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PRODUCED BY THE ORIENTED NUCLEI OF OPTICALLY PUMPED 'He GAS
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A new type of very sensitive low-field magnetometer is used to detect the static mag-
netic field produced by optically pumped 3He nuclei in a vapor. Various signals (pump-
ing and relaxation transients) are obtained in this way. This magnetostatic detection al-
lows a direct study of BHe nuclear polarization without perturbing the spins.

Sever al methods can be used for the detection
of nuclear magnetism: measurement of the in-
duced voltage in rf detection coils in a NMR ex-
periment, ' detection of various optical signals in
an optical pumping experiment, ~ etc. A very di-
rect method would be the detection of the static
magnetic field produced by oriented nuclei. For
solid samples, the density of spins is large but
the polarization at thermal equilibrium is gener-
ally very small. For gases, the low density of
spins can, in some cases, be compensated by the
large polarization provided by optical-pumping
methods. Furthermore, in this case, the experi-
ment can be performed at room temperature and
in low external magnetic fields. Let us take for
example the case of 'He gas: The magnetic field
outside a spherical cell containing oriented 'He
nuclei is the same as if all the nuclei were locat-
ed at the center of the cell. If the cell contains
N atoms with a polarization I', the field at a dis-
tance r from its center, in a direction parallel to
the oriented spine, is radial and has a value (in
mksA units)

we=10 '(gp /r')N&,

where gp,
„

is the nuclear magnetic moment of
He. With a 6-cm-diam cell, a pressure of 3

Torr, and a polarization of 5%%u~ (which is current-
ly available' ), the field at a distance r = 6 cm is
~=6x10 "T=6x10 ' G. The order of magni-
tude of this static field explains why, to our
knowledge, it had never been used to detect nu-
clear polarizations. A new type of very sensitive
low-field "Rb magnetometer has recently been
set up; its sensitivity, 10 ' G with a 3-sec de-
tection time constant, has made it possible to
measure btf and to perform the following experi-
ments.

The experimental setup is shown schematically
in Fig. 1. A 6-cm-diam cell contains the ~He nu-
clei; the magnetic field they produce is detected

by "Rb atoms contained in the second cell. Both
cells are placed in a magnetic shield which con-
siderably reduces (by a factor 10') the external
magnetic noise, much larger than 4II. The
shield also lessens considerably the magnetic
field inhomogeneities, so that we can observe, as
we will see below, very long relaxation times in
zero field, no longer limited by field inhomoge-
neities. The residual stray static fields inside
the shield (about 10 e G) are compensated by
sets of Helmholtz coils. The 'He atoms are opti-
cally pumped by a circularly polarized light
beam B, (X = 10830 A) to achieve the orientation
of the 'So ground state by the classical technique.
The nuclear spins are oriented along the direc-
tion of B„andas Iong as there is no applied
field, they remain in this direction.

The 'Rb magnetometer makes use of a new
type of detection of the zero-field level-crossing
resonances appearing in the ground state of opti-
cally pumped atoms. ' The 6-cm-diam "Rb cell
(without buffer gas), with paraffin-coated wall,
is the magnetic probe of the magnetometer; it is
placed close to the 'He cell and optically pumped
by the circularly polarized light beam B, (D,
component of the resonance line) perpendicular
to B2. A rf field H, cos~t is applied in the direc-
tion of Bm (ej2v =400 Hz). The transmitted light
of B„measured by a photomultiplier, is modu-
lated at various harmonics P~ of ~. The modula-
tion (p = 1) is proportional to the component par-

Rh He B2
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FIG. 1. Schematic diagram of the experimental ar-

rangement.
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FIG. 2. o oPl t of the magnetic field AH during the op-
~ 3 sec).tical pumping o ef 3H (detection time constant:

3He pressure: 3 Torr.
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. 3. Plot of the modulation of the magn etic fieldFIG. . o
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ues of P which would be difficult to measure opti-
cally. Finally, various applications of this meth-
od might be used to set up magnetometers or gy-
rometers.

iSee, for example, A. Abragam, The Principles of
Nuclear Magnetism (Oxford University Press, London,
England, 1961).
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6As long as this field is much smaller than the width
(about 5 pG) of the level-crossing dispersion reso-
nance curve.

VSince h is perpendicular to H&cosut, it does not af-
fect the signal detected by the YRb atoms.
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We derive analytic pulse and pulse-train solutions to the nonlinear coupled Maxwell-
Schrodinger equations describing the propagation of shape-preserving ultrashort optical
pulses in a resonant medium.

A great deal of attention has been given recent-
ly to the generation of ultrashort optical pulses
and their interaction with atomic systems. The
special cases in which the atomic system is eith-
er an attenuator' or an amplifier~ (resonant at-
oms asymptotically in the ground state or excited
state, respectively) have been treated in some
detail, principally by computer solution of the
coupled Maxwell-Schrodinger equations in the
quasimonochromatic-field approximation.

%'e describe here a method which permits ana-
lytic solution of this resonant energy-transport
problem, regardless of the asymptotic prepara-
tion of the medium. The atomic system is as-
sumed to consist of two-level atoms continuously
distributed in a nondispersive host medium. The
resonant interaction is between the atomic dipole
moments and a quasimonochromatic plane-wave
electric field. The field center frequency is
equal to the center frequency of the symmetric,
inhomogeneously broadened atomic line. The re-
lation between atomic polarization and electric
field is found to be highly nonlinear, as expected.
In addition, the experimental breakup of large
pulses into smaller ones is predictable.

The electric field is assumed to be a circularly
polarized plane wave modulated by a slowly vary-
ing envelope which is a function of the single pa-
rameter g=f z/v, E(z, f) =$(f)[s ospc+-Jsinpj

where P=~(t-rp/c), and g is the refractive index
of whatever host medium contains the resonant,
interacting, two-level, atomic dipoles. Then, in
the usual rotating reference frame, 4 the coupled
and nonlinear Maxwell and Schrodinger equations
for a particular interacting atom may be written
in terms of the components (u, v, ~) of a unit vec-
tor r. %'e look for shape-preserving pulse solu-
tions by assuming that u, v, and w also depend
only on P. Then after writing all relevant space
and time derivatives in terms of g derivatives
we have'

u=-yv

(2)

(3)

b = st —jv(g, y)g(y)dr.
pcs, 2

The physical interpretation of u, v, and w is
the standard one for Am =+1 electric dipole
transitions: u and -v are the dimensionless dis-
persion and absorption components of the dipole
moments, and w is the atom energy divided by
—,'S~. % is the number of interacting atoms per
unit volume, y is the amount by which the individ-
ual atom is off resonance with the field center
frequency, g(y) is the atomic line-shape function,
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