Section 1.2.1 edits

1.1.1 Real-time data path

Data from the Pre-processor are received on serial links at a rate
 of 400Mb/s (Figure 1). On the JEM the data are deserialised to 10-bit words (9-bit energies with odd parity bit) at the LHC bunch clock rate of 40.08 MHz
. These data are presented to a first processor stage consisting of a bank of input processor FPGAs, located on daughter modules R, S, T, and U. The data are first phase corrected and checked for errors (Figure 2). The electromagnetic (em) and hadronic (had) values for each trigger tower are then summed into 10-bit jet elements. The jet element values are multiplexed to twice the bunch clock rate and sent to the jet processor FPGAs. Because the jet algorithm uses data from a 4(4-bin neighbourhood around each processed jet element (see sect.Error! Reference source not found.), neighbouring JEMs share data via fan in/out (FIO) links on the backplane. To accomplish this, the input processors send copies of shared jet elements to the neighbouring modules. Three out of four jet elements are duplicated in this manner. 


[image: image1.wmf]
Figure 1: Block diagram of JEM, including daughter modules R,S,T,U, RM, CM, TTCDec


[image: image2.wmf]
Figure 2 : JEM input processor : jet element formation, one out of 44 jet elements shown

The jet algorithm uses jet elements received from the local input processors as well as overlap data from neighbouring JEMs. To process a core of 8(4 potential jet positions, an environment of 11(7 jet elements is required. Within this environment the jet processor FPGA identifies and counts clusters of 2(2, 3(3, and/or 4(4 jet elements around a 2(2 local maximum that exceeds one of  8 programmable thresholds, and reports the  to the jet  CMM in the form of eight 3-bit multiplicities
, plus 1 bit of odd parity. 

Section 2.5 edits:

1.2 Jet processing

Each JEM processes a core region of 8 (-bins by ( (-bins of the jet trigger space, within an environment of 11(7 jet elements required by the jet algorithm. Since jet elements are transmitted as 5-bit data at twice the bunch clock rate, the jet processor FPGA requires a total of 385 input data lines. The real-time output of the jet processor FPGA is 24 bits of result data, plus one odd parity bit. For JEMs processing only central calorimeter data, this represents 3-bit jet multiplicities for 8 thresholds. For JEMS also processing FCAL data, this represents 12 2-bit multiplicities, 8 for the central calorimeters and 4 for the FCAL. The output data are transmitted via point-to-point backplane links to the Jet CMM.

The requirements for jet element and results handling are:

· Provide a synchronous local clock at twice the bunch clock rate

· Receive 44 5-bit jet elements from local input processors at twice the bunch clock rate, with the 5 least significant bits arriving first

· Receive 22 jet elements from the neighbouring JEM on the right, and 11 jet elements from the JEM on the left

· Latch the jet elements in input flip-flops at twice the bunch clock rate with a programmable phase (Clock40Des2)

· Demultiplex jet elements and retime at the bunch clock rate

· Subject the jet elements to a programmable threshold

· Identify FCAL elements by the module geographic address and channel number, and map them to the central jet element granularity by dividing the energies by 2, and populating two adjacent cells with 0.2(0.2 granularity (see Section Error! Reference source not found.)

· Supply the jet algorithm with 77 10-bit wide jet elements.

· Produce 24 bits of jet count data at the bunch clock rate

· Encode the data in a 25-bit data word protected with one odd parity bit

· Latch the output data on output flip-flops before sending them via the backplane to the jet CMM.

Attila should provide corrections to the jet algorithm. Also Section 3.3 

Section 3.3 edits

The jet algorithm is performed in the jet processor FPGA, which receives up to 77 jet elements. A series of interconnected adder trees produces 60 sums of 2x2 jet elements, which are compared with next neighbours to identify local maxima. In parallel with the local maximum identification, 3x3 and 4x4 sums of jet elements are also produced.  For each 2x2 subregion of the JEM’s 4x8 central jet elements, an appropriate ROI position is determined, and 2x2, 3x3, and 4x4 cluster sums associated with that position are compared with threshold energies. Eight sets of jet cluster size and energy threshold criteria can be programmed via VME for the central jets, as well as four additional sets for FCAL jets. If desired, the capability to have two different sets of threshold definitions in a JEM for different -slices may be added in the future. In the case of 2x2 or 4x4 clusters tested against a threshold, only one cluster is associated with any ROI, and therefore only one comparison is necessary. For 3x3 clusters, an ROI position is associated with four clusters. In this case, the jet cluster criterion is met if at least one of these clusters exceed the threshold. 

