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g Abstract A

The Muon g-2 Experiment at Fermilab aims to measure the muon anomalous magnetic moment with a precision of 140 parts per billion (ppb). The collaboration has published the latest measurement based on the first three Runs (collected from 2018 to 2020) in
August 2023 with a precision of 200 ppb. The experiment accumulated three more years of data, from 2020 to 2023, which are currently being analyzed. This additional statistics is sufficient to achieve and possibly exceed the goal of 100 ppb of final statistical
uncertainty. As the statistical error gets reduced, increasing attention is dedicated to the study of the systematic uncertainties. Among them, one source is a magnetic transient generated by the fast kickers. In order to center the muon orbit into its final position in the
storage ring, a 120 ns magnetic pulse of ~240 G is issued by three kickers right after injection. This induces eddy currents in the kicker aluminum structure that last for several microseconds. To measure the 10 mG magnetic perturbations generated by the eddy
Qurrents, the INFN team developed a laser magnetometer based on the Faraday effect. This poster describes the technical principles, the operations, and the data analysis of this very sensitive device.

/ Introduction

The Muon g - 2 experiment (E989), based at Fermilab, has measured with an accuracy of 200 ppb the muon magnetic anomaly The experiment uses 3.1 GeV/c polarized muons produced by the

a, thus testing with high precision the Standard Model of Particle Physics. The measurement of the muon anomaly using a Fermilab Muon Campus. Muons are injected into a 7.112 m radius
storage ring relies on the spin precession and cyclotron motion of a charged particle orbiting in a uniform magnetic field. For a storage ring. Two key components of the storage ring are kicker
particle with momentum and spin vectors in a plane perpendicular to B, a classical calculation of the difference of these magnets, that direct the injected muons onto the central orbit of the
frequencies yields e e e storage ring, and electrostatic quadrupoles that provide vertical

Wa = Ws = We = Q%B - EB = aHaB focusing of the stored beam. The two fast switching storage ring

elements introduce transient corrections to the magnetic field that
have to be taken into proper account in order to reach the desired
precision in the final result.
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\\Thus the experiment relies on a precise measurement of the precession frequency w, and of the magnetic field B to extract a,

so that a,

The Kicker System

The Fermilab accelerator complex produces a polarized muon beam that enters the storage ring vacuum (SRV) through a superconducting inflector magnet that is aligned to the tangent of the ring. The inflector’s 8
interior aperture is displaced 77 mm from the central radius of the storage region. The muons are then moved into the nominal orbit by a series of three 1.27-m-long non-ferric aluminum kicker electromagnets that Ro| ko
are placed at an azimuthal distance of 11/2 with respect to the injection point. The magnets are pulsed with a ~ 4 kA current for a duration of ~ 120 ns, corresponding to the beam longitudinal width, to reduce the ring
magnetic field. The result of the localized perturbation moves muons onto stable orbits that facilitate a measurement of a. The use of non-ferric materials was explicitly selected to not affect the a, measurement,

K which is sensitive to magnetic field sources.
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The Magnetometer

Even if the strength of the kicker field alone is well known, its very fast rise and fall times induce eddy currents in all nearby metal, which in turn create additional magnetic fields whose strengths are difficult to predict. These fields can last on a time scale of
tens of us, thus persisting into the fit window of w,. Measuring such transient fields is difficult both because of their small amplitude and fast decay which requires a precision of ~ mG in the field amplitude and an apparatus response of ~ ys.
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Conclusions

In 2023/2024 we performed very successful magnetometer campaigns. We made many periscope improvements but them didn’t remove oscillations. Magnet scan plus QWP studies are now shining light on this puzzle — successful vibration cancellation.
Both kick and transient data show higher effects at outer radius (+22% kick, +90% transient at +17.5 mm). Analysis is toward completion. Rest to estimate the B, term and the systematics uncertainties.
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