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The limit of standard deviation
■ Spatial resolution: charge distribution in pixels 
■Upper limit standard deviation: binary readout 
■Estimate limit for a single pixel hit is pitch/sqrt(12)
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Simulation
■ 1 layer pixel detector with different pixel size 
■ Source position: 39 mm away from detector 
                              uniformly smeared by the pixel dimension 
■ 20 GeV muons 
■Angle: 
               1 mrad smear 
■ Bichsel model 
■Diffusion length: 2.5um/300 um 
                               (1V/um, 263K)
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0 <η < 2, 0 <ϕ < 50!
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Simulate a new event with Bichsel model

Digitize the event with a binary readout

check if an identical cluster 
shape has already occurred

Add the entrance point 
into the X and Y 

histogram of this shape

Create a new cluster shape in 
the collection and store X and 

Y in this shape

YesNo

Is number of events enough?No
Yes

End
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Shape Collection: 
shape1: Histogram X&Y            
shape2: Histogram X&Y            

shapeN: Histogram X&Y           

……
Shapes that have no more than 
10 entries do not contribute!
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Better spatial resolution
1. More # shapes 
2. Evenly occurrence probability of shapes 
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Oscillation and boundaries
■ For any    : 1 or 2 possible length in Y (without diffusion) 
■Most probable length(MPL): the length that occurs the most 
■Low Prob(MPL): events are divided more evenly into 

different shapes
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sensor:
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Length=2 
Prob=1
Length=1 or 2 
Prob=0.5

50 × 50 ×150um3 ϕ = 0!

Y



Effects of the perpendicular direction
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1st peak 2nd peak 3rd peak

1st valley 2nd valley 3rd valley

Information from X 

improves stdy
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Better spatial resolution
1. More # shapes 
2. Evenly occurrence probability of shapes  
Prob(most probable shape) 
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Different pixel size

■ For larger eta, the probability of losing the head and tail pixels is 
large 
■Distance between two collisions will be larger than the pixel size

13



Summary
■ Standard deviation of the binary readout is highly related 

with the cluster shape. 
■ Stdy(x) oscillates with respect to    (   ), but between two 

boundaries. 
■ Stdy(x) always improves with    (  ) —— the perpendicular 

angle. 
■More work needed for stdy(x) of different module size.
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Thank You!
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