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Gateware:  

Hog[10]:  The MDTTP gateware exploits (HDL-on-git) as a development 

framework. Hog allows the development of multiple simultaneous projects 

within the same GitLab repository, simplifying the continuous integration and 

versioning support.   

Configuration and parameters: The Gateware project 

for the CM FPGA is designed to comprise the different 

64 flavors needed in the detector: Barrel or Endcap 

(2x), Side A or C (2x) and sectors (16x) therefore a 

series of  decisions have been taken to simplify 

and speed up the implementation.  

Organization:  The development is divided into 2 

main blocks: the Hardware Abstraction Layer 

(HAL) and the User Logic Layer  (ULL). The HAL 

realizes  the  external signals connections, the 

transceivers interfacing, the buses protocols 

coding and decoding and the clock domain 

crossings for the ULL, this way the ULL will only 

need 1 clock. This division allows to isolate the 

ULL development allowing the block to be 

independent of the FPGA model. 

Latency: The design must operate under fixed maximum latency of 1.5μs.  The current algorithm 

satisfies this  latency constraint and allows to be adjusted via configurations.   

 
Multi-thread: To allow the possibility of process multiple candidates at the same time a multi-

thread architecture has been implemented to avoid logic blocking when a candidate is being 

processed and allowing to process multiple candidates simultaneously independent of the time 

of arrival. The number of threads is configurable via configuration scheme. To simplify  the 

architecture the thread control logic is in Muon Candidate manager this way the threads are 

agnostic of the multi-threading architecture. 
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Hardware:   
The MDTTP project   will be implemented in 64 ATCA blades, 1 

for each sector and side for the Barrel and endcap. This blades 

will  be designed following the Apollo platform[3] architecture. 

 
Apollo Platform:  The MDTTP blade will be implemented using 

the generic open-source platform Apollo. An Apollo ATCA blade is 

comprised of two PCB modules. The generic “Service Module”, 

common to all Apollo applications, provides the required ATCA 

Intelligent Platform Management Controller (IPMC), power entry 

and conditioning, a powerful system-on-module (SoM) computer, 

and flexible clock and communications infrastructure. The 

application-specific “Command Module” provides the processing 

FPGAs and the FireFly Transceivers for communication with the 

other systems inside ATLAS. 

CM—Demonstrator: A hardware demonstrator of the MDT 

trigger processor has been produced and is currently under test, 

comprising two powerful FPGA devices, and eight 12-channel 

bidirectional optical transceiver modules, with a link speed up to 

25 Gbps. The final design for the MDTTP will be based on the 

results of tests on the hardware demonstrator.  

 

CM—Prototype: With the lessons learnt from the demonstrator, 

a prototype is currently under design removing the elements are 

no longer needed for L0Muon. This prototype will employ a 

single but larger FPGA (Xilinx VU13P), 10x 14Gbps transceivers 

with 12/12  Tx/Rx channels  giving a total of 120x Rx and 120x Tx 

links. 

 

 
This Layout is a  preliminary proposal and stills under study. 

Motivation: 
 Trigger performance: The first-level muon 

trigger (L0Muon) of the ATLAS experiment will 

be upgraded to operate in the substantially 

increased luminosity environment of the HL-

LHC. The selectivity of the current system is 

limited by the moderate spatial resolution of 

RPC and TGC trigger chambers [1][2].  

The Monitored Drift Tube (MDT) chambers currently used for offline precision 

tracking will be included in the trigger to improve the transverse momentum 

resolution and to reduce the fake muon trigger rate. 

The MDT Trigger Processor (MDTTP) receives muon candidates from the RPC/TGC 

trigger sector logic (SL) and matches MDT hits to them in time and space to find the 

local segments on the station and finally use this segments to estimate the muon 

momentum.  Then this information is returned to the sector logic to produce  the L0 

trigger. 

 The MDTTP will also buffer all hits independently in the DAQ buffer and match them 

to time windows surrounding L0/L1 trigger accept signals to  send matching hits to 

the FELIX system[7].  

User  Logic Layer:   

The ULL contains the logic that comprises the trigger path and 

DAQ and the control and  monitoring.  

