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What is tkLayout?
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A standalone tool dedicated to Tracker design & performance studies.

● Initially developed at CERN for the R&D of the HL-LHC CMS Tracker.

● Also used for the conceptual design of the FCC-hh Tracker.

● Tool is modular and generic, can be adapted for the Trackers of other experiments.

● Provides major figures of merit: hermetic coverage, realistic material description, sensors area, sensors power 
dissipation, bandwidth studies, track parameters estimates... 

● Based on an analytic approach for fast feedback cycle. 
Evaluating the detector performance figures of merit as early as possible is key to a successful detector design R&D.
Simple input configuration files. Run time in the order of minutes! Results easily accessible on webpage. 

● Can also automatically export descriptions to Monte Carlo frameworks for full picture of Physics reach.

● Extremely cost-effective: ~ 1 developer full time versus hundreds of developers in Monte Carlo frameworks.

What is tkLayout?

click here :)

http://cms-tklayout.web.cern.ch/cms-tklayout/layouts/repository-git-dev/OT800_IT700/index.html
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tkLayout workflows
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Geometry 
computation
& hit coverage
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Input: Simple geometry parameters

Number of layers

Minimum overlap

Sensor shape
(e.g. square ~10x10 cm2)

6

5 Number of rings per disk

Luminous region shape

15
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Computation: Geometry coordinates.

Z ~ [-70 mm; +70 mm]
Luminous region extrema

Always consider 
most stringent 

scenario

Automatic sensor placement
Barrel ladder Tilted Rings

Endcap
disk
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Output: 3D geometry

CMS Tracker for HL-LHC 
has been designed with tkLayout.

~17 000 sensors: 
All relevant information (incl. placement, DetIds, ...) automatically exported to csv files.

TB2S

TBPS

TEDD

TBPX TFPX TEPX
Barrels

Disks

Outer Tracker

Inner Tracker
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Output: 3D geometry

FCC-hh Tracker design study

Pixel detector
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Output: Hit coverage / multiplicity

Total number of hits

 η = 2.05

Track
η = 2.05

Number of layers with at least 1 hit

Fraction of tracks 
with at least 2 hits

Also provides
per-layer
information!

Full Tracker 
volume

Full Tracker 
volume

Full Tracker 
volume

TEPX
Disk 1

Fraction of tracks 
with at least 1 hit

TB2S
Layer 1

Hits per 
sensor type

Essential to track reconstruction!

Overall hit coverage
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Example: TBPS design

A “stub” 
is a “signature” of a high-pT track.

● HL-LHC: CMS Tracker contributes to the Level 1 trigger.
Key for keeping trigger thresholds and efficiency at HL-LHC consistent with LHC Run 1 values.

● Which data to send from Tracker in real time (40 MHz) to contribute to the CMS L1 signal?
Data from all hits: not possible for obvious bandwidth and track reconstruction reasons.
Data from high-pT tracks (>2 GeV/c) only: achievable bandwidth and track reconstruction.

● Selecting high-pT tracks: feasible thanks to CMS high magnetic field (3.8 T) & 2-sensor modules.
This pT discrimination, applied when forming 2-hits pair, is only feasible from Tracker radius > 200 mm.

2-sensor module
(same electronics)

CMS_X

CMS_Y
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Example: TBPS design
Why a tilted design? Different front-ends cannot communicate. 
Hence, in a non-tilted design, a significant proportion of stubs would not be detected.

Non-tilted design Tilted design

Fraction of tracks with at least 1 stub Fraction of tracks with at least 1 stub

These stubs are lost, 
because the 2 hits are read out by different front-ends.

Modules are ~normal to the track:
the same front-end reads out the 2 hits, hence the stub. 

CMS_Z

R

CMS_Z

R
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Example: TBPS design

tkLayout:
geometry computation from simple input parameters.

tkLayout:
insures hermetic

hit coverage.

tkLayout:
provides coordinates 

to CAD.

tkLayout:
detailed information
on website

tkLayout role

Overall ~4 MCHF saving! 
(less sensors).
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Materials modeling
& Automatic
services placement
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Semi-automatic materials volumes creation

Simple materials assignment 
in a parametric way.

