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1 IntrodutionThe main aim of this note is to propose a format of the Outer Traker data,from the LEVEL 1 Eletronis (TELL1 Board [1℄) to the HLT Farm [2℄.Heneforth, we will refer to this data format as \OTDAQ format".It is important to observe that the OTDAQ format di�ers from the formatof the input data entering the TELL1 BOARD (see Ref. [3℄), in that it is azero-suppressed data format.The OTDAQ format must at the same time ful�l the LEVEL1 Eletronisspei�ations [4℄, as well as the needs of the LHCb software [5, 6, 7, 8℄. It isimplemented in a new software pakage, alled \OTDAQ"; it is inluded inthe LHCb software designed for the prodution of LHCb data in a format aslose as possible to the �nal HLT Data.2 Outer Traker DAQ Data FormatAt the moment, it is foreseen that the OT FE data will be distributed to 24(48)1 TELL1 BOARD, eah one reeiving the data of 18 (9) GOL links [9℄. Ineah FE box, the data from the four parallel 8-bit busses of four OTIS TDCs[3℄ are serialized by one GOL. Eah OTIS reads out 32 straws. Therefore,eah GOL link serially transmits the omplete data of a FE box, i.e. the datafrom two straw mono-layers. The address sheme used to uniquely identifydata from a given FE box (GOL link) is desribed in detail in Ref. [10℄ andwill be followed throughout this note.From the software point of view, the data oming from a TELL1 arestored in an objet alled \Bank"; there will be in total 24 (48) banks for theOT. In Table 1, the general struture of the Bank Data Format is shown.

1Eventually, the number of TELL1 boards in the OT, 24 or 48, will �nally be determinedby the maximum allowed output bandwidth toward the LEVEL 1 Farm, should OT databe provided to the LEVEL 1. 4



Objet ContentStandardHeader Bank Size [31..0℄Magi Pattern [31..0℄Soure ID: Bank ID [31..16℄ Bank Type: OT [15..0℄
OT DATA

TELL1HEADER L1-ID[31..0℄R[31..24℄, L0-ID[23..0℄ErrorProgation from TELL1 [31..24℄Trigger-Type[23..20℄Bunh ID [19..8℄Number of GOLs in the Bank [7..0℄
TELL1DATA GOL 0 GOL Header GOL 0 HeaderGOL 0 Data Hit Data 0, Hit Data 1Hit Data 2, Hit Data 3,...GOL 1 GOL Header GOL 1 HeaderGOL 1 Data Hit Data 0, Hit Data 1Hit Data 2, Hit Data 3,.........Table 1: BANK DATA FORMAT - GENERAL STRUCTURE
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The bank begins with a Standard Header [6, 7, 8℄, onsisting of three32-bits words: the �rst word is the Bank Size (total number of words in eahbank); the seond word is the Magi Pattern (to hek the data integrity);the third word ontains the Bank Type (identifying this bank as from theOT) and the Soure ID, whih we propose to be a serial bank number from0 to 23 (47).After the standard header, the detetor-spei� data follows. The OTdata begins with a header (TELL1 header) onsisting of three 32 bit words.The format of this header is based on that of the HLT Fragment in theTELL1 board [1℄ and onforms to the L1 requirements [4℄. It ontains theL1-ID (31..0), the L0-ID (23..0), the Error-Propagation from the TELL1board (31..24), the L1 Trigger Type (23..20), the Bunh ID (19..8), and thenumber of GOL hips ontributing to the bank (7..0).After the header, the atual OT data follows. We propose to organizethis data as a sequene of GOL data bloks: eah GOL DATA blok shallonsist of a GOL header and the sequene of all hit data. The struture ofthe GOL header is shown in Table 2: it ontains the total number of hits ina given GOL data blok, the GOL ID and 3 bits of info for eah OTIS. The10-bits GOL ID uniquely identi�es the position of the GOL in the detetoraording to the address sheme desribed in Ref. [10℄.Bit No Content31 Optial Data Trasmission OK29-30 Station27-28 Layer GOL ID25-26 Quarter21-24 Module18-20 ... OTIS 3 Header15-17 ... OTIS 2 Header14 Bu�er Overow13 Self-Test Failed or DLL lost or SEU OTIS 1 Header12 Trunation11 Bu�er Overow10 Self-Test Failed or DLL lost or SEU OTIS 0 Header9 Trunation0-8 Number of Hits (16 bit eah)Table 2: GOL HEADER6



The Hit-Data struture is shown in Table 3. Two hits per 32-bits wordare enoded. Eah 16-bits hit word arries a 7-bits straw ID, identifying theOTIS (2 bits) and the hannel (5 bits), and an 8-bit drift time, enoded asdesribed in Ref. [3℄. As proposed here, eah GOL data bank will ontaina minimum of one 32-bits words (1 GOL header). Therefore, an \empty"Bank (no hit) will ontain 12 bytes of Standard Header, 12 bytes of TELL1Header, and 18(9)� 4 = 72(36) bytes of GOL headers, i.e. a total of 96 (60)bytes.The hit data are padded to 32-bits words; the total number of hits in eahGOL data blok is ounted in the GOL header by the \number-of-hits" �eld.The maximum number of hits Nhits in a given GOL data blok is determinedby the onstraint that the maximum Bank size be 4096 bytes. We get 12bytes (Standard Header) +12 bytes (TELL1 Header) +18(9)�4 (Gol Header)+18(9)�Nhits� 2 (Hit Data) = 4096 bytes. This gives a maximum numberof hits per GOL Nhits = 111(224). Sine eah GOL reeives the hit dataof 128 straws, this orresponds to an oupany (in the absene of multiplehits) of about 88% (> 100%). Eventual data trunation will be signalled bythe trunation bit.Bit No Content struture Content31 First Address (8 bit) OTIS ID Chek OK29-30 OTIS ID24-28 Channel16-23 First Data Time (8 bit) Enoded drift time15 Next Address (8 bit) OTIS ID Chek OK13-14 OTIS ID8-13 Channel0-7 Next Data Time (8 bit) Enoded drift time...Table 3: HIT DATA
3 Hit-Only DataThe data format desribed in Set. 2, based on the full 8-bits drift time,arries the most omplete information one an obtain from the detetor.In some ases (trigger appliations, dediated studies et.) the minimum7



