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Introduction

Introduction

The DT phase 2 upgrade will consist in substituting the on-detector and
back-end electronics because the Level 1 trigger rate (500 kHz) cannot
be sustained.

Taking profit of this, we decided to build a new trigger system that will
be located in the back-end FPGAs instead of on the on detector
electronics ASICs.

The new system will receive the full resolution time measurements from
the chambers without any filtering. A priori, ultimate HLT resolution
could be achieved in the Level 1 trigger.

Building TP (Trigger Primitives) in FPGAs instead of in ASICS allows
us to be more flexible on the trigger primitive generation and we are
exploring different alternatives to optimize the TP production.

The algorithm developments should improve the robustness, regarding
longevity of the DT chambers.
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Introduction

Introduction

For the moment we are working with two different approaches:
One algorithm that is based on the determination of the BX by a
meantimer histogramed and then a linear fit by a compact hough
transform
One algorithm that is based on a pattern classifier plus a BX determination
by an analytical method

The status and plans for both are being presented in these slides.

All developments in CMSSW are R& D oriented and firmware
compatible.
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Introduction

DTHits in phase-2

Independently of the algorithm we will use for L1 Trigger, phase-2 DT
hits will come from a TDC with approximately 1 ns resolution
referenced to the BC0 of the orbit i.e:
TDC hit = BX of the collision(TDC units) + TOF + delays + drift time

In order to emulate these hits using phase-1 data we transform the
present DT Digis in CMSSW as:

This is the input for the following studies.
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Introduction

DT TPG based on hough transform

DT TPG based on hough transform
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Overview of the DT TPG based on hough transform

Overview of the MMT+CHT algorithm

MMT:Majority Mean Timer, CHT:Compact Hough Transform

R& D started in Padova 4 years ago
Two-step reconstruction of track segments at chamber level:

Custom implementation of Hough Transform (Compact HT); whole
chamber at once, no correlation of two super-layers is needed.
Histogram-based BX identification exploiting the mean-timer equations
for each pattern of wires and laterality hypothesis (Majority MT)

Concept and several steps of evaluation documented available in CMS
indico and/or journal articles
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Overview of the DT TPG based on hough transform

Overview of the MMT+CHT algorithm

Camilo Carrillo DT trigger primitives 29/11/18 8 / 36



Status of the DT TPG based on hough transform

Overview of the MMT+CHT simulation software R& D
oriented
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Status of the DT TPG based on hough transform

Status of the MMT+CHT algorithm in CMSSW,
resolution
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Status of the DT TPG based on hough transform

Status of the MMT+CHT algorithm in CMSSW,
resolution
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Status of the DT TPG based on hough transform

Status of the MMT+CHT algorithm in CMSSW,
efficiency
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Overview of the DT TPG based on the analytical method

DT TPG based on the analytical method

DT TPG based on the analytical method

Camilo Carrillo DT trigger primitives 29/11/18 13 / 36



Overview of the DT TPG based on the analytical method

Analytical method algebra
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Overview of the DT TPG based on the analytical method

Analytical method: generalized Meantimer equations

a, b, c, d are constants that depend on the assumed laterality.
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Overview of the DT TPG based on the analytical method

Once the BX is computed, x and tan(φ) are computed to
generate the TP
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Overview of the DT TPG based on the analytical method

Pattern-classifier for the analytical method
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Overview of the DT TPG based on the analytical method

Analytical Method algorithm

A custom C/C++ program designed with an architecture and methods
firmware oriented has been developed for a Mean Timer like algorithm
(analytical method).

Several preliminary results independent from CMSSW with n-tuple like
analysis have been presented about this algorithm.
https://indico.cern.ch/event/713719/
contributions/2932502/attachments/1616887/
2570507/Luigi_DTUpgradeWorkshop20180314.pdf

The algorithm has been validated in various stand alone programs
showing good performance

The porting of all these capabilities to an L1-Phase 2 emulator in
CMSSW. Tested with CMS data and extended to all chambers.

