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Non-linear (Poisson) beam position reconstruction

kx and ky deviation from linear regime (CHESS-U chamber):

Jim S. 2018.09.07
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Non-linear (Poisson) beam position reconstruction

x and y deviation from linear regime (CHESS-U chamber):

Jim S. 2018.09.07



Antoine Chapelain 20 juin 2014               4CBPM3 developmentAntoine Chapelain, Cornell U. Jan 29, 2021               4

Poisson look-up table

Look-up table containing the non-linear response of button 1 as a function of 

static charge position (x,y)
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CESRV Fortran routines

Lots of routines, and many lines of code
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CESRV Fortran routines

Question marks regarding what the code does and how/why, e.g.:



Antoine Chapelain 20 juin 2014               7CBPM3 developmentAntoine Chapelain, Cornell U. Jan 29, 2021               7

Python non-linear code

Instead of copying/porting Fortran code: write Python code from “first principles” 

hoping for clearer, shorter, faster code

The procedure is understood:

✗ fetch button 1 look-up table and create tables for button 2, 3, 4 via reflections

✗ apply normalization to look-up tables

✗ generate fine map interpolating tables

✗ minimize merit function to find (x,y) corresponding to measured b1, b2, b3, b4
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Look-up tables: fetch b1

Read-in and plot bpm_chessu_xyp.txt button 1 response:
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Look-up tables: reflect b1 → b2, b3, b4
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Button 1 before normalization
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Button 1 after normalization
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2D Interpolation

Quintic (order 5) 2D interpolation:
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Minimization to extract (x,y)

The goal is to match normalized measured amplitudes to normalized look-up table 

amplitudes to extract best (x,y). One merit function to minimize can be:

Sum of square is required to avoid cancellation between different buttons as we 

want to minimize the difference between measured/look-up for all the buttons. The 

overall square root is used to go back to the “natural” unit of button amplitude.

sum over 4 buttons

measured ith 
button amplitude

2D interpolation of 
look-up table

two unknowns
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A technicality

No need to create the map for buttons 2, 3 and 4 → can use the interpolated map 

from button 1 to do it all and simplify the code:

It was checked that using only button 1’s map versus using all the maps yield the 

exact same results (as expected)



Exact solution as initial guess
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Minimization to extract (x,y)

Case 1:

✗ initial guess = exact (x, y) solutions

✗ bound minimization to entire 2D space (x),(y)=(-0.02,0.02),(-0.008,0.008)

✗ default minimizer configurations
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Minimization to extract (x,y)

Case 1:
bpm_chessu_xyp.txt

https://accserv.lepp.cornell.edu/cgi-bin/view.cgi/CESR/CESR_instr/nonlin_bpm/nonlin_bpm_resource/bpm_chessu_xyp.txt?view=log
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Minimization to extract (x,y)

Case 2:

✗ initial guess = exact (x, y) solutions * 1.1 (i.e. +10% offset)

✗ bound minimization to entire 2D space (x),(y)=(-0.02,0.02),(-0.008,0.008)

✗ default minimizer configurations
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Minimization to extract (x,y)

Case 2:
bpm_chessu_xyp.txt

https://accserv.lepp.cornell.edu/cgi-bin/view.cgi/CESR/CESR_instr/nonlin_bpm/nonlin_bpm_resource/bpm_chessu_xyp.txt?view=log
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Minimization to extract (x,y)

Case 3:

✗ initial guess = exact (x, y) solutions * 1.3 (i.e. +30% offset)

✗ bound minimization to entire 2D space (x),(y)=(-0.02,0.02),(-0.008,0.008)

✗ default minimizer configurations
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Minimization to extract (x,y)

Case 3:
bpm_chessu_xyp.txt

https://accserv.lepp.cornell.edu/cgi-bin/view.cgi/CESR/CESR_instr/nonlin_bpm/nonlin_bpm_resource/bpm_chessu_xyp.txt?view=log


kx, ky as initial guess
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Minimization to extract (x,y)

Case 4:

✗ initial guess = positions computed using kx=0.0102 m and ky=0.0104 m

✗ bound minimization to entire 2D space (x),(y)=(-0.02,0.02),(-0.008,0.008)