information, i.e. whih detetor hannels have registered a hit in the validtime window, an already be suÆient. It is therefore of interest to assigna format to this hit data. This an be done either in zero-suppress mode orusing a hit mask (\hit pattern").The zero-suppressed format is analogous to the one desribed in Set. 2but, in ontrast to what shown in Tab. 3, only the hannel address is neededto identify hannels with a hit in the valid time window. This is shown inTab. 4. The hit data are padded to 32-bits words. The size (in bytes) of abank of hit-only data is12 (Standard Header) + 12 (TELL1 Header) + 18(9)� 4 (Gol Header) +18(9) � �int�Nhits + 4� 14 �� 4�� 1 (Hit Data) =96(60) (Headers) + �int�Nhits + 34 �� 4�� 18(9) (Data):E.g. an oupany of about 12% gives rise to a bank size of 96(60) (Headers)+288(144) (Data) bytes.Address Bit Content struture Content31 129-30 Next Address or Pad (8 bits) OTIS ID24-28 Channel23 121-22 Next Address or Pad (8 bits) OTIS ID16-20 Channel15 113-14 Next Address or Pad (8 bits) OTIS ID8-12 Channel7 15-6 First Address (8 bits) OTIS ID0-4 Channel...Table 4: HIT-ONLY GOL DATAA data format alternative to the one in Tab. 4 is a non-zero suppressedhit pattern, ontaining bit \1" for eah valid hit and bit \0" for eah invalid8



hit. In this format, eah GOL ontributes a �xed-format four 32-bits words(one per OTIS) to the data bank; no hannel address is neessary, sine eah32-bits word ontains the hit pattern of the 32 OTIS hannels, as shown inTab. 5. The size (in bytes) of a bank of hit-pattern data is12 (Standard Header) + 12 (TELL1 Header) + 18(9)� 4 (Gol Header) +18(9)� 4� 4 = 96(60) (Headers) + 288(144) (Data):From the omparison with the zero suppressed format of Tab. 4, it an bededued that the bank size of the hit-pattern data is smaller than the zero-suppressed one for oupanies above 12%.Address Bit Content struture Content0-31 OTIS 3 HIT PATTERN 1 � valid ; 0 � invalid0-31 OTIS 2 HIT PATTERN 1 � valid ; 0 � invalid0-31 OTIS 1 HIT PATTERN 1 � valid ; 0 � invalid0-31 OTIS 0 HIT PATTERN 1 � valid ; 0 � invalidTable 5: HIT-PATTERN GOL DATA
4 Speial EventsThe insertion of speial events in the Outer Traker data stream may berequired; e.g.� Test-pulse events: these an be triggered at regular intervals duringdata taking. Their net e�ets shall be to ause response of all thehannels in the detetor (100% oupany with no trunation).� Begin-Of-Run: at the beginning of eah run (and perhaps also at reg-ular intervals or on request of the ECS) a speial event should be trig-gered where all settings of the FE Eletronis, the OTIS headers et.are read-bak;� Error onditions deteted by the TELL1 board(s) (e.g. event fragmentmismath) might require the usage of speial purpose events with de-bugging information.� et. 9



These types of events and others to be desribed at a later stage, by their ownnature, will not omply to the formats desribed in the previous setions.5 Summary-OutlookThe struture of the Data Format presented in this note is to be onsidereda proposal of the Outer Traker Group. It has undergone a �rst round ofdisussion with the online and o�ine software group, and supersedes theLHCb note lhb-2004-033.Referenes[1℄ Guido Haefeli, Aurelio Bay, Federia Legger, Laurent Loatelli, JorgenChristiansen, Dirk Wiedner. 'Spei�ation for a ommon read out boardfor LHCb', Version 3.0, LHCb 2003-007.[2℄ B.Jost, N.Neufeld 'Raw-data transport format', LHCb Tehnial Note2003-063.[3℄ Harald Deppe, Uwe Stange , Ulrih Trunk, Ulrih Uwer Physikalis-hes Institut University at Heidelberg 'The OTIS Referene Manual',Version 1.1 , 02.02.2004.[4℄ Jorgen Christiansen, 'Requirements to the L1 front-end eletronis 'LHCb Tehnial Note LHCb 2003-078.[5℄ J. van Tilburg, 'Outer Traker Software', LHCb note 2003-062.[6℄ Olivier Callot, Beat Jost, Pere Mato, 'Online (Raw) Data Format',LHCb Tehnial Note 2001-097.[7℄ J. H. Lopes, 'Software Implementation of the Raw Data Bu�ers for theL1 and High Level Triggers of LHCb', LHCb note 2003-152.[8℄ J. H. Lopes, 'DAQEvent: L1 and HLT bu�ers simulation and dataaess', 15th LHCb Software Week Nov. 2003.[9℄ P. Moreira, T. Toi, A. Kluge, G. Cervelli, A. Marhioro, and J.Christiansen 'GOL Referene Manual, Gigabit Optial Link Transmit-ter manual', CERN - EP/MIC, Geneva Switzerland May 2002 Version1.4. 10



[10℄ A.Pellegrino, U.Uwer, D.Wiedner, 'Address Sheme for the OuterTraker FE Eletronis', LHCb note 2003-041.
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