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This note, an update to DAQ Note 62, is intended to summarise the present state of knowledge of
the modularity, 

 

η−φ

 

 

 

ranges, channel count and segmentation of each detector into the RODs and
hence ROBs. The data format,where known, arising from each detector is also summarised, as
well as information on occupancy and data volume per ROB at high and low luminosity.
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2.1.1 Barrel
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2.1.2 Endcap Wheels
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(5 bits)
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(8 bits)

If 2 leading edges: ��¢�¢¡£��¡¨�¨�¨�£��¡¨�¨�¨�£��¡¦�£��¡§�£
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If no threshold bits set: �¡ � �£

 

(2 bits)

If any threshold bits set: �¡ ;¢¡£��¡ �£��¡¤�¥�¦�£

 

(4 bits)

where: 
<tttt> or <ttt> are a 4-bit or 3-bit encoding of the hit time respectively, 
<H> is a one bit OR of all of the high threshold bits
<L> is a one bit OR of all of the low threshold bits
<L&H> is a one bit encoding of all the low and high threshold bits
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<T> is one bit to indicate that a trailing edge ocurred in the third BX.
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Figure 1: TRT Barrel Readout Segmentation
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Figure 2: TRT Endcal Readout Segmentation
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3.2.1 Barrel
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3.2.2 The endcap wheels
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3.3.2 Endcap Wheels

Since there is no natural mechanical grouping of endcap wheel modules the following
assumptions are made (having discussed the matter informally with members of the endcap
group):

 

Sets of up to 6 modules within a ring will be grouped together to share one 12-way data 
ribbon and one 6-way control ribbon exactly as for the barrel. This will form the mini-
mum unit of readout (i.e. for the present we do not assume the two adjacent half-ladder 
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1.  If technical complexities concerned with the clock and control optical links, or bandwidth limitations
of the readout link to the ROB, cannot be overcome then the number might be reduced to 36.
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�����]m'L������?�������G!) �(H����#	�>����()��%>��&>�����A#�.�$�������({5
68�k/DC| �#�#�$�%���&�#	<�������()�@�	(p�8 �&]� - ��()��;��:/�}\�����
����()��%��s%���(��� �L�$�.��:n)~D����%���(�^*_a`8uv5v6@�� �$��
����.�! �!k���������8=8��.�.�#� ����*���g�	LwPQ��#	��&���%�����()�R�l=8�����:�����*()���������g����&�;�.��8��������n2�����	()�8�	()�8()�	()��.�<,�� �()�*������&
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for each module: �K�*�l�[�s�[�K�[�[�[�[�[�[�[�[�[�[�[�s� (16 bits)�����	&>����������(H��&>&� �&�12#� �&�L��	&����	L>�� �L��J�

for each hit strip: �s�l�s�[�K�[�[�s�[�K�[�[�[�s�[�[�[�[�[�[�[�[�[� (16 bits) �(H��!H��&>#� �&�L���&�����L>�: �L��J�

for each single hit strip: �s�[�l�[�s�[�K�s�[�K�[�[�[�s�[�[�[�[�[�[�[�[�[� (16 bits)

for each adjacent pair: �s�[�l�[�s�[�s�K�[�K�[�[�[�s�[�[�[�[�[�[�[�[�[� (16 bits)

where:

<mmmmmmmmmmmm> is the module number
<aaaa> is the 4-bit chip number within a module
<ccccccc> is the 7-bit channel number
<ddd> are the 3 data bits for BX-1, BX, BX+1
<e> is an error bit

1.  There are actually 12 ABC readout chips per module, each responsible for 128 channels. This is not
really important to this document.
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 arranged to

give a module of sensitive area 16.4mm x 60.4mm, containing 320 (φ direction) x 192 (z or
r direction for barrel or endcap respectively) pixels (61440 in total). The pixel dimension is
50µm(φ) x 300µm(z or r). The module contains one module-control-chip which collects
data from the 16 pixel chips, and serves as the point of contact for readout. Therefore a pixel
within a module is identified locally by Chip/Row/Column. 
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1.  Each chip has 160 (φ) x 24 (r or z) pixels. These are arranged in a 2 x 8 grid to give a module having
320 (φ) x 192 (r or z) pixels.
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1.  This depends on whether time-over-threshold information is sent. If it is sent then each hit pattern takes
25 bits and only about half the modules can be concentrated into a single ROD due to data volume
limitations. If this information is not sent then each hit pattern can be put into 16 bits leading to roughly
half the data volume. We assume the latter here.
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where:

<mmmmmmmm> is a unique 13-bit module number (byte aligned to 16 bits)
<fff> is the reduced 3-bit FE chip number within a module
<rrrrrrrr> is the 8-bit row number
<ccccc> is the 5-bit column number
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1.  The calculation assumes the endcap and outer barrel modules contributing to a ROD have 6 hits/event (@ 10-4

occupancy) and the inner barrel modules have 30 hits/event (@ 5.10-4 occupancy).
2.  The calculation assumes 2x16 half-module identifier bits + n x 16 data bits per module/event, where n = the number
of hits per module. To this is added 10 32-bit words for the fragment header.
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5.3.1 The Readout Driver (ROD)
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Figure 5: Presampler Mapping.
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Figure 6: EM Front Layer Mapping.
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Figure 7: EM Middle Layer Mapping
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Figure 8: EM Back Layer Mapping
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5.4.2 Larg HEC
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5.4.3 Tower Mapping Option

�"�����N����-�����0
�����������
��#<�������O�$0F���F�D�<��#<�O���O��*�0�MF���$P��D�����D��0�P��$���������D���Q��*�����0������
0���#<��-$����M
�����D�<*����
��#<��������#Q�����(�$#Q�$�I�����G3,465R����P�������*��������D0����O�$0�P��������$���G���Q�G-����1������ST-���������-$�������T�����������$�
UV'"W
���F3,4X5YC

3
��-$�����
����*�0������������Z \[� �;]����^�*�������������9_����M��$#<@���#<���$���1�$���
���������+-��$����#<���������$#���������#<�������`�1��M
0���-$#<�������(�����(��������#<�����/���a�������/������*���������Ccbd�1���$�����
	>=1���/���X������*��1��01�����$�/����-��13,4X5R��#<�$�����
*��T���Te
�f#<�������$#��I������#<�G9_�����.g_�����K-���P��$#<�����A���Jh�Ci;!SFh�Ci;>@J-������������������A�������F�A3,4X5j���6;��>=F-$�������������$C

k�k�l_m�n�opl_q�qFnrk�s t u�v
wjx�ozy�{/|6}�~����V�/���
�V��� �/�������.�c� �/� �a�������d���/� �a�����c������� �a�6�����V�������.����� �V�V���"�N� �a�6�

�� �¡£¢¤��  ¥ ¦¤ ��V§£¦¤ �� ��¨ª© � ��¨ª© ¦¤ ��V§£¥¤  « ¥�« ¨
��  ¥A¢¤¨� �¡ ¦¤ ��V§£¦¤ �� �O��¡�¨ � �O��¡�¨ ¦¤  ¬£§A��  ¥ �ª«�« ©
¨� �¡£¢¤­� �� ¦¤ �¨V§£¦¤ �¨ �ª¬¤¨ � �ª¬¤¨ ¦¤ �®V§£¥¤  « ��¨ª© ¨
­� ��£¢¤­� �¨ ¦¤ ��V§£¦¤ �¨ ¥�« � ¥�« ¯�°�±6²�³�´�µ�¶£·a³�¸�¹£º�²�°�»�µ

�p¼�������½V��¾�¾¿��� À�ÁªÂ�Ã À�ÁªÂ�Ã À�Ä
ÅN�V�2½V��Æ�Ç�ÈV��É���¾

�V��� �/�������.�c� �/� �a�������d���/� �a�����c������� �a�6�����V�������.����� �V�V���"�N� �a�6�
�� �¡£¢¤��  ¥ ¦¤ ��V§£¦¤ �� ��¨ª© � ��¨ª© ¦¤ ��V§£¥¤  « ¥�« ¨
��  ¥A¢¤¨� �¡ ¦¤ ��V§£¦¤ �� �O��¡�¨ � �O��¡�¨ ¦¤  ¬£§A��  ¥ �ª«�« ©

