumXngpI{5c:df}�qreo\~mu\w� �¦c:mudkiD\~jO�$�k�f¡
£-jXd<�MzMc:mXnodfp�jX\whk�IdfzIm�iDdfh$jl��jX\w�I\wsXno{fp�c:df}�qreo\~mu\w� �¦c:mudkiD\~jO�$�k�f¡
�[\whk�IdfzIm[iDdfh$jl��©�² � ®�d3�k\w}&iD\~j��$�k�f¡
£-jXd<�MzMc:mXnodfp�mujlno{k{k\~j[iDdfh$jl��jX\w�I\wsXno{fp�c:df}�qreo\~mu\w� ®�d3�k\w}&iD\~j��$�k�f¡
£-jXd<�MzMc:mXnodfp�jX\whk�IdfzIm�iDdfh$jl��eghwxkdfzIm�hkpM����h$iMjlngc~h$mXnodfp�c:df}�qreo\~mu\w� ²O\wc:\w}&iD\~j¦�$�k�f¡
Y>jlno{k{k\~j[iDdfh$jl��©�² � ²O\wc:\w}&iD\~j¦�$�k�f¡
£-jXd<�MzMc:mXnodfp�mujlno{k{k\~j[iDdfh$jl��eghwxkdfzIm�hkpM����h$iMjlngc~h$mXnodfp�c:df}�qreo\~mu\w� 
fhkpHzMh$jXx��$�k�$�
£-jXd<�MzMc:mXnodfp�jX\whk�IdfzIm�iDdfh$jl��mu\wsumXngpI{Ac:df}�qreo\~mu\w� ¯�h$jlclZ��$�k�$�
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