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: Penning traps are used to store charged particles for Why cold ions?
2. ’ fundamental research e.q. in the following applications: _ Smaller relativistic shifts
9 y -Mass m.easurements [1] - Less influence from field imperfections due to -IE
= ¢ Magnetic moment measurements [2, 3, 4] smaller oscillation amplitude 3
<L ' Quantum technology [5] - Smaller thermal phase space volume -> Higher =
> 0 Efficient particle cooling is essential to all of these orecision frequency determination =
== 0 experiments. A new technique uses an electron plasma stored ol
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O : macroscopically distant Penning trap down to very low é': i'.Sl\flg:zé:teatl;lfr,‘\lyast’sreev";;t;;;g?(’z%i?m 201y o
z N temperatu res. 4] C. Smorra, et al., Nature, 550, 371 (2017) E
, This promises significant improvements in precision. 5] Bruzewicz, C. D. etal, Appl. Phys. Rev. 6, 021314 (2019) IC_)
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CIE 1. Cyclotron cooling 2. Sideband coupling 3. Coupling toion
> s - Upto 103 electrons are stored A quadrupolar RF-field at =V, -V, - A single highly charged ion is stored in a separate Penning trap.
—= 0 inadedicated Penning trap. couples and thermalizes the axial mode | - Interconnecting certain electrodes leads to coupling of the electron-axial
—l 0 - Dueto their very high cyclotron | of the electrons with their well cooled and ion-cyclotron motion due to induced image currents.
8 " frequency of approx. 195 GHz at | cyclotron mode. - Potential depth of electron trap can be tuned so that v, of electrons
" B,=7T, their cyclotron modes v precisely math v, of ion.
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cyclotron radiation. | 1 jon = 0.0 mK
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NEW PENNING-TRAP EXPERIMENT NEW SIMULATION FRAMEWORK

ithub.com/jherkenhoff/Penning.jl
- Dedicated to realizing electron cooling 1\ /Y 7\ R/ I) E/Iotivatiow /] / g-]

- Optimized for rapid design iterations -_— - Simulating the electron-cooling technique from first principles.
- Experimental chamber can be easily P— Feat
s — - eatures:

accessed by sliding out to the right o ,
- Symplectic integration

- Integrated circuit simulator Written entirely in
/T Magnetx
Trap chamber

- N Body simulations with interactions
- Multiple interconnected Penning traps
- Arbitrary excitation fields

Example studies:
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