�p¼�������½V��¾�¾¿��� À�ÄªÊ�Ë À�ÄªÊ�Ë ÀªË

�¤¼������ Ì�Â¤Á�Ä Ì�Â¤Á�Ä Â�Ì
�p��Í����6À�Á�Î��a�6�2ÏD��ÐcÐ����cÑ£¼�ÒÓ���c�JÈV��¾�Ñ£Å6�/�rÆ�����¼�¾���ÏA�Ô����¾

Õ ºÔÖ�Ö�µÔ× ¡���¨
Ø ¸�ºÔ´�¶�º�Ö�¶£Ù.´�¶AÚÓº�Û ¨�¡ª¥
Ø Û�µÔ¯�³�º�×�Ù.´�¶AÚÓº�Û ®ª¦
Ü °�¸�º�×�Ý£ÞIßaà�Ý�Þ Õ ©¤­ª©
�p��Í����NÀªÃ¤Î�ÈV��¾�Ñ��J�VáR�a�6��âª�¤¼�ãa��¾�á���Ð�Ðc����Ñ¤ä



- 31 -

Figure 9: ROD Mapping of the Larg HEC Calorimeter.
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Figure 10: TileCal ROD Mapping.
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6.2.2 Endcap 
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D �����0������
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��E���F���0����������!HGI, D ����/2�����B��
�����J.KL,-�B���B������/2
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�������5����NM�O�*QP�
������R����!%�
������5����S���T���U������/-
V�����SJ.KL,-W�J.KYXZ!9�0:�:���
��V��
��V�����S��������
�����!%��
��$���LJ.KYXZ�����������[* D ���0=N/2��
�
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�������
]\#J.KYX^�_�����.
��0�`��� ������!%	������_��
��]\aJ.KLX^�_�����.��!9��
�
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�
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��c���T��
��B�0
�������:;* D ���B�0
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�
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��0=�*�kl��5�!%!9����=
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φ
�m������5�:��A���n�0����!9	��0���F���F���0:�������������
�����	�
��d�po;*

D ���%:�������5����_���^�����%��
��������%�������%��
���/q�?����!r�%��������

η−φ 

�?�0������
#���4�����%���0�����������4/-��
�
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6.2.3 Summary

D ���2�����0����5��h�0���������0
9���^���������1��:�������
9������	������9	��0������
1��
��9�0
�������:��^���������^�����-
�5�!%	����s����J.KYX^�
����:����������I��
I����	�
��'�po;* D ���������������#�����#	���������
4J.KL,2�%������!t:����vuw�����������#����/2�����["n	�5��4�����a�0
�������:
J.KL,-�A����
����@*

x_y$zd{�|C}�~[�����
� |v���)|C�[��}����������������} � ���[����|E�$�Yy^� ∆φ

large/small
|η|

�
�v� }��[��|v� ���}�{v��|v�
� �)}����

#RODs� �8���������C� η�

Barrel Group 1 � �[ ¢¡Q£��[¤�¡Q£���¥¦¡^§C¨+©`ª� �[ ¢«�£��[¤�«�£���¥¦«F§C¨+©`ª
¬�­¯®�°¬�­¯°�± ¬�­¯¬�²�¬�­¯³�±¬�­¯¬�²�¬�­¯³�¬ °�´�´�°°�¬�´�± µ�¶�·�¸

¹nº�»?»½¼¿¾3Àc»vÁ�Â�Ã ° � �[ ¢¡Q£��[¤�¡Q£���¥¦¡$Ä�¨+Å`ª� �[ ¢«�£��[¤�«�£���¥¦«;Ä�¨+Å`ª
Æ ¬�­¯³�±�²�¬�­¯Ç�±¬�­¯³�¬�²�¬�­�È�® ´�ÇQÈ�°´�É�±�Ç µ�¶�·�¸

¹nº�»?»½¼¿¾3Àc»vÁ�Â�ÃdÊ � �[ ¢¡Q£��[¤�¡Q£���¥¦¡$Ë�¨+Ì`ª� �[ ¢«�£��[¤�«�£���¥¦«;Ë�¨+Ì`ª
Æ ¬�­¯Ç�±�²�´�­¯¬QÈ¬�­�È�®�²�´�­¯¬ Ê ´�ÇQÈ�°´QÈ�È�± µ�¶�·�¸

