
Science Chamber Electrode 
Simulation



Cell designs



Disc design
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Cylinder design
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Modeling

● for each of 16 electrodes, put 1V and zero the rest
● record field distribution for N=545 points 
● z-plane with (x, y) in [-0.5, 0.5]mm 
● Matrix A[3, N, 16]

○ E_induced_x = A[0] V_electrodes
○ E_induced_y = A[1] V_electrodes
○ E_induced_z = A[2] V_electrodes

● calculate target field based on noise model
● Least squares to obtain best fit
● minimizes electric field norm-squared averaged over each point
● Disclaimer: rounding error can lead to symmetry-breaking
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Electrode labeling



Noise modeling

- Point charge on chamber boundary
- Chamber: radius 1.5in, height 1.25 in 

- r=38.1mm, h=30.16mm



(x, y, z)=(38.1, 0, 0)



(x, y, z)=(0, 38.1, 0)



(x, y, z)=(0, 0, 15.08)



(x, y, z)=(33, 19.05, 15.08) 30-degrees



Cylinder takeaways

- Middle 8 electrodes are barely activated
- Octupole configuration minimizes field deviation

- Voltage requirement: z > x > y



(x, y, z)=(38.1, 0, 0)



(x, y, z)=(0, 38.1, 0)



(x, y, z)=(0, 38.1, 0)



(x, y, z)=(0, 38.1, 0)(x, y, z)=(33, 19.05, 15.08) 30-degrees



Disc takeaways

- 16 electrodes evenly activated
- 16-pole configuration minimizes field deviation

- Voltage requirement: z >> x = y
- More symmetry x~y, but larger voltage for z



Quantitative analysis 

- Quarter-circle on chamber surface
- |E_target - E_fit| / |E_target|.mean()
- High-error cases are concentrated at x=y=0



Quantitative analysis 

- Quarter-circle on side surface
- More uniform distribution of error
- Greater height, lower error (cylinder: ~perfect compensation for large theta)



Verdict? 

- Disc performs quantitatively better than cylinder
- How much do we care about the margin?

- Disc > 16-cylinder >= 8-cylinder



Electrode Simulation 
updates

11.12.23



New quantitative analysis
- Stray charge on the cylinder cap only

- the other error region <10% error
- Avg of max: how the worst charge affects the plane
- Max of max: how the worst charge affects the worst position

Field (V/m) 
per 1 pC

Disc 16-rod 8-rod

Avg of avg 1.96e-5 1.99e-5 8.17e-5

Max of avg 2.54e-4 2.54e-4 9.86e-4

Avg of max 9.73e-5 1.32e-4 1.91e-4

Max of max 1.24e-3 1.70e-3 1.81e-3


