Electromagnetic simulations of
the He6-CRES RF system

Luciano Malavasi
Dr. Nick Buzinsky
Dr. Alejandro Garcia

UNIVERSITY of WASHINGTON



Beta decay, a historic physics laboratory
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Beta decay: new physics?
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Beta decay: new physics?
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Beta decay: new physics?
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CRES: a new way to measure (3 energy

Cyclotron Radiation Emission Spectroscopy
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CRES: a new way to measure (3 energy

Cyclotron Radiation Emission Spectroscopy

— Spontaneous (3 decay
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CRES: a new way to measure (3 energy

Cyclotron Radiation Emission Spectroscopy

Cyclotron motion
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CRES: a new way to measure 8 energy ‘)\‘Q.““ A

B
“Never measure
f anything but frequency!”
U U U 0 - Arthur Schawlow

|

Measuring
neutrino mass!

narrow-band

2
qBc B energy measurement
— ~ 18-20 GHz (RF
fo 9 (RF) from frequency! broad-band
Advantages: Disadvantages:
e Avoid material losses Low power
(backscattering, 2 e2w2p?
bremsstrahlung) P o 3 23
e Resolution determined by FFT © Probing fundamental
~ O(10 W) symmetries!
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Frequency - 17.9 GHz (MHz)

CRES events look like frequency sweeps in time
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Interlude I: Important waveguide concepts
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The issue: frequency dependent SNR oscillations

New phase 2 RF
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Modeling reflections with Markov chains
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Fabry-Perot Fabry-Perot Reflectivities r_
Phase distances ¢_

(freq. dependence)

Ri‘J is the transition probability between states i and j after k steps

Overall transition probability from geometric series: Z RF=(I-R)™!

k=0
From Nick Buzinsky 17



Modeling reflections with Markov chains
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Circular-to-linear polarizer

(b) Right-circular polarization

(Reverse-engineered)
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Circular-to-linear polarizer
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Circular to rectangular waveguide adapter
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Interlude II: S-parameters
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Used to measure reflections and transmissions
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Interlude II: n-port S-parameter generalization
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S : how much an incident wave at port j contributes to a wave leaving port i
Used to measure reflections and transmissions

S.: reflection at port i
S transmission from j to i,
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Polarizer and taper reflections
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Polarizer and taper transmission
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Transmitting/reflecting circularly polarized waves
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Magnitude (dB)

Terminator that doesn’t terminate in simulation
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Project summary

*
*

Big picture: explain observed SNR oscillations in CRES data
Smaller goal: FEM simulation of waveguide components in RF system

Developed parametrized & tunable models of polarizer,
circular-to-rectangular transition, kapton windows

Explored chaining S-parameters of individual components and
compared to numerical results, reducing simulation load

Future work: simulating terminator and comparing to measurements
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Extra slides
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Other open questions in He6-CRES

Tracks from below

Sidebands

Scattering and vacuum quality
Event reconstruction algorithms
Beta monitor stability

Unknown mass 19 signature

Discrepancy between run 1 and 2 data
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Interlude II: 2-port networks, z-parameters

General two-port network
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