Camilo Carrillo DT trigger primitives 29/11/18 18 / 36

https://indico.cern.ch/event/713719/contributions/2932502/attachments/1616887/2570507/Luigi_DTUpgradeWorkshop20180314.pdf
https://indico.cern.ch/event/713719/contributions/2932502/attachments/1616887/2570507/Luigi_DTUpgradeWorkshop20180314.pdf
https://indico.cern.ch/event/713719/contributions/2932502/attachments/1616887/2570507/Luigi_DTUpgradeWorkshop20180314.pdf


Status of the DT TPG based on the analytical method

Porting the Analytical Method to CMSSW, check-list:

X� build a CMSSW wrapper for any algorithm starting from DTDigis → phase-1 DTTrigger
primitives

X� port firmware-like-algorithm from C/C++ to cmssw wrapper

X� develop phase-2 DTDigis producer.
X� transmit phase-2 DTDigi information as input to firmware-like-algorithm
� debugging:

X� resolution measurements
X� extrapolate 4D-seg to corresponding SL

X� uniform coordinates and code-conventions
� code memory/cpu optimization (for the moment not optimal at all)
X� comparison with HLT segments

X� time correlation and resolution
X� tan(φ) correlation and resolution
X� position correlation and resolution

� comparison with offline segments
� TnP algorithm from DPGO, DT n-tuples

� change data-format for DTPrimitives to phase-2 format (handshake with kalman filter)
� implementation/testing of new algorithms, other superlayers, RPCs
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Status of the DT TPG based on the analytical method

The code & dataset

Development in CMSSW 10 1 1,
The data used was from the 2017A run 295655 (LHC trains of bunches
are more spaced).
We use RPCMonitorStream data which is simply an enriched low-level
muon information dataset available at HLT:

DT+RPC+CSC digis
local reco@HLT products:
(local RecHits, 1DRecHits, 2D and 4D segments)
L1 and HLT info.

Could be run over any other dataset.
The firmware-like-algorithm written in C/C++ from the one results have
been already shown are uploaded here for reference:
https://github.com/camilocarrillo/DTTrigger/tree/master/doc/

referece_code

Out of the box instructions to test the algorithm:
https://github.com/camilocarrillo/DTTrigger/
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Status of the DT TPG based on the analytical method

tan(φ), comparison with HLT segments
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Status of the DT TPG based on the analytical method

difference segment - firmware-meantimer algorithm,
tan(φ)
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Status of the DT TPG based on the analytical method

Position, comparison with HLT segments
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Status of the DT TPG based on the analytical method

Difference HLT segment - analytical method position
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Status of the DT TPG based on the analytical method

difference HLT segment - analytical method, t0
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Status of the DT TPG based on the analytical method

algorithm output, phase-1 primitives

An analogous primitive is defined for the η projection, but for the
moment is filled up empty.
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Status of the DT TPG based on the analytical method

algorithm output, phase-2 primitive proposal

The proposed new dataformat for phase-2
primitives. New information and station
granularity.

The η projection is included in one single
instance of the format (with the z information and
z − slope)

The existing code to measure performance would
have to be adapted as well for this new dataformat
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Status of the DT TPG based on the analytical method

Preliminar results with TnP method of the generated
primitives

From MuonPOG: http://www.hep.uniovi.es/vrbouza/
Proyectos/trigger_primitives/results/TMuxOut/phi/.
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Status of the DT TPG based on the analytical method

Firmware implementation for the analytical method

FPGA implementation for an algorithm of 2 φ Superlayers (not yet one
chamber) in a Virtex 7 FPGA (XC7VX330t-2ffg1157), clock frequency 240
MHz.

Slices 30%

LUTs 21%

DSP 30%

FPGA not yet
fully used!

Test-bench implemented with real data and simulations on going.
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Plans and next steps / conclusions

Plans and next steps / conclusions

Algorithm: The goal is to evaluate the performance of both approaches
in similar conditions and try to either merge or select the parts that are
more appropriate. New algorithms and extensions will be also tested
with all the developed tools.

Emulator: The algos developed are being ported to CMSSW. The
measured resolutions by comparing with HLT 4D segments, TnP and
MC truth is satisfactory. Few debugging issues still pending.
We aim for a tested/firmware oriented emulator pull request to CMSSW
version by beginning of next year that we can validate in different
sample types.

Firmware: first version will be ready in the next months and will be
tested in the SX5 test stand with a DT chamber. Testing and debugging
will continue until the CMS Slice test in June.
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backup

Backup

Backup
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backup

tanPhi, n-tuple study analytical method
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backup

x, n-tuple study analytical method
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backup

t0, n-tuple study analytical method
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backup

log arranged in order to facilitate debugging

spanish:
firmware-
meantimer-
algorithm

english: cmssw
wrapper and
porting
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backup

CMS Muon system quadrant
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