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The Time Multiplexed Track Trigger (TMTT) is one of the main proposal for the 
architecture of the future L1 Track Trigger system for the Phase II upgrade of 
the Compact Muon Solenoid (CMS) experiment. 
Goal of the Track Trigger is to find track candidates from a series of hits (stubs) 
in the outer tracker detector.  
In the TMTT approach the L1 Track Finding task is achieved by means of FPGA 
circuits. To handle with the high bandwitdh coming out from the tracker 
detector, this has been divided in 8 segments (octants) along the azimuthal 
angle Φ. Data from each octant are analysed by a single L1 Track Finder 
Processor (TFP), where the L1 Track Finding algorithm has been implemented. 
The algorithm has been divided in several blocks, each of them running on a 
separate FPGA for the purporse of the hardware demonstrator. Tracker data are 
first organised and converted in the Geometric Processor (GP), then candidate 
tracks in the RΦ are found using the Hough Transform (HT) technique . 
Downstream HT candidates are filtered and fitted in the Track Fitter processor 
(TF). Finally a duplicate removal (DR) step get rids of the surviving duplicate 
tracks.  
For more information about the TMTT demonstrator see L. Calligaris' poster. 

The Seed Filter identifies and eliminates stubs assigned to tracks by the HT 
that lie tens of centimetres from the track in the RZ plane 
	

The algorithm has been implemented in a Virtex 7 FPGA, mounted on a μTCA MP7 board.  	Stubs from each HT 
output channel are stored in a separate FIFO (Track Locator). 	The Control Unit (CU) reads out stubs, belonging to 
the same track candidate, from the Track Locators and send them to the first available Seed Filter + Linear 
Regression (SF+LR) module. Stubs from the next candidate are sent to the next free module and so on. 	Each CU 
handles 6 Track Locator and 4 SF+LR block.  
The filter algorithm is implemented in the SF block, which processes a HT candidate at the time. If the candidate 
passes the filter, the surviving stubs are sent to the downstream LR module, where eventually a pipelined chain 
computes the fit parameters.

GP HT TF DR

Track	 Finder Processor

L1 correlator/ 
sink

1. Collects pairs of stubs, which 
belong to different PS layers 
(blue) 
2. Computes lines passing 
through those stubs (seeds) 
3. Discards seeds that would 
correspond to tracks out of the 
beam-spot and sector definition 
4. Extrapolates surviving seeds 
to other tracker layers, keeping 
only one stub per layer 
5. Only tracks that still contain 
enough stubs in different layers 
are kept

1. Calculates the helix parameters on the RΦ plane 
2. Remove from the track the stubs with the largest residual, keeping at 
least two stubs in the PS layers 
3. Calculates again the helix parameters, also in the RZ plane, using only 
stubs in the PS layers 
4. Computes the χ2 and rejects tracks with a χ2 larger than a predefined cut

Tracks with sufficient pT should draw a straight line on both RΦ and RZ 
planes. The Linear Regression Fitter fits the helix parameters using 
independent straight line fit in the two planes with Linear Regression 
technique.  
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The standard configuration of the TMTT demonstrator adopts the Kalman filter 
technique to perform the track fitting stage. An alternative approach 
implements a filter stage
(Seed Filter) to reject 
tracks not compatible 
with a straight line in the 
RZ plane, before doing 
the fitting  using the  
Linear Regression (LR) 
method. 
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