GBT / 
DC-DC 

converters

Module model Automatic routing of services

CMS_Z

R

Automatic routing of services

Routed 
services:

e-links
+ power cables
+ cooling pipes

Barrel ladder Forward disk conversion 
station

routed 
cables
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Output: Detailed materials volumes debug

tkLayout website:
detailed weights estimates

tkLayout website:
detailed RL/IL estimates Overall 

IL profiles

tkLayout website:
automatically provides 

csv files with 
ALL VOLUMES

details.
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FLUKA
interface
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FLUKA interface

Automatically superimposes any geometry from tkLayout with any map from FLUKA.
➢ Allows irradiation studies for each sensor type, at their real position in the Tracker.

Integrated particle fluence in 1 MeV neutron equivalent per cm2, 
for the CMS Phase-II Tracker. 

The estimates shown correspond to a total integrated luminosity 
of 3000 fb-1 of pp collisions at √s = 14 TeV.

Fluence per sensor type
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Cabling map
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Cabling map

Takes profit of the geometry design being already incorporated in tkLayout.
➢ Can easily access valuable geometry ensembles such as Phi sector, Layer / Disk, Ring…

Takes cabling constraints as inputs.
➢ Example: maximum number of modules per bundle, maximum number of bundles per cable, etc…

Automatically generates a cabling map (and associated DetIds for easy integration to Monte-Carlo framework).
Easy debug thanks to many plots and csv files directly accessible on website.

Example of data workflow for a nonant cabling map,
from sensors to DTC (Data, Trigger, Controls)

- CMS Outer Tracker, HL-LHC Upgrade -
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Example: HL-LHC CMS Outer Tracker cabling 

T

Detailed csv files

Detailed debug

tkLayout website
Cabling integrated 

in CAD
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Example: HL-LHC CMS Inner Tracker cabling 

Detailed debug

Detailed csv files

tkLayout website
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Tracking
resolution
estimates
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Track parameters resolution estimates

The sensor spatial resolution in z 
on measurement layer i is noted σi.
Multiple scattering is treated as a measurement error Mzi.

Note: The beam pipe is not represented here for clarity.

Computing δ(z0)

A priori error estimation:
● No Monte Carlo.
● No fitting.

Particle’s trajectory in the CMS magnetic field is modeled as:
● a circle in the (r, ) plane.φ
● a straight line in the (r,z) plane.

tkLayout relies on error propagation to estimate the 5 track parameters resolution. It takes into account:
● (Parametric) spatial local resolution of each encountered sensor.
● Multiple scattering through all encountered volumes (sensors and services, treated as a measurement error).

σz1

σz2

σz3

σz4

(z0)δ

Mz4

Mz3

Mz2

Mz1
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Track parameters resolution estimates: Examples

Sensor local resolution
(parametric) estimate

pT resolution
(with multiple scattering effects)

1 GeV/c

10 GeV/c

100 GeV/c
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Automatic 
export 
to
full simulation
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Automatic export to full simulation

tkLayout automatically exports ALL geometry & materials volumes to a Monte Carlo framework 
compatible format (GDML).

➢ Minimal (but non-null) effort needed for producing detector descriptions (mostly software adjustments in tkLayout tool).

Necessary 
detector description

within 
Monte Carlo framework

Phase-II Tracker 
in Full Simulation framework (CMSSW).

~105 volumes!
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Summary
& Outlook
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Summary & Outlook

tkLayout is a very powerful tool with numerous features.
● Inputs are easily tunable, in simple, parametric, configurations files.
● Codebase is generic, and can be adapted to other (tracking) detectors.
● All results are accessible to entire collaboration in an unequivocal way (website).
● Extremely cost-effective: allows advanced R&D, and provides detailed detector descriptions, with minimal effort.

Adaptations needed for CEPC use case(s):
● Geometry: Should be rather straight-forward. Same geometry hierarchy can be kept in the codebase.
● Materials: Most of the work should consist in updating input cfg files (trivial). Should also require few adaptations 

in codebase though (can be complex).
● FLUKA interface: Should work out of the box.
● Cabling maps: Quite geometry-specific, should require deep codebase adaptations.
● Tracking resolution: Should require adaptations in simulation parameters inputs & codebase.
● Export to full simulation framework: Assuming the associated full simulation framework relies on GDML (XML) 

detector descriptions, tkLayout export feature can be used. Will require (non-trivial) adaptations in codebase.

How generic is tkLayout?
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