Í3ÎQÏ�Ðvº�ÃdÀc»vÁ�Â�Ã ³ Ñ  ¢¡Q�¢§C¨+©�¨+Ä�¨+Å`ª�£ Ñ[Ñ ¡Q�¢§C¨+©`ªÑ  ¢«��¢§C¨+©`ª�£ Ñ[Ñ «��¢§C¨+©`ª�£��[ ¢«��¢ÒC£pÓ`ª
Æ ´�­¯¬QÈ�²�°�­¯¬ Ê´�­¯¬ Ê ²�´�­¯É Ê ´�± Ê °´�® Ê ± µ�¶�·�¸

Í3ÎQÏ�Ðvº�ÃdÀc»vÁ�Â�Ã ® Ñ ¤�¡Q�¢§C¨+©�¨+Ä�¨+Å�¨+Ë`ªÑ ¤�«��¢§C¨+©�¨+Ä�¨+Å�¨+Ë`ª
Æ ´�­¯¬QÈ�²�°�­�È�¬´�­¯¬ Ê ²�°�­�È�´ ´�ÇQÈ�°´�É�°�¬ µ�¶�·�¸

Í3ÎQÏ�Ðvº�ÃdÀc»vÁ�Â�Ã ± Ñ ¥¦¡Q�¢§C¨+©�¨+Ä�¨+Å�¨+Ë�¨+Ì`ªÑ ¥¦«��¢§C¨+©�¨+Ä�¨+Å�¨+Ë�¨+Ì`ª
Æ ´�­ Ê ±�²�°�­�È�¬´�­ Ê ±�²�°�­�È�´ ´�Ç�°�³´�ÇQÈ�° µ�¶�·�¸

z¦����}�� Ô ¶1·)µ�Õ
Ö ×�ØQÙ

z¦}�Ú���| Ù�ÛQÜ �$|v}�~������ � |v���)|C�[��}��������Y��Ý�x_y$z2���[Ú�| � ���[���$�s�Ay � �?�s|v�)|C�)Ú�|v{½Þ�� � |1|v��~ � }�ßY�s�Ay � ~��s�[����Ý���{v�àß�{���á�| � ����â�|����ã$|C{ � Þ�Ú[���Q��â�|C{v��}�ß4} � ��}�ä�|C{ � �
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+-,-.0/-1-2-3-154 6-7985:�;-<
.-2-;-2015=�1->-1-?-;-< @BA5:�;-C0<-;-2-;-D-<-E <-1-108-15=�F-A G�F54985:�;-<
+-,-.0;54�25:-=�154 6-7985:�;-<

�"�������H���JI���K���	'�H��#'���L����	'%&�(!'#�#�M������ON��J��!�P��JK���%Q
���#'#����"%J)

R 4�F-D-S0/-1-2-3-154 6-7985:�;-<
T-.-U03-2-;-2 <-1-108-15=�F-A G�F54985:�;-<

V-V-V-V V-V-V-V
T-.-U03-2-;-2 V-V-V-V
R 4�F-D-S0T54�25:-=�154 6-7985:�;-<

����K��J��I������XWYK���	'�H�"!�#�#�M��

T-.-U0/-1-2-3-154 6-7985:�;-<
.-2-;-2 6-7985:�;-<

V-V-V V-V-V-V
.-2-;-2 V-V-V-V
T-.-U0T54�25:-=�154 6-7985:�;-<
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-/.�021436587:98;=<?>81@98;:A ROB Data 
rateBDC=E:F <�GIHJ3LK836M:<�N

ROB Data 
rateB�OPE=F <�GIHJGI3LQLN

Barrel Group 1 R S:TVUXWYS:Z[UXW�S�\]U_^6`badcR S:TVe�W�S:Z[e�W�S�\]e[^6`badc
f8gDhf8gDi j gDi8hj gDi8klPm4nIn@odp
qrn@s8t�u i R S:TVUXWYS:Z[UXW�S�\]Uwv�`bxdcR S:TVe�W�S:Z[e�W�S�\]e�v�`bxdc
y8gDhk8g�z j gD{8ij gDf8{lPm4nIn@odp
qrn@s8t�u f R S:TVUXWYS:Z[UXW�S�\]Uw|�`b}dcR S:TVe�W�S:Z[e�W�S�\]e�|�`b}dc
f8gDhi8g�z j gDi8hj gDi j~��X�8�6m�u2q�n@s8t�u k � TVUXRV^6`ba�`bv�`bxdc�W �:� UXRV^6`badc� TVe�R�^6`�a�`bv�`bxdc�W �:� e�RV^6`badc�W�S:TVe�RV��c
�8gD��8gD� j gDy8yj gDy8y~��X�8�6m�u2q�n@s8t�u { � Z[UXRV^6`ba�`bv�`bx�`b|dc� Z[e�RV^6`ba�`bv�`bx�`b|dc
�8gDk�8gDk j gDy8fj gDy8f~��X�8�6m�u2q�n@s8t�u y � \]UXRV^6`ba�`bv�`bx�`b|�`b}dc� \]e�RV^6`ba�`bv�`bx�`b|�`b}dc
k8gDfk8gD� j gDf8ij gDf8����:���:�

