-H Nuclear Instruments and Methods in Physics Research A 374 (1996) 118-126

s NUCLEAR
X )? INSTRUMENTS
L & METHODS

IN PHYSICS
RESEARCH
EI.SEVIER Section A
A high precision magnetometer based on pulsed NMR
. 1, : .
R. Prigl*"*, U. Haeberlen®, K. Jungmann®, G. zu Putlitz*, P. von Walter”
*Physikalisches Institut, Universitit Heidelberg, D-69120 Heidelberg, Germany
"Max Planck Institut fiir Medizimische Forschung, D-69120 Heidelberg, Germany
Received 27 December 1995
Abstract

A magnetometer based on pulsed proton magnetic resonance has been developed and constructed. The system will be
employed for an accurate measurement of the absolute magnetic field in the region of 1.45 T in a precision experiment on the
muon’s anomalous magnetic moment at the Brookhaven National Laboratory (BNL, USA), where a knowledge of the
magnetic field is required with 1 X 10 relative accuracy. The performance of the magnetometer has been tested in a large
bore superconducting magnet and a precision of one part in 10% was achieved.

1. Introduction

The method of nuclear magnetic resonance (NMR) has
been employed for measuring magnetic fields in many
precision experiments [1]. Due to its capability of de-
termining absolute field values, it is also commonly used
for the calibration of magnetic sensors which are based on
other physical principles such as, e.g., Hall plates [2]. The
high resolution of NMR magnetometers arises from the
sharp resonance lines observed in many liquid or gaseous
samples containing nuclei with nonzero spin. Even in some
solids, especially polymers, the residual dynamics of the
molecules can average out line broadening interactions to a
great extent. Thus commercial NMR magnetometers (e.g.,
Teslameter PT2025, Metrolab, Switzerland) with rubber
samples have resolutions in the sub-ppm range in magnetic
fields of the order of 1T. New precision experiments
currently in progress, however, require the knowledge of
the magnitude of magnetic fields to an accuracy one order
of magnitude beyond the capability of commercial instru-
ments. The magnetometer described in this article has been
developed to meet the specifications of the new experiment
AGS 821 at the Brookhaven National Laboratory (BNL),
Upton, New York, USA [3], which aims to improve the
experimental accuracy of the g-factor of the muon, respec-
tively its magnetic anomaly a, = (g, — 2)/2 by a factor of
20. This experiment has the potential of revealing contri-
butions to the magnetic anomaly a, from physics beyond
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the standard model. It requires the measurement of a
magnetic field of about 1.45 T in a storage ring of 7.112 m
radius inside the toroidal storage volume of radius p =
4.5cm [4] to a relative accuracy of 0.1 ppm. For online
field measurements, a repeatability of 5 parts in 10* must
be achieved to allow an error of the same size for the
calibration of the magnetometer. As the magnetic sus-
ceptibilities of dia- and weakly paramagnetic materials are
of the order 1 ppm, all objects in the vicinity of the storage
volume like the vacuum chamber and the detectors for the
decay electrons will inevitably change the magnetic field in
the region of interest by several ppm. For this reason, the
development of the field measurement system includes the
design of a compact, vacuum compatible version of the
magnetometer which is capable of measuring the magnetic
field in the storage region inside the vacuum chamber after
the complete assembly of the experiment.

The magnetometer presented here is based on pulsed
NMR [5,6]. The background of the pulsed NMR technique
will be discussed here only as far as it is relevant for the
construction of a magnetometer. Especially, we will re-
strict ourselves to the case of nuclei which carry spin

=1, like the proton. In an external field B, such a
nucleus can occupy two distinct eigenstates separated in
energy by

AE=tfw, . w, =B, M

where w, is the Larmor frequency, v, the gyromagnetic
ratio of the respective nucleus and # the Planck constant.
For a free proton, the gyromagnetic ratio is 7y, =2w
42.577469(13) MHz/T [7].

Despite the quantum mechanical nature of the NMR
effect, the time evolution of the signal observed in pulsed
NMR experiments can often be described by classical
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