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The latest design
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The issue of the latest design

⚫ The large area of silicon 
detector at the forward & 
backward put a heavy 
burden on the readout 
system

⚫ Only the radius of the 
sagitta layers are 
optimized by single track 
events

⚫ The Layer number and 
radius (position) are not 
optimized properly

⚫ The scale and structure 
of the detector need 
dedicated optimization 
according to our 
physical requirement !!
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Analytic expressions for track parameter resolution 

• By simulation

• Very time consuming

• By analytic expressions

• We need to know all the factors that 
affect the resolution

• Track model: 𝑓 𝑥 = σ𝑖 𝑎𝑖𝑔𝑖(𝑥) with M 
unknow parameters

• N measurement 𝑦𝑛,

• The parameters 𝑎𝑖 are estimated by 
minimize 

measurement

Track parameter

To minimise 𝜒2we have to solve 
𝜕𝜒2

𝜕𝑎𝑖
= 0 which gives

The error of a can be determined by the errors of y

Cy is the covariance matrix of y
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Analytic expressions for track parameter resolution 

Input parameters for calculation:

• Momentum, Mass of track

• Number of sensitive layers and support layers 

• Radius of the layers

• Material budgets of the layers

• Resolutions of r_phi and z direction for each layer

• magnetic field

Example:
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Comparison of dp/p vs pt

• Compare resolution from MC simulation and analytic calculation:

Two contributions: detector resolution, multiple scattering
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Comparison of DCArp and DCAz vs pt
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Comparison of dp/p vs Radius of layers
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Optimization of the Radius of tracking detector

⚫ The scale and structure of the 
detector need dedicated 
optimization according to our 
physical requirement !!

pt distribution
of inclusive MC sample.
(generated by PYTHIA

3.5x20 GeV e-p collision)
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Optimization of the Barrel

Barrel Radius

σ(p)/p=1% @ 4GeV 

Radius of inner layers

Simulation
Analytic calculation
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Barrel Radius

Optimized based on vertex(ITS3*3)+barrel(ITS2*2+MPGD*2), using tracks with pt = 4 GeV
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2 MPGD Layers vs. 4 MPGD Layers

Performances are almost the 
same for tracks with p<4 GeV;
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Radius of Si layers

• Optimization with Inclusive MC

• The distance of 2 Si layers are fixed to 4 cm
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Optimization of Endcaps

Momentum distribution of inclusive MC sample.
(generated by PYTHIA 3.5x20 GeV e-p collision)

p going direction e going direction
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Optimization of Endcaps

Optimized based on: e going direction (ITS2*5)
p going direction (ITS2*5+MPGD*1)

η[-3, -2.5] p[3, 5]η[2.5, 3] p[8, 12]
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Performance ITS2 vs ITS3
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Performance ITS2 vs ITS3
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Performance ITS2 vs ITS3
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Performance ITS2 vs ITS3
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Summary

Radius of Barrel: 77.56 cm -> 55 cm
Barrel MPGD :     4 Layers -> 2 Layers
The size of Si:          ~70%
The size of MPDG:  ~35%
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