JEMs covering FCAL regions have two sets of jet cluster criteria. If a jet ROI falls within the central jet coverage, the 8 central jet criteria are tested. If the ROI position is in the FCAL, the 4 FCAL jet criteria are tested instead. No subregion can contain both a central and an FCAL jet simultaneously.

Jet cluster energy sums that overflow (exceed 0x2FF) during summation are flagged internally with a saturation bit. Clusters with saturated jet elements (value 0x2FF) are not automatically flagged as saturated, but their sums are virtually certain to overflow and set a saturation bit when added with neighbouring elements. 2x2 clusters that saturate are automatically identified as local maxima, and saturated clusters automatically pass all jet thresholds. If a 2x2 subregion contains more than one local maximum because of saturation, the ROI position at the lowest eta, and then the lowest phi, is selected.

For central JEMs, eight 3-bit jet multiplicities are produced for transmission to the CMM. If a jet multiplicity exceeds 7 in a single JEM, the reported multiplicity is set at 7. For JEMs with FCAL coverage, eight 2-bit multiplicities for central jets and 4 2-bit multiplicities for FCAL jets are produced. If a jet multiplicity exceeds 3, the reported multiplicity is set at 3.

For each 2x2 subregion, the 2-bit ROI position is sent to the buffer for ROI readout, as well as 8 bits corresponding to the different threshold criteria passsed. The ROIs are reported in four bit streams, two with information from central ROIs and two containing FCAL ROI information. Both streams have identical formats, including 8 threshold bits (even though only 4 are reported for FCAL).

Section 3.5 edits

1.3 FCAL and endcap calorimeter treatment


[image: image3.wmf]
Figure 3 : FCAL map (JEM 0)

The leftmost and rightmost JEMs in each quadrant (JEMs 0,7,8,15) process endcap and FCAL signals  (from PPMs 8 and 9) in their two outermost (-bins. While barrel JEMs are fed with cables that cover 2(2 bins in the ((( trigger space, those two (-bins are fed with cables carrying only a single ( bin. The FCAL signals correspond to a double-width bin in (, so a single 4-channel cable covers a full (-quadrant. 

To process the FCAL and endcap channels together with jet elements in the barrel, these channels must be rearranged. Double-width ( bins are divided equally between two neighbouring jet elements.  To that end the jet processor bit-shifts FCAL signals and copies them to the neighbouring channel in (. FCAL and endcap signals are routed to their proper locations and sent to the standard jet and energy algorithms. FCAL and endcap handling in these modules does not require a special FPGA configuration. Instead, multiplexers re-route the signals to the Jet algorithm. The geographic address of the JEM is used to identify FPGAs that require this alternate signal routing. Figure 3 shows the cabling for JEM0, the FCAL JEM at negative (. The cable numbers
 corresponding to low ( are re-mapped. For +( FCAL JEMs the cable numbers corresponding to high eta are re-mapped (see Error! Reference source not found.).

The use of FCAL signals (cable12) 
 extends the trigger coverage to  |(| < 4.9.  Cables 4 and 24 carry endcap fanout signals used by the jet algorithm. An extension of the jet algorithm up to |(| < 4.9 requires FCAL signal fanout (cable 20). Since the jet   elements are rearranged as described above, there is no special forward trigger code required in the jet processor. Special forward trigger algorithms separate from the barrel code may be feasible in the future, but are limited by FPGA resources and connectivity on the real-time data path. On the merger links the data output is limited to 25 bits, including parity. 
� The payload is 400Mb/s, the gross rate is 480Mb/s


� The LHC bunch clock frequency is 40.08 MHz. Wherever real-time data rates are quoted in this document, they are multiples of the bunch clock frequency. The readout into DAQ and LVL-2 is currently operated at a 40.000 MHz crystal clock. This choice is by convention only, the system, including the downstream modules, is designed (but not verified) to operate over the full range of bit rates of the chosen PHY. 


� The data format might differ on JEMs processing FCAL data.


� Only electromagnetic cable numbers are show. The re-mapping applies to the corresponding hadronic cables as well.


� For cable numbering scheme see � REF _Ref92778679 \h ��Table 5�. The signal mapping within a 4-pair cable is documented in the Pre-Processor specifications.
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