
Fast Tracking Simulations 
using LDT

03-04-2024

Cheuk-Ping Wong



Last Update

2Cheuk-Ping Wong

0 2 4 6 8 10 12 14 16 18
p (GeV/c)

1

2

3

4

5

 / 
r.m

.s
 (%

)
σ

=-1.0ηLDT 
=-1.0ηDD4hep 

0 2 4 6 8 10 12 14 16 18
p (GeV/c)

0.5

1

1.5

2

2.5

3

 / 
r.m

.s
 (%

)
σ

=-1.5ηLDT 
=-1.5ηDD4hep 

0 2 4 6 8 10 12 14 16 18
p (GeV/c)

1

2

3

4

5

6

7

 / 
r.m

.s
 (%

)
σ

=-2.0ηLDT 
=-2.0ηDD4hep 

0 2 4 6 8 10 12 14 16 18
p (GeV/c)

2
4
6
8

10
12
14
16
18

 / 
r.m

.s
 (%

)
σ

=-2.5ηLDT 
=-2.5ηDD4hep 

Particularly big discrepancy
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Update in Detector Setup
• DD4hep: removed ToF and MPGD in the barrel
• LDT: corrected pixel resolutions
• LDT: corrected z position of two disks
• LDT: find tuned material thickness (radiation length)
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Isolate a component (e.g. aluminum+CF layer of 
1 disk) and then run a material budget scan
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Momentum Resolution with the Modified DD4hep Setup

Cheuk-Ping Wong

Removed barrel ToF and 
MPGD in DD4hep 
detector setup
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Momentum Resolution with the New LDT Setup

Cheuk-Ping Wong

• Added aluminum foil in the 
outer barrel tracker layers to 
match DD4hep setup

• Fine tuned the thicknesses of 
the beam pipe and barrel 
tracker

• z and rφ resolutions changed 
from 20um to 20/ 12 =
5.77um 
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Momentum Resolution with the New LDT Setup

Cheuk-Ping Wong

Barrel hits only

• 𝜂 = 0,−0.8, −0.9 and 
𝜂 = −2.5, −2.9
Discrepancy from spatial 
resolution?
Spatial resolution in LDT is 
possibly too fine

Backward disk hits only

• 𝜂 = −2.5, −2.9 bins 
worry me the most
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Tracking Detector Layout in LDT
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𝜼 = −𝟐. 𝟗

𝜼 = −𝟐. 𝟓

𝜂 = −2

𝜂 = −1.5

𝜂 = −1.4
𝜂 = −1.3

𝜼 =
−𝟎. 𝟖𝟏

𝜼 =
−𝟎. 𝟗

𝜂 = −1.1

𝜂 =
−1

𝜂 = −1.2



Summary
Updated detector setups in LDT and DD4hep
• The discrepancy between LDT and DD4hep reduces
• There are still questions concerning the discrepancy

• LDT: Check with Ernst’s LDT results
• LDT: Run standalone disks/barrel simulations
• DD4hep: Working on the material map of ACTS
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Back Up
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Analytical Calculation of Momentum Resolution
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https://www.desmos.com/calculator/trrpytarr4

Δ𝑝
𝑝 %&'

=
12 ⋅ 𝜎()* ⋅ 𝑝
0.3𝐵𝐿+

5
𝑁 + 5

** For an equal distance, spatial resolution, multiple scattering tracker **

𝚫𝒑
𝒑 𝒎𝒔

=
𝟎. 𝟎𝟏𝟑𝟔

𝟎. 𝟑𝑩𝑳 ⋅ 𝒑
𝒎𝟐 + 𝒑𝟐

𝑿𝟎/𝑿

≈
𝟎. 𝟎𝟏𝟑𝟔
𝟎. 𝟑𝑩𝑳 𝑿𝟎/𝑿 for 𝒑 ≫ 𝒎

Error from multiple scattering

Error from detector design

Falling at low p, flat at high p

𝚫𝒑
𝒑 𝒕𝒐𝒕

=
𝜟𝒑
𝒑 𝒓𝒆𝒔

𝟐

+
𝜟𝒑
𝒑 𝒎𝒔

𝟐

https://arxiv.org/abs/1805.12014

Arbitrary parameters 
are used in this figure