✗ default minimizer configurations
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Minimization to extract (x,y)

Case 4:
bpm_chessu_xyp.txt

https://accserv.lepp.cornell.edu/cgi-bin/view.cgi/CESR/CESR_instr/nonlin_bpm/nonlin_bpm_resource/bpm_chessu_xyp.txt?view=log


Initial guess from look-up table
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Minimization to extract (x,y)

Case 5:

✗ initial guess = minimize merit function using raw look-up table

✗ bound minimization to entire 2D space (x),(y)=(-0.02,0.02),(-0.008,0.008)

✗ default minimizer configurations
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Minimization to extract (x,y)

Case 5:
bpm_chessu_xyp.txt

https://accserv.lepp.cornell.edu/cgi-bin/view.cgi/CESR/CESR_instr/nonlin_bpm/nonlin_bpm_resource/bpm_chessu_xyp.txt?view=log


New merit function
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New merit function

The current merit function could be struggling with equipotentials at large 

excursion since it deals with absolute differences:
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New merit function

Let’s say button 1 (bottom left) reads a relative amplitude of about 0.75. There is 

an equipotential on button 1’s map allowing for many (x, y) pairs

Button 3 (top left) constrains a bit the equipotential as its relative amplitude along 

the line varies from 0 to 0.2

Button 2 and 4 reads amplitude of about 0 and therefore any deviation from the 

true (x, y) will yield small absolute differences since dealing with small numbers → 

do not help the merit function much

An alternative merit function is to use relative differences so each button can 

contribute significantly:
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Minimization to extract (x,y)

Case 6:

✗ initial guess = minimize merit function using raw look-up table

✗ bound minimization to entire 2D space (x),(y)=(-0.02,0.02),(-0.008,0.008)

✗ default minimizer configurations
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Minimization to extract (x,y)

Case 6:
bpm_chessu_xyp.txt

https://accserv.lepp.cornell.edu/cgi-bin/view.cgi/CESR/CESR_instr/nonlin_bpm/nonlin_bpm_resource/bpm_chessu_xyp.txt?view=log
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Minimization to extract (x,y)

Case 6:
bpm_chessu_xyp.txt

https://accserv.lepp.cornell.edu/cgi-bin/view.cgi/CESR/CESR_instr/nonlin_bpm/nonlin_bpm_resource/bpm_chessu_xyp.txt?view=log
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Minimization to extract (x,y)

Case 7:

✗ initial guess = minimize merit function using raw look-up table

✗ bound minimization to entire 2D space (x),(y)=(-0.02,0.02),(-0.008,0.008)

✗ tweaked minimizer configurations
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Minimization to extract (x,y)

Case 7:
bpm_chessu_xyp.txt

https://accserv.lepp.cornell.edu/cgi-bin/view.cgi/CESR/CESR_instr/nonlin_bpm/nonlin_bpm_resource/bpm_chessu_xyp.txt?view=log
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Minimization to extract (x,y)

Case 7:
bpm_chessu_xyp.txt

https://accserv.lepp.cornell.edu/cgi-bin/view.cgi/CESR/CESR_instr/nonlin_bpm/nonlin_bpm_resource/bpm_chessu_xyp.txt?view=log
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Minimization to extract (x,y)

Case 7:
bpm_arc_xyp.txt
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Minimization to extract (x,y)

Case 7:
bpm_arc_xyp.txt
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Where do we go from here?

I am not aware of performance/closure test done with CESRV code. Do we know 

how accurate it is?

What “theoretical” accuracy do we need in reconstructing x and y? In practice, 

experimental limitations will drive the reconstruction accuracy

Do we want to estimate “experimental” accuracy plugging in experimental errors?

Should we launch the following closure test campaign?

✗ draw amplitudes directly from Poisson 

✗ plug them (with experimental errors?) into CESRV and Python codes

✗ compare results 

Drawing directly from Poisson will by-pass the closed-loop of using the 

interpolated look-up table for both generation and reconstruction (which does not 

test the accuracy of the interpolated look-up table approach)



Additional materials
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