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Optical pumping of helium, using the 23S-23P line at 1.083 um, can be performed with a tunable neodymlum laser -
[La;..Nd,MgAl;;059 (LNA)]. The LNA crystal, longitudinally excited by an Ar* gas laser, delivers a usable power
of about 300 mW. A 3He cell at 0.3 Torr can thus nuclearly polarized up to 60%. ' Preliminary results are also
obtained with a LNA laser pumped by discharge lamps. L

Optical pumping is a convenient method used to polarize the
23S; metastable spin state of 4He.! Applied to 3He gas, it
can result in large nuclear polarizations of the 11S, ground-
state atoms.2 The applications of spin-polarized helium
atoms range over several fields of physics.>* They include
the ‘He and now 3He magnetometers, which can be used to
measure the earth and the interplanetary magnetic field5;
polarized beams of metastable helium atoms for the study of
atomic collisions and to probe magnetic surfaces$; and polar-
ized 3He targets and beams in nuclear physics.”® Another
application is the study of quantum properties of polarized
3He fluids at low temperature, which are now being investi-
gated.1®

Optical pumping in helium requires a source of circularly
polarized light at 1.083 um, the wavelength of the 23S-23P
transition of the helium atom. This has usually been
achieved with helium discharge lamps, leading to nuclear
polarizations of the order of 20%.1! More recently, color-
center lasers, using Fo** centers in NaF (Refs. 12 and 13) and
tuned to 1.083 um, have produced much higher rates of 3He
optical pumping.'4 However, the color-center-laser devices
involve a cascade of three lasers (a Krt laser, a dye laser, and
a Fo** laser!d) and require colored crystals that must be
operated at liquid-nitrogen temperature and replaced peri-
odically. These difficulties led to a search for more conve-
nient lasing elements.

We report here results of experiments performed to polar-
ize He gas with a laser making use of a crystal of
La;.,Nd,MgAl;;0;9 (LNA), operating on the *F3p—*I115
transition of the Nd3* ions. Details of the properties and
production of LNA crystals have been given in earlier publi-
cations.!516 Recently it was shown that LNA lases when
end pumped by a cw Ar* or a cw Kr* gas laser1”18 and can be
tuned around several peaks of the Nd3* fluorescence,!8 in-
cluding the 1.083-um wavelength. In the laser that we now
describe, the active element is a cylinder cut from a single
crystal of LNA, 1 cm long and 5 mm in diameter; the rod axis
coincides with the hexagonal, or ¢, axis of the crystal. The
ends are polished perpendicular to the cylinder axis and
antireflection coated. Itissituated atthe center of a 80-cm-
long cavity defined by two plane multiple dielectric mirrors
(see Fig. 1). This crystal absorbs 70% of the incident light.
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Mirror M, is fully reflecting for the laser radiation at 1.08 pr
and (partially) transparent for the pumpingradiation. Out
put mirror M, is 90% reflecting for the laser radlatmn. A10
cm focal-length converging lens L; focuses the pumpi
beam onto the LNA crystal with a beam waist of the orde

laser beam waist at the crystal is approximately of the sa
size as the pump beam waist. These conditions were f
to optimize the laser efficiency. ‘The strongest fluoresce
of LNA is at a wavelength of 1.054 um, with a weaker ﬂuor
cence band peaking at 1.084 um. . This allowed us to tun
laser to 1.083 um.18 In the case shown in Fig. 1 the tumng ]
accomplished by a single-plate Lyot filter F (a 7-mm quart
plate) and the fine tuning by an air-gap étalon E. Etalol
is made up of two prisms inserted at the Brewster angl
the laser beam; the coated faces are 50% reflecting. and
mm apart; one half of étalon E is mounted ona plezoceram
which permits servo locking of the air gap on an _external
signal.1? From pumping with 6 W of the 541-nm argon li
on the crystal, an output power of 600 mW is obtained
1.054 nm and over 300 mW at 1.083 nm. When the be
waist at the crystals is exactly at the center of the M1
cavity (the required precision is +£2 mm), the mode struct
is composed of two longitudinal modes separated;b S0
200 MHz (in such a design, the spacing between succe
cavity modes corresponds to the spatial-hole- burning i
val). The cavity length of 80 cm was chosen so tha
spread of the modes is within the room- temperature Dopp
ler width of the 3He absorbing atoms.

