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Ferrites analysis for the AC-Dipole magnet



Mu2e Experiment

9/25/2019 Corrado Comino | Summer Internship Final Presentation2

AC - Dipole

The first part of mu2e experiment needs a low 
noise pulsed proton beam:  AC – Dipole magnet
is made to satisfy this requirement.



B
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q AC- Dipole magnet is made 
by a row of bricks of ferrite 
(ferromagnetic material)

q Coil: single turn of copper
tube

q Periodic magnetic field
induced by the current
through the tube

q AC-Dipole magnet steers the 
beam periodically to a 
collimator (a small opening)

AC-Dipole magnet



AC-Dipole magnet
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Cross section Top view



Magnetic Permeability
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𝜇 = 𝜇’ - j𝜇”

The magnetic permeability  is the measure of the ability of a 
material to support the formation of a magnetic field within itself.

𝑩 = 𝜇𝑯
While at low frequencies this is a linear relationship, at high 
frequencies there is a phase delay between B and H. 
Writing as a phasors: 

𝑩 = 𝐵!𝑒"#$ 𝑯 = 𝐻!𝑒"(#$ & ')

The phase displacement is the responsible of losses. The imaginary 
part of the magnetic permeability takes account of this 
phenomenon:



Issues
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q CMD10: high resistivity
and low losses ferrite

q Different batches have
different behaviour of 
ferrites

q Factory data don’t fit 
the measures (fornitors 
use a small ring to 
evaluate 𝜇)

q 𝜇 ∝ 𝐵, 𝑓



Ferrites Parameters
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q Low excitation
permeability 𝜇

q Low excitation quality 
factor Q

q Quality Factor at 1000 
Gauss

Q = )$*+,- ,.,+/0
,.,+/0 1*))

Mostly interested in losses



Work steps
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q Measure ferrites

q Model the magnetic 
permeability 𝜇 of 
bricks

q Define acceptability 
boundaries for brick’s 
power loss and 
magnetic field



Measurement Circuit
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q Dipole Mode vs Toroidal 
Mode

q Toroidal Mode (no gap 
measure) to obtain 
measures to model

q Dipole Mode to verify 
the model 𝜇



Measurement Circuit
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q Capacitors to obtain 
resonance with ferrites 

q Measures taken in 
resonant condition 

q Imeas current inducing 
the magnetic field

q Vmeas voltage at the 
ferrite terminals

q Iloss current producing
power loss



Measures
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Vmeas

Imeas

Iloss



Measures
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Model 𝜇
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q COMSOL Multiphysics

q Design of ferrite bricks

q Simulation of magnetic 
field within the brick
varying current through
the coil 



Model 𝜇
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q Iterative method: 
modelling 𝜇’ and 𝜇’’ in 
order to fit measures

q Small measures steps to 
finely track the 
magnetic permeability 
behaviour

q Increasing 𝜇’, magnetic 
flux increases

q Increasing 𝜇’’, power 
loss increases

Low excitation 
(𝐵234 200G)

𝜇’ and 𝜇’’ until 
200G (almost 

constant)

Slowly increasing B

Refine 𝜇’ and 𝜇’’ to 
fit the measures



Resulting Model
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q The maximum magnetic 
field measured is 2700G 
(equal to 0.27 T)

q 𝜇’ modelled with a linear 
function of B under 𝐵234

q 𝜇’’ modelled with a 
quadratic function of B 
under 𝐵234

q These models fit magnetic 
field and losses measures 
with less than 10% of error



Using the model
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q Fringe Effect evaluation

q Dipole Mode behaviour
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Thank you for your attention


