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Abstract

We report on the ground-state coherence of Li atoms in the vapor of the diatomic polar molecules, LiCl, and in the noble
gases, Ne, Ar, and Xe. The decay of spin precession provides insight into the magnetic sublevel decoherence due to spin-
rotation and spin-exchange interactions. These interactions are identified by the temperature dependence of sublevel deco-
herence and evaluated in Ne, Ar, and Xe gases, respectively. The linewidth of coherent population trapping is attributed to
a combination of magnetic sublevel and hyperfine-level decoherences. Subtracting the sublevel decoherence, the hyperfine
decoherence, indicated by the Carver rate, is obtