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1. Introduction-CEPC Detector

The Forth CEPC detector concept :

• Silicon Vertex & Silicon Tracker for impact 
parameters and momentum measurement

• Drift Chamber for PID

• Transverse crystal bar ECAL for 𝜋𝜋0/𝛾𝛾
reconstruction

• Solenoid magnet between HCAL and ECAL

The layers we need to change 
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1. Initial tracker parameters

Layers Radius(mm) 𝜎𝜎𝑅𝑅𝜙𝜙(mu) 𝜎𝜎𝑍𝑍(mu) Thickness(1%/𝑋𝑋0)

Beam Pipe 14.5 - - 0.15

VTX 16.0/18.0/37.0/39.0/
58.0/60.0

2.8/6/4/4/4/4 2.8/6/4/4/4/4 0.10

Support of VTX layers - - - 0.10

VTX-shell 65.0 - - 0.15

SITs 80/340.0/600 7.2/7.2/7.2 86.6/86.6/86.6 0.65

DC inner shell 798.0 - - 0.104

DC wires (15x15mm) 
and gas

800 – 1800 100 2828 0.0081+0.00413

DC outer shell 1803.0 - - 1.346

SET 1811.0 11.52 138.56 0.65
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2 DC-Volume & Location

• Mainly determined by PID
• dR >= 1.0 m
• Cellsize = 18*18mm
• Changed the volume & location of DC 
• To be updated following with PID study
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2.1 SIT Rout=600mm, DC & SET are closer together or Only DC closer

• When DC & SET become closer(~200mm), σ d0  will slightly worse, but slightly better when SET 
fixed and only DC closer

• The closer, the worser 𝜎𝜎 𝑃𝑃𝑡𝑡 /𝑃𝑃𝑡𝑡 is, especially at low Pt. And, when we render SET fixed, the 𝜎𝜎 𝑃𝑃𝑡𝑡 /𝑃𝑃𝑡𝑡
become a little better at low Pt

• Smaller Radius, less cost
• The DC closer but SET fixed design should be better.
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2.1The effect comes from multiple scattering(MS) and resolution(Res) when DC & SET closer  

• Multiple scattering has a bigger impact @ low Pt
• Only think about Res’s effect, σPt / Pt should has a positive relation with 1/L^2(L is the full length of detector), 

here  �
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• Only think about MS’s effect, σPt / Pt should has a positive relation with 1/L, �
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2.1The effect comes from multiple scattering(MS) and resolution(Res) when DC & SET closer  

• When we draw the RS only, MS only, and All on together, it’s more easy to find that the curves(in the 
yellow ciecles) become more steep than “DC&SET closr” version at low Pt, and the MS has a bigger 
impact than RS.

• When SET fixed,  the curve of MS only is the most steep, but the MS has a smaller influence to “All on” 
compare with the initial version.  
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2.2 Changed DC’s volume-DC outer = 1800mm（logx, logy）

• Here, we use the double layers design VTX, even distribution SIT, and SET=1811
• At low Pt, the Pt resolution becomes better when DC inner is closer. When Pt at ~30-80GeV, the 

farther, the better. And, at the very high Pt, DC inner = 800mm is the best.
• Smaller Radius, less cost
• The closer DC inner layer should be better
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2.2 compare with the DC=604-1604mm

• The difference between these two version is not significant.
• The smaller the size, the less it costs
• DC = 60-1600 might be better
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3. Summary

• Geometry
VTX double layers design; 
SIT 3 layers design, even distribution;
SET = 1811mm;

• Multiple scatter is more important for the sharp lift of the curve at low 
momentum when we render the DC & SET closer together

• The closer DC inner layer should be better, but no need a bigger volume
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Thanks!
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Backup
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1. Analytic calculation[1]

[1] Drasal, Z. , & Riegler, W. . (2018). An extension of the gluckstern formulae for multiple scattering: analytic 
expressions for track parameter resolution using optimum weights. NUCLEAR INSTRUMENTS AND METHODS IN 
PHYSICS RESEARCH SECTION A.



2.1 Changed DC’s volume-DC outer = 1800mm（without logx, logy）
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2.2 Changed DC’s volume-DC outer = 1800mm（σ d0）
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• No significant effect



