Muon Trigger

Channel summary


32
Channels/Plank


13
Planks/Octant
(416 Channels/Octant)


8
Octants/View
(192 total Octants)


4
Views/Station – ra, u, v, rb


3
Stations/Arm


2
Arms

 

79872 total channels

Data is grouped by octants.  There are 192 octants with 416 channels per octant. Based on 2% occupancy, this gives 8 hits/Octant/event.  (Note that we should verify that this is the channel occupancy and not the "cluster" occupancy.)

A single hit can be represented with 9 bits.  Assuming 8 hits per crossing plus 1 header, using 12-bit words, gives a data rate of 102 megabytes/S or 40% of a 2.5Gbit/S link.    Hits will almost always occur in clusters with 2 or more adjacent channels hit per track, so significant bandwidth efficiency can be gained by clusterizing hits at the source. With clustering, bandwidth will be less than 57 megabytes/S.

View Matching for 1 station.

(u,v) matcher is replicated 4 times.

Processing

For processing, assume that 2% occupancy translates to an average 4 hit clusters per octant per event.  (416 channels * .02/event  /  2 channels/cluster)

There are 4 views per station: ra, u, v, rb.   The associative memory circuit can easily be applied to the radial views (ra,rb) since "station doublets" can be found first to keep the combinatorics down and give a rough track slope to constrain hits at other stations.

The other views (u,v) are more difficult. It appears that the best strategy is to link them to the radial views before finding segments.  To do this requires forming all u-v doublets, and projecting them into the radial view.  An average 4 hits per station produces a doublet rate of (more than) 16 combinations/event (121 Million combinations/sec) which is way bigger than the 50 MHz target rate of the AM circuit.

Fortunately, in this case, the AM only has to do an 8-bit match.  It should be possible to have four AM units running in parallel to provide a throughput of 200 MHz.  This assumes that the circuit that projects “u+v” to the “r” view is also small enough to be implemented 4 times in an FPGA.  Note that this is the bottleneck for the Muon Trigger.  It should be simulated as soon as possible, since the inability to meet performance requirements with existing hardware will have significant impact on the overall cost of the Muon trigger.

Segment finder

Segment finding is done as in the pixel trigger’s systolic associative tracker.  At the first station, the two radial views are used to project a rough track into the middle station.  If a match is found, the track is projected to the third station in both the “r” view and “v” view.  If a match is found in the third station, the resulting segment is sent to the processor farm as a 64-bit packet containing three (r,v) pairs.

Architecture

The muon trigger can be built using components designed for the pixel trigger.  It will use 48 SQ processor cards, packaged in 8 SQ backplanes.  Each arm will have its own processor farm with up to 128 processors each (however the muon trigger algorithm will probably require fewer than 128 processors per arm).

Architecture using 1 SQ board per Station-Octant.

PP= Pixel Processor used for processing muon hits

L1Buf= Level 1 buffer holds hits for triggered readout
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