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Abstract

We have developed a NMR standard probe using a spherical pure water sample of 1cm diameter to determine the
absolute magnetic field B in terms of the free-proton NMR frequency f, with an accuracy of 3.4 x 107%, OQur standard
probe can be used conveniently to calibrate other probes in the field range from 1.45 to 1.7 T and can readily be employed
over a much wider field range. The probe design and the tests carried out to verify its precision and accuracy are presented.

1. Introduction

Many experiments in metrology, atomic, nuclear and par-
ticle physics require an accurate determination of the spin
precession frequency f, of a free-proton in a magnetic flux
density B

f=(2)s. ()

where 7, is the free-proton gyromagnetic ratio. In two
high-precision experiments currently in progress — the
Brookhaven National Laboratory (BNL) muon g-2
experiment [1-3] and the Los Alamos (LAMPF) muonium
ground-state spectroscopy experiment [4-6], the nuclear
magnetic resonance (NMR) signals of protons in water
samples are used for the magnetic field measurement [7].
In these experiments f; has to be measured to an accuracy
of 0.1 ppm, and hence, diamagnetic shielding of the pro-
tons in the sample and the susceptibility of the materials
used for the NMR probes are important. The accuracy of
the magnetic field value determined by Eq. (1) is currently
limited by the knowledge of the proton gyromagnetic ra-
tio (0.3ppm) [8] in this work. In the latest CERN g-2
experiment corrections were applied to a standard probe
which was then compared to the measurement probes used
in the experiment and a calibration error of 0.6 ppm was
quoted [9,10]. In the latest muonium precision spectroscopy
experiment at LAMPF [11] the calibration error of the
NMR probes was 0.3 ppm.
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In a macroscopic substance containing protons, the mag-
netic field at the location of a proton B, differs from the
applied field B by an overall correction factor J;,

By=(1—68)B. 2)

For a NMR probe with a water sample, the following effects
contribute to J;: (1) Internal diamagnetic shielding in the
water molecule, o(H20), which depends slightly on tem-
perature. (2) Bulk diamagnetism of the water sample which
gives a contribution &, depending on the shape of the sam-
ple. (3) Paramagnetic impurities in the water sample, &. (4)
Paramagnetic and diamagnetic materials in the probe struc-
ture, ds. Hence

5(:G(H20)+5b +5p + Gs. (3)

The dominant contribution to &; is the internal diamag-
netic shielding o(H20). For an atom or molecule the dia-
magnetic shielding arises from the Larmor precession of the
electrons induced by the applied magnetic field B. For a hy-
drogen atom in its ground 1S state the shielding constant
has been calculated [15,16] to be

o(H)—— (1 _1m3+da,

AR ) 17.733 x 107° )
where o is the fine structure constant, m is the electron
mass, M is the proton mass, and a, is the proton magnetic
moment anomaly. For a water molecule ¢(H,0) cannot be
calculated accurately, but it has been determined from an
experiment which compared the NMR frequency of a spher-
ical pure water sample with the oscillation frequency of a
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