2.2 The print
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******************************
With DC, thita = 85degree, B = 3.0T, SIT outer = 600mm, DC = 600-1800mm
Geometry set up according to file: ../geometry/DCVolume600-1800.txt
The tot layers num of tracker is:  80
The support layers num is:   4
Layers =       0      1      2      3      4      5      6      7      8      9     10     11     12 ...      76     77     78  79
Radius =    14.5   16.0   18.0   37.0   39.0   58.0   60.0   65.0   80.0  338.0  596.0  598.0  609.1 ...  1772.7 1790.9 1803.0 1811.0
RRes   =  9999.0    2.8    6.0    4.0    4.0    4.0    4.0 9999.0    7.2    7.2    7.2 9999.0  100.0 ...   100.0  100.0 9999.0  11.5
ZRes   =  9999.0    2.8    6.0    4.0    4.0    4.0    4.0 9999.0   86.6   86.6   86.6 9999.0 2828.0 ...  2828.0 2828.0 9999.0  138.6
Effi   =    0.00   1.00   1.00   1.00   1.00   1.00   1.00   0.00   1.00   1.00   1.00   0.00   1.00 ...    1.00   1.00   0.00  1.00
Thic   =    1.50   1.50   1.50   1.50   1.50   1.50   1.50   1.50   6.50   6.50   6.50   1.04   0.13 ...    0.13   0.13  13.46  6.50
The result is:
Pt(GeV)      =      2      4      6      8     10     15     20     30     40     50     60     70     80     90    100
dp/p(*1e3)   =   0.73   0.87   0.96   1.05   1.12   1.26   1.36   1.51   1.64   1.78   1.93   2.09   2.26   2.43   2.61
dp/p^2(*1e4) =   3.63   2.19   1.61   1.31   1.12   0.84   0.68   0.50   0.41   0.36   0.32   0.30   0.28   0.27   0.26
dd0          =   6.77   4.58   3.89   3.51   3.25   2.81   2.52   2.20   2.04   1.96   1.90   1.87   1.85   1.83   1.82
******************************
With DC, thita = 85degree, B = 3.0T, SIT outer = 600mm, DC = 800-1800mm
Geometry set up according to file: ../geometry/DCVolume800-1800.txt
The tot layers num of tracker is:  69
The support layers num is:   4
Layers =       0      1      2      3      4      5      6      7      8      9     10     11     12 ...      65     66     67  68
Radius =    14.5   16.0   18.0   37.0   39.0   58.0   60.0   65.0   80.0  438.0  796.0  798.0  809.1 ...  1772.7 1790.9 1803.0 1811.0
RRes   =  9999.0    2.8    6.0    4.0    4.0    4.0    4.0 9999.0    7.2    7.2    7.2 9999.0  100.0 ...   100.0  100.0 9999.0  11.5
ZRes   =  9999.0    2.8    6.0    4.0    4.0    4.0    4.0 9999.0   86.6   86.6   86.6 9999.0 2828.0 ...  2828.0 2828.0 9999.0  138.6
Effi   =    0.00   1.00   1.00   1.00   1.00   1.00   1.00   0.00   1.00   1.00   1.00   0.00   1.00 ...    1.00   1.00   0.00  1.00
Thic   =    1.50   1.50   1.50   1.50   1.50   1.50   1.50   1.50   6.50   6.50   6.50   1.04   0.13 ...    0.13   0.13  13.46  6.50
The result is:
Pt(GeV)      =      2      4      6      8     10     15     20     30     40     50     60     70     80     90    100
dp/p(*1e3)   =   0.77   0.96   1.07   1.16   1.23   1.34   1.41   1.52   1.63   1.75   1.88   2.03   2.18   2.35   2.52
dp/p^2(*1e4) =   3.84   2.40   1.79   1.45   1.23   0.89   0.70   0.51   0.41   0.35   0.31   0.29   0.27   0.26   0.25
dd0          =   6.77   4.58   3.89   3.52   3.26   2.82   2.53   2.20   2.03   1.94   1.88   1.85   1.82   1.80   1.79
******************************
With DC, thita = 85degree, B = 3.0T, SIT outer = 600mm, DC = 1000-1800mm
Geometry set up according to file: ../geometry/DCVolume1000-1800.txt
The tot layers num of tracker is:  58
The support layers num is:   4
Layers =       0      1      2      3      4      5      6      7      8      9     10     11     12 ...      54     55     56  57
Radius =    14.5   16.0   18.0   37.0   39.0   58.0   60.0   65.0   80.0  538.0  996.0  998.0 1009.1 ...  1772.7 1790.9 1803.0 1811.0
RRes   =  9999.0    2.8    6.0    4.0    4.0    4.0    4.0 9999.0    7.2    7.2    7.2 9999.0  100.0 ...   100.0  100.0 9999.0  11.5
ZRes   =  9999.0    2.8    6.0    4.0    4.0    4.0    4.0 9999.0   86.6   86.6   86.6 9999.0 2828.0 ...  2828.0 2828.0 9999.0  138.6
Effi   =    0.00   1.00   1.00   1.00   1.00   1.00   1.00   0.00   1.00   1.00   1.00   0.00   1.00 ...    1.00   1.00   0.00  1.00
Thic   =    1.50   1.50   1.50   1.50   1.50   1.50   1.50   1.50   6.50   6.50   6.50   1.04   0.13 ...    0.13   0.13  13.46  6.50
The result is:
Pt(GeV)      =      2      4      6      8     10     15     20     30     40     50     60     70     80     90    100
dp/p(*1e3)   =   0.83   1.06   1.17   1.24   1.28   1.35   1.40   1.49   1.60   1.72   1.87   2.02   2.18   2.35   2.53
dp/p^2(*1e4) =   4.13   2.65   1.95   1.55   1.28   0.90   0.70   0.50   0.40   0.34   0.31   0.29   0.27   0.26   0.25
dd0          =   6.77   4.58   3.90   3.53   3.27   2.83   2.54   2.20   2.03   1.93   1.88   1.84   1.81   1.80   1.78
All compeleted
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