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The LiC Detector Toy
A mini simulation and track fit program, 
written in MATLAB, for fast and flexible 

detector optimization studies
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Program Features
• Simulation:

– Single tracks coming from vertex (0,0,0)
– Exact helix track model, including kinks for multiple scattering
– Measurements of two coordinates, one for RΦ, one along a helix

(incl. z) at coaxial cylinders, arranged in 3 groups (e.g. VD, IT, TPC), 
and additional passive layers (e.g. inner wall of TPC or beam tube)

– Multiple scattering at discrete layers
(material budget averaged over whole layer, correct path length
traversed, scattering angles normally distributed (in the track system) 
with σ according to Highland)

– Resolution of TPC measurements may be dependent on z (e.g. to account
for diffusion)

• Reconstruction:
– Exact Kalman filter with inclusion of multiple scattering (process

noise), fitting from outside inwards
– Linear track model; expansion point at a reference track (similar to 

DELPHI)
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Program Features
• Program:

– Written in MATLAB
– Simple, for quite general use, may run on a laptop
– Easy to read, implementing changes for individual needs
– General facility should stay simple

(e.g. use for multi track prong should be treated by a steering loop from
outside)

– Errors: normal or uniform (strips, or pads with double layer strip trick)
– Flag to cope for inefficient detector layers
– Orientation of one strip per detector may allow for any stereo angle

• Parameters:
– Fitted parameters defined at the inside of the innermost layer
– DELPHI-like coordinates (Φ, z, θ, β=φ-Φ, 1/R with sign)

5x5 error matrix
– Cartesian coordinates (x, y, z, px, py, pz) 

6x6 error matrix of rank ≤5, e.g. for CMS
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Detector Setup
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Input Sheet
• Vertex Detector (VD)

Number of layers: 5
Radii [mm]: 15, 26, 37, 48, 60
Lengths in z [mm]: 50, 120, 120, 120, 120
Strips or pads: 1 (0: strips, 1: pads)
if strips: alpha [Rad]:
Thickness [rad. lengths]: 0.002
error distribution: 1 (0: normal, 1: uniform)
if normal:σ(RΦ) [μm]:

σ(z)  [μm]:
if uniform:d(RΦ) [μm]: 25

d(z)  [μm]: 25
• Inner Tracker (IT)

Number of layers: 2
Radii [mm]: 160, 300
Lengths in z [mm]: 360, 640
alpha [Rad]: pi/2
Single layer: 0, 0 (0: double, 1: single)
if single: measured coor.: (0: RΦ, 1: z)
Thickness [rad. lengths]: 0.0175
error distribution: 1 (0: normal, 1: uniform)
if normal:σ(RΦ) [μm]:

σ(z)  [μm]:
if uniform:d(RΦ) [μm]: 50

d(z)  [μm]: 50
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Input Sheet
• Time Projection Chamber (TPC)

Number of layers: 200
Radii [mm]: 362, 1618
Lengths in z [mm]: 2730
Thickness [rad. lengths]: 0.00005
σ1(RΦ) [μm]: 50 (σ=√[σ1

2 + σ2
2|z-zmax|])

σ2(RΦ) [μm]: 40
σ1(z) [μm]: 200
σ2(z) [μm]: 1000

• Passive Scatterers (PS)
Number of layers: 3
Radii [mm]: 14, 110, 320
Length in z [mm]: 3000, 200, 2730
Thickness [rad. lengths]: 0.14, 0.001, 0.02

• Start parameter range
Transverse momentum range [GeV/c]: 5, 20

Angular range theta [Rad]: pi/2, 3*pi/2
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Pulls
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Residuals
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Results
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