The fluorescence of a 3He cell can be excited by:such
LNA laser. The laser frequency is swept by varying the h
voltage of piezo-mounted étalon E. Some of the nir
and hyperfine components of the 238,-23Py1 2 transrtmn
resolved, such as the Cg and Cy ones (respectxveiy, 288, F
3/2 = 23P; and 23Sy, F = 1/2 — 23P;).2 The width of these

absorption width of the atoms and not from the laser. S
fluorescence signals can be used to servo lock the laser on the
atomic frequency by applymg a low-frequency small modu-
lation to the piezo high voltage. Once locked on a gi
atomic component, the laser frequency remains stable
hours without requiring readjustment .
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Sketch of the LNA laser cavity (not to scale). M; isa dichroic plane mirror transmitt:.ing the pump light from an Ar* laser. M, is total-
ly reflecting to the LNA laser radiation; M transmits 10%. L and L;are lenses (antireflection coated) with focal'lengths of 10 and 2.5 cm, re-
. pectively. F is a single-plate birefringent Lyot filter, and E is an air-gap piezo-tuned étalon. The LNA crystal is 1 cm long.
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Fig. 2. Buildup of the nuclear polarization P of *He gas when the

aser is directed onto the cell; after reaching its limiting value, it was
~ destroyed by a strong magnetic-field gradient.
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sing the output of this LINA laser, we have polarized *He
ylindrical glass cell of about 100-cm® capacity at a
sure of 0.3 Torr. A mirror is placed beneath the cell to
back the nonabsorbed pumping light. The laser

] expanded to cover the surface of the 3He cell. The
ser output is linearly polarized by the action of the several
es at the Brewster angle inside the cavity. The linear

polarization is transformed into circular polarization bya

quartz quarter-wave plate external to the cavity. Great care
is taken to keep the desired circular polarization above 95%.

A homogeneous magnetic field of a few gauss is applied to
the cell parallel to the laser beam in order to provide an axis
for the optical-pumping process. The orientation of the 3He
nuclear spins is monitored by observing the circular polar-
ization of the 668-nm helium line emitted by the discharge
that is used to excite the helium gas.2! Figure 2 shows the
buildup of the nuclear polarization when the laser is directed

onto the cell; the limiting value is obtained after a few min-

utes; the polarization can be destroyed if necessary by a
strong magnetic-field gradient. Figure 3 gives the nuclear
orientation obtained as a function of the laser intensity inci
dent upon the cell when the laser is tuned on the Cg compo-
nent. A similar curve is found for the laser on the Cy compo-
nent, with the difference that the resulting polarizationis
slightly lower at high laser intensity but higher at low inten-
sity, as predicted by the model derived in Ref. 20 for SHe
optical pumping. The maximum polarization obtained is
60% for 300-mW output from this LNA laser. The curve of |
Fig. 3 compares well with the similar one previously ob-
tained with a color-center laser.14 At high laser power, the
results reported in Ref. 14 are 10% better than the present
ones; this can be explained by the slightly different mode
structure of the laser in the two cases.

Some effort was made in order to operate a LNA laser
pumped by arc lamps at the helium wavelength. The ad-
vantages for most applications would be the low cost and the
potentially high output of this YAG-type laser. The main
problem is the crystal growth of long LNA rods of sufficient
optical quality; such difficulties are now partially solved at
the Laboratoire d’Electronique et de Technologie de I'Infor-
matique (LETI) in Grenoble.?2 Recent results have been
obtained with a 5-cm-long, 5-mm-diameter LNA crystal cut
along its a axis. Pumped by two Kr* lamps in a YAG 904
Microcontrole cavity, it can deliver a few watts of power on

_the main fluorescence peak, and it can be tuned to 1.083 pm

with a Lyot filter and a thin.étalon. These results are prom-
ising but still preliminary. ; '
Let us finally mention that LNA crystals can also be
pumped by diode lasers, providing a weak-intensity but low-
voltage source for some pumped helium applications, as re-
ported elsewhere.2 e , -
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