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CBETA orbit prediction with NN
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All 108 correctors – All 127 beam position monitors prediction

1 Cavity – All 127 beam position monitors prediction

• Anyone can run pre-written lattice 
files to quickly get simulation data



BMAD model building at BNL (CeC)
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• Easy lattice creation for beamline

• Quickly obtain data for beam 
information (twiss function, beam 
size, emittance etc.)

• Conveniently generate simulated 
data to train machine learning 
algorithm



CeC emittance measurement in Bmad
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BMAD model building at BNL (AGS)
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• MAD-X to BMAD translation: much better interface with GUI, twiss function and orbit plots 
allow quick visual of lattice model (can be done very quickly with sequence files)

• Easy variable and datum definition → BMAD allows separate change of variables, many 
parameters defined with one variable in MAD-X



Note: difference in dispersion
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BMAD:  𝑧 = −𝛽 𝑠 𝑐∆𝑡 𝑠 , 𝑃! =
∆#
#!

MAD-X:  𝑧 = −𝑐∆𝑡 𝑠 , 𝑃! =
∆$
$!

Agree only when 𝛾 ≫ 1

𝛾 = 23.2𝛾 = 2.51



BMAD and PyTao: best tool for ML
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• Python interface: enable running simulations in Python scripts and Jupyter notebooks

• Get data with different control parameters in one go with for loops, without need to 
modify original lattice files

• Freedom to save data in any preferred form (i.e. combine into one huge data array 
and save in one file for easy fetch in the future)



BMAD and PyTao: best tool for ML

8

• Python command in Tao: 
output data in lists and 
arrays easy for python to 
handle
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Orbit Response vs. One Corrector in Bmad



Train Neural Network for AGS ORM
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Input 48 vertical corrector kick → Output 72 y orbit measured at BPM
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Ongoing: AGS Snakes
• Helix dipole + solenoid

• Before: use matrix file with closest 
gamma values → unphysical jumps in 
between

• Future: plan to use fieldmap files like in 
Zgoubi



Add snake fieldmaps: need optics tuning
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Ongoing: AGS ramping
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MAD-X: cmd line tool ‘Snapramp’ to produce lattice 
files and twiss results at different time stamps

• Creating script to do ramping in Bmad

• Complication: magnet kicks change 
with energy → Bmad doesn’t 
recalculate predefined polynomials

• Either: make ramper element for every 
magnet

• Or: create time stamp files and 
interpolate like MAD-X



Thanks!
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