• Tube to Address  Remap (TAR): Receives the hits from the 

MDT tubes, pipelines them to compensate for the latency of 

the sectors logic candidates and translates hardware to 

physical coordinates. 
• Main PipeLine (MPL): Pipelines the candidates to 

compensate for the processing time of the Hit 2 Segment 

(H2S) macroblock + momentum estimation. 
• Muon Trigger  Candidate Builder (MTCB): Builds the packet 

to be sent back to the SL with the results of the algorithm 
• DAQ: Stores the hits for a period of 5 BCID windows 

transmit them to FELIX in case of a trigger event. 
• Control & Monitoring: The control and monitoring logic 

interfaces the axi Chip2Chip connection with the SM and 

allows the control and configuration  of the different blocks 

and the slow monitoring of the system and fast monitoring 

of the different buses via the SpyBuffer. 
The user logic has the capability to send and receive  

segments from the neighboring sectors in case  a muon goes 

through the edge between  sectors. 

Pipelines:  
The 2 main pipelines of the system  (TAR & MPL) are  implemented using the VHDL 

Advanced Memory Controller.  This module allows the developers to implement 

multiple interleaved memories accompanied with the necessary logic to provide 

control and access to the memories while running, this way the pipelines can be 

accessed and debugged in real time. 

Segment Finder:  

With the filtered hits the SF finds the segment at each 

station sending the position and angle for it to the 

momentum estimation. 2 different implementations are 

being implemented following different algorithms.  

Compact Segment Finder (CSF): Two steps algorithm: 

Histogram + Linear Regression Fit. A one-dimensional 

Hough Transform is used to select the hits in the MDT 

segment, and then a linear regression fits calculates the 

final segment parameters, together with a Chi2 estimate. 

Legendre Transformation (LSF)[6]: Converts the tube 

position and the drift radius in based on the HPS window 

corner to the Legendre space in polar coordinates 

obtaining the angle and position segment and then 

searches for the point with more lines intersecting. 

Momentum estimation: 
Muon track segments reconstructed in SF are 

combined to  determine the track momentum. 2 

different algorithms are developed to find the most 

adequate solution depending on the number of 

available segments. 

3 stations: Sagitta: Defined in the barrel (endcaps) as 

the distance in the bending plane of the segment in 

the middle (inner) chamber from the straight line 

connecting the other two. 

2 stations: Deflection Angle: Defined as the polar angle difference of the two segments. 

Φ, η corrections take into account distortions in the magnetic field. 

Muon Candidate Manager:    
The muon candidate manager pre-processes  the 

candidates from Sector Logic and sends the candidates 

with higher priority to be processed to an Idle thread.  

It performs the sorting of the incoming candidates and 

manages the multithread architecture of the user logic. 

Process Assign Manager: Is in charge of managing the 

multi-threading capabilities of  the logic, setting the proper paths, sending the data to process to the proper 

Hit Processors and controlling the status of the chain. 

Vector processor: This block calculates the position and angle at each MDT station from the extrapolation of 

the SL RPC/TGC candidate seeds, thus allowing to determine the relevant MDT tubes to be used for the hit 

extraction and subsequent segment finding. 

 

 

Hit 2 Segment (H2S):   

The H2S macroblock  includes all the Hit Processing Stations (HPS). Each HPS is 

conformed by 1 Parameter calculator (PC) for all the station and 1  Hit Extraction 

Group (HEG) & 1 Segment finder (SF) per thread.  

Each HEG has as many Hit Processors (HP) as chambers has the station. 

PC: The PC calculates the global vectors for the tubes and does the time 

compensation of the different propagation delays of the detector. 

HP: The Hit processor filters the MDT hits 

in space and time using the SL candidate 

information  to define the boundaries of 

the filters. This is  to select the 

appropriate hits to be used by the 

segment finder. The valid hits are then 

processed to obtain their drift radius and 

this information along with the local 

position of the tube origin is passed to the 

segment finder. 

Local  vector calculator:  calculates the local vector position from the origin window 

corner.  

Radius calculator: this block is responsible to convert the drift time into drift radius, 

using a time-to-radius (r-t) relationship (preloaded for each chamber). 
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