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Towards the ultimate precision frontier

Most precise theory/experiment comparison ever made!
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theory:
experiment:



Experimental setup
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single electronconfined in trap
magnetic fieldconfines electronin radial direction
electric fieldconfines electronin z direction

measure

No need to precisely measure magnetic field



Cavity effect
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Radiated photons interact with the boundary



Cavity effect
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Photon frequency must correspond to a cavity mode

allowed frequencies becomeapproximately continuous, so canbe approximated as free space
electron is localized to the center,so it can only distinguish betweenmodes when the cavity is small



Cavity effect
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Dimensional analysis:

That’s the level of precision of the latest experimentbeing performed at Northwestern!



What to calculate
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measure

affectedby cavity
current experimental resultfor g − 2 uses a classical
E&M calculation of this, butthere is no robust way toclassically handle theelectron self-energy



Two ways to calculate cavity corrections:
Relativistic Feynman diagram

Non-relativistic old-fashioned perturbation theory
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Connecting relativistic theory to experiment

Poles of propagators define energy levels:
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Weinberg Vol. 1, Chap. 14.2

𝜔𝑐,0 = 𝑒𝐵/𝑚



Connecting relativistic theory to experiment

Quantum corrections shift energy levels:
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Weinberg Vol. 1, Chap. 14.2

𝛥𝜔𝑐 = 𝛿𝐸1 − 𝛿𝐸0

𝜔𝑐 = 𝜔𝑐,0 + 𝛥𝜔𝑐



Cavity shift from relativistic theory
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Weinberg Vol. 1, Chap. 14.2

electron propagator ismodified in external field

photon interacts withboundary



Cavity shift from relativistic theory
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mode numbers polarization (TE or TM)

mode functions dependon cavity geometry
Coulomb-gauge photon propagator:



Cavity shift from relativistic theory
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mode numbers polarization (TE or TM)

mode functions dependon cavity geometry
Coulomb-gauge photon propagator:

Schwinger propagator for electron in a constant B-field:

gauge-dependent phase factor Kuznetsov/Mikheev Chap. 3.1



Connecting non-relativistic theory to experiment

Classical Hamiltonian defines energy levels:
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Itzykson/Zuber, Chap. 7.3.2

𝜔𝑐,0 = 𝑒𝐵/𝑚



Connecting relativistic theory to experiment

Quantum corrections shift energy levels:
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Itzykson/Zuber, Chap. 7.3.2

𝛥𝜔𝑐 = 𝛿𝐸1 − 𝛿𝐸0

𝜔𝑐 = 𝜔𝑐,0 + 𝛥𝜔𝑐



Non-relativistic second-order perturbation theory
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polarization (TE or TM)
mode numbers intermediate electron states

photon modes dependon cavity geometry
creates or destroysexactly one photon



Preliminary: Result from non-relativistic calculation
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spontaneous emissionis possible

𝜔𝑐 = 𝜔𝑐,0 + 𝛥𝜔𝑐

need to renormalize toremove cut-off dependence photon mode functionsand frequencies(dependent on cavity geometry)



Cavity:

Free space:

Preliminary: Renormalizing by subtracting free space
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can be doneanalytically

must do numerically,but cutoff is arbitrarybecause allowedmodes becomeapproximatelycontinuous

𝜔𝑐 = 𝜔𝑐,0 + 𝛥𝜔𝑐

finite part is negligible, but infinite part cancels infinite part of cavity shift



Preliminary: Cavity correction to g − 2
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This is a detectable shift!

experimentalradius

cavity dimensionsradius = 4.5 mmheight = 7.8 mm

small-B limit



Future work: why do quantum and classical disagree?
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cavity dimensionsradius = 4.5 mmheight = 7.8 mm

cavityresonances



Future work: including Q factors

Quality factors adjust modes to account for imperfections in the cavity
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dependence on 𝑝 means the sum can
no longer be performed analytically



Conclusion

• The anomalous magnetic moment of the electron is the most preciselymeasured property of a fundamental particle
• The measurement is so precise that it is sensitive to the presence of the cavity
• We need a quantum way to calculate the cavity shift in order to robustly handlethe electron self-energy
• Eliminating the divergence is extremely subtle, and it is unclear whether thequantum calculation should agree with the classical method
• Q factors need to be included in order to account for cavity imperfections
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Free space (Coulomb gauge):

Cavity:

Backup:Boundary corrections to photon propagator
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integral becomessum over discretecavity modes
modes acquire complicateddependence on Bessel functions

polarization (TE or TM)mode numbers

electron propagator is modified inexternal field

photon interacts with boundary

depends oncavity geometry