0]5 E=� 3��8�8�8�=;=�!�!5816�[98�X-�.�0�7=58<�5[1658<�3LG F M=<�9[������G��458G�GI;=� F M=>[5!�8� C:�� P¡X¢�¡[£ <�1 F >8>8361�1658<�3Y¤
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chambers
chambers

chambers

chambers

Cathode strip
Resistive plate

Thin gap
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7.4.1 Barrel 
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7.4.2 Endcap
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Table 33: The format of a TGC hit sent to the ROB

Data word

Event Frame
031 16 15

SL Number ROD Number

Marker
Format Type

Reserved
Event ID

BC ID
Event Type

Detector Type

Trailer
# Data Words

# Status Words

Data word Data word

Data word

PAD NumberData word

Status words
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• Muon candidate multiplicities for the whole muon trigger chamber system are 
formed at six different pt-thresholds. These multiplicities are sent to the Central 
Trigger Processor (CTP) which forms the LVL1 trigger decision.

• For every event accepted by LVL1 (LVL1A), muon candidates are sent to the ROI-
Builder of the LVL2 system. 

• For every LVL1A, muon candidates and the formed muon multiplicities are sent via 
a ROD into a ROB.

M !���"� ��#7���!N!����G������=�"#�����N��$O"����P�GQ��R"#���S�� �� 1 �P$�������!0���
[18]
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 ������G��!����

[19]
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Figure 25: Block diagram of the MUCTPI
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Figure 26: Segmentation of the muon trigger system
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1.  Programmable thresholds in the ROIB interface can prevent muon candidates from being sent to the
LVL2 trigger.
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Figure 27: Preliminary Data format sent from the MUCTPI-ROD to the ROB.

1 011 1 011 1 011 1 011 1 011 1 011 1 011 1 011 0xeeeeeeee  Header marker

Format version numberFormat version number

1 10 1 00 0 0 1 11 1 00 0 0 00 0 0 00 0 0 00 0 0 00 0 0
031 71523

0
0
0

1

1 0 0 0 00 0 0000000000000000000000000

031 71523

0 000000000000000000000000000000 1 0 # status elements
0000000000000000000000000000 # cands0 # data elements

0 00000000 00000000 00000000 0000000 1 # status block position
1 00 0 0 1 11 1 00 0 0 00 0 0 00 0 0 00 0 0 00 0 01 11 0 0xe0f00000 SLINK Fragment end marker

0 000000000000000000000000 Lvl1 Trigger Type trigger type
BCID0 00000000 00000000 0 0 0 0 12 bit BCID

0 00000000 24 bit Lvl1 ID LVL1 ID

0
0

0 0 01110 0 1 I/O Module type I/O Module IDROC ID

0 event type (to be defined)

0 sector address1st data word Pt ROI and overlap Ro SoBCIDA

sum1sum2sum3sum4sum5sum6 candidate mutliplicitiesBCID0

1st
Ro

: 1/0 most/second most energetic candidate in sector
: more than 1 candidate in ROI

So

: SLINK control word flag

: more than 2 candidates in sector

CRLT
Pt : binary encoded Pt threshold (1 to 6)

A : Candidate accepted and sent to ROIB
BCID : 3 bit BCID from Sector Logic
sumn : total candidate multiplicity for threshold n

0xb0f00000 SLINK Fragment start marker
CRTL

0x00000020 Header size in bytes

Error status (0 ==> ok)
Status Information

0x74010101 MUCTPI ’Detector’ 

Detector Event Type

one word for every BCID in readout window

one word for every candidate in readout window

First Status word (to be defined)
Second Status word (to be defined)
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