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Vfj vs Current
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Current “noise” vs time 
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Current “noise” vs time 
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yet to be understood 
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First attempt at modelling
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𝑣𝑐𝑖𝑟𝑐𝑢𝑖𝑡 = 𝑅𝑐𝑖 + 𝐿
𝑑𝑖

𝑑𝑡
+ 𝑣𝑛

𝑣𝑐𝑖𝑟𝑐𝑢𝑖𝑡 = 𝑅𝑐𝑖 + 𝐿
𝑑𝑖

𝑑𝑡
+
𝑑𝐿

𝑑𝑡
𝑖

𝑣𝑐𝑖𝑟𝑐𝑢𝑖𝑡 = 𝑅𝑐𝑖 + 𝑣𝑚𝑎𝑔𝑛𝑒𝑡

Voltage 

Perturbation 

Model

Inductance 

“Loss” 

Model
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 Flux “jumps” because somehow inductance is lost
 Inductance “losses” are small (~1 × 10−4 a.k.a 1 𝑢𝑛𝑖𝑡)

 Inductance decreases very fast so 
𝑑𝐿

𝑑𝑡
𝑖 is not negligible

 Preliminary simulation work:
 Inductance jumps at random instants

 Dependence on current is not considered yet (jumps occur all the time)

 Amplitude of 
𝑑𝐿

𝑑𝑡
𝑖 is tuned to be roughly constant

 Observed “flux jumps” signals are bipolar (differential between coils)

 … but voltage on the magnet can only go down as  
𝑑𝐿

𝑑𝑡
𝑖 < 0

 Amplitude of the flux jumps roughly matches the observed one

 Spectrum of the flux jumps matches observations only in high freq

 Amplitude and Spectrum can be tuned but only by trial and error 
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 Voltage Perturbation vs Inductance “Loss” models

 Voltage Loop helps with Voltage Perturbation model

 Voltage Loop changes nothing with Inductance “Loss” 

model
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𝑣𝑐𝑖𝑟𝑐𝑢𝑖𝑡 = 𝑅𝑐𝑖 + 𝐿
𝑑𝑖

𝑑𝑡
+
𝑑𝐿

𝑑𝑡
𝑖
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𝜎 = 13.49 𝑚𝑉

𝜎 = 13.52 𝑚𝑉
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𝜎 = 27.07 mV
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𝜎 = 6.4551 𝑝𝑝𝑚
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Error “drift” and offset are 
simulation artifacts  

𝜎 = 0.014 ppm

𝑝𝑘 − 𝑝𝑘 < 0.1 ppm
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𝑣𝑐𝑖𝑟𝑐𝑢𝑖𝑡 = 𝑅𝑐𝑖 + 𝐿
𝑑𝑖

𝑑𝑡
+ 𝑣𝑛
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𝜎 = 3.05 mV
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𝜎 = 2.5731 ppm
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Voltage Perturbation Model – Open Voltage Loop
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𝜎 = 21.33 mV



Voltage Perturbation Model – Open Voltage Loop

Michele Martino 51

𝜎 = 7.1990 ppm
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Full 11T proto
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MBHB11T
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Aperture “1” Aperture “2”

𝜎 = 6.14 mV𝜎 = 4.70 mV
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Aperture “1” Aperture “2”

Magnet Voltage
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Aperture “1” Aperture “2”

Magnet Voltage
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Aperture “1” Aperture “2”
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Aperture “2”

Aperture “1”
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Flux-Jumps “Spectral Signature” – Closed loop 
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Harmonic + LP filter applied (stop band 200 Hz)
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Previous available data – Full 11T proto

Michele Martino 65



MBHB11T

Michele Martino 66

Aperture “1” Aperture “2”

𝜎 = 6.14 mV𝜎 = 4.70 mV
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Aperture “1” Aperture “2”

Magnet Voltage
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Aperture “1” Aperture “2”

Magnet Voltage
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Aperture “1” Aperture “2”
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Aperture “2”

Aperture “1”
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Previous available data – Half Magnet “107”- Short
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