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• What is tkLayout 

• How it works 

•  Example(s)  
 
 
 



Evaluation of tracker performances 

Build tracker geometry? 
Evaluate performances of a tracker?   

detailed MC simulation  

Estimate the track 
parameter resolution 
from first principles 

ü Time consuming  ü  tkLayout 
ü Thorough 
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optimise event reco 
algorithms 

fast-simplified geometry 



Standalone 
 

Lightweight 
 

Tool to evaluate  
tracker layouts 
 

Small number 
of design parameters 
to create geometry  
 

Places modules 
in 3D space  

 

Assigns material 
to the volumes  

 

Makes an a 
priori estimate 
on tracking 
performances  
 

Developed by Nicoletta De Maio, Stefano Mersi 

Fast 
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What is tkLayout? 
•  Fair comparison of 

layouts  
•  a priori estimate of 

performance 
•  Narrow down the 

parameter space 
•  Pre-optimized 

designs  
•  Does not depend on 

optimised reco 
algorithms  

•  IS NOT a 
replacement for the 
MC simulation 

•  estimate impact 
on trigger 

•  physics channels  
•  occupancy  
•  efficiency 
•  ……  

tkLayout 



Step 1: Define Geometry 
parameters: 

•  large-scale structure of tracker (number of layers/discs, volume 
boundaries) 

•  Details of modules used in the tracker (type of modules, no of 
sensors, distance between modules, size of trigger windows…)  

•  Support structures and services around the modules are, placed 
automatically (one can define additional support if needed) 
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How it works?        GEOMETRY 



Step 2: Define Materials 
•  the material file tells the application what the volumes are 

actually made of 

How it works?    MATERIALS 

Material 
Active ∨ Support ∨ Services 

 
LOCAL EXITING 

 Material assigned to a module without any detail about geometric 
distribution of material within the module itself 

Material on active element + Material on services automatically routed 6 



•  2 strip sensors 
•  960 strips x 2 segments 
•  long strip ~46mm 
•  90 µm pitch 
•  ~1.5mm macro pixel 
•  8 ROCs per segment 
•  pT information  7 

•  1 strip sensor, 1 pixel sensor 
•  960 strips x 2 segments 
•  Short strip ~24 mm 
•  960 x 16 pixels x 2 segments 
•  ~1.5mm macro pixel 
•  8 ROCs per segment 
•  pT + z information 
  

How it works?    MODULES 



high pT 

low 
pT 

trigger window Low pT track filtering 

Measure the track crossing angle orthogonal to a 
layer’s surface. 

•  The highest-pT tracks will cross almost 
orthogonal to the surface 

•  The low-pT tracks will cross at a wider angle 
•  The Rϕ distance travelled between two sensors 

in a stack is of a similar size to the pitch of a 
single pixel 

•  Optimise trigger windows and (or) sensors 
spacing to obtain consistent pT selection 

•  one of the parameters in tkLayout is 
*triggerWindowSize*  

 
For a given pT, Δ(Rϕ) increases with R 
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How it works?   MODULES-local pT reconstruction 



A priori error estimation  
•  No Monte Carlo 

•  the accuracy of the track parameters derived from a fitting 
procedure 

•  2 uncorrelated fits: a circle in (r, ϕ), line in (r,z) plane 
•  No Fit actually done  

•  minimimisation of χ2 can be done analytically  
•  Ingredients:  

•  Error propagation 
•  Sensor resolution (measurement error)  
•  Multiple scattering (treated as (correlated) measurement error)  

 
Validation 

•  Detailed studies done by modeling current CMS tracker & comparing 
with full simulation 

•  http://indico.cern.ch/event/113796/session/9/material/slides/0?contribId=46 
•  Layout studies 

•  http://indico.cern.ch/event/153564/session/9/material/slides/0?contribId=36 
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How it works?   Performance Estimate 
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How it works?   Performance Estimate 
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Examples      
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•  LongBarrel 
(LB; LB_all PS) 

•  BarrelEndcap 
(BE_7; BE_5) 

•  tilted BarrelEndcap 
 (tBE) 

2S 

PS 
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Examples      
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• tkLayout is a free generic tool  
 

• Fast running 
 

• Simple 
 

• Has been thoroughly validated  
 

• No dependence on reco algorithm tuning 
 

• Needs well understood model of materials to give good output 
 

• Gives fair comparison between different geometry models 
 

• Does not replace full simulation studies 
 

• Produces geometry *xml*  

• https://code.google.com/p/tkgeometry/source/checkout 
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Conclusion    


