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Introduction
‣  Motivation
•  Building a standalone offline analysis framework for CEPC vertex detector TaiChu pixel chip test beam

•  Track reconstruction

no magnetic 
straight line fit  
no considering multi-scattering currently

•  Track alignment

Residual: distance of measured hit with the intersection point of 
track in the measured chip 

correction for the misalign chip position 
misalignment effects the resolution of detector 
find the solution of real geometry for global tracks based on global    χ2

‣  TaiChu silicon pixel detector
•  Pixel size: 25 um

•  Theoretical resolution: 25um/sqrt(12) ~ 7.22 um

•  The experimental resolution should be better than 
theoretical resolution due to charge sharing
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Track reconstruction

‣  Steps for track finding and reconstruction
•  Finding hits in every chip with same time stamp of FPGA (+/- 1)

•  Forming adjacent hits into a cluster 

•  No considering multiple clusters on one chip for one track currently

‣  Setup
•  6 layer chips

•  4cm between each other

•  electron beam energy 3-6 GeV

•  One of the chips is the detector under test (dut), the others are the telescope

‣  Track fitting

•  least squares line fitting
 x = a1z + b1;  
 y = a2z + b2; 
 Chi2 definition:                                       , sigmax = sigmay = 25um/sqrt(12) 
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Track alignment

Beam direction

‣  Method - millepede matrix method

•  minimize:                              , r is residual                   , V is the covariance matrix
p: alignment parameters, q: track parameters

•  invert the Matrix C to find alignment correction 

•  reduce matrix C for alignment only

Δp

•  Matrix S with smaller size than C, and C22 is easy to invert

‣  Six alignment parameters considered
•  Translation along X, Y, Z direction

•  Rotation around X, Y, Z axis 4



‣  Residual plots before and after alignment (4GeV)

Before alignment After alignment After alignment
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Residual: distance of measured hit with the intersection point of track in the measured chip  
definition:                                      , n = 5, sigmax = sigmay = 25um/sqrt(12) χ2

•  The misalignment 
can be well corrected.


•  The spatial resolution 
can reach < 5 


•  


•  

μm
σ2

meas = σ2
DUT + σ2

tel

σDUT ≈ 0.91σmeas

σDUT = 4.41μm σDUT = 3.65μm

σDUT = 4.63μm σDUT = 3.79μm
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•  Board2 with modified 
technology has a larger 
depletion layer than Board5 
with standard technology


•  In general, the higher the 
threshold, the smaller the 
cluster size

‣  Cluster size vs. chip threshold (4GeV) 

Lower threshold

•  If lowering the threshold, 
cluster size will be dominated 
by cluster with 2 hit
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•  Board2 with modified technology has a larger depletion layer than Board5 with standard technology

•  In general, the higher the threshold, the worse the resolution

‣  Spatial resolution vs. chip threshold (4GeV) 



‣  Spatial resolution vs. chip threshold (4GeV) [Comparison of Clustersize = 1 and Clustersize > = 1]
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ClusterSize == 1 ClusterSize >= 1

•  Board2 with modified technology has a 
larger depletion layer than Board5 with 
standard technology


•  ClusterSize = 1, only one hit in every 
cluster of every track (small statistics)


•  ClusterSize >= 1, no cut on cluster size

•  

• Only when the modified chip2 threshold 
is equal to 16 (minimum threshold), the 
resolution of single hit is better than the 
resolution of multi-hit


χ2 < 8
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Summary
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‣  The offline analysis framework can work well for CEPC vertex detector testbeam data 

‣  The spatial resolution can < 5 , satisfying MOST2 project index 

‣  Next to do:

μm

•  analyse more test beam data (different beam energy, the resolution of different region of chip...)

•  consider the multi-scattering effects using Kalman fitter



Backup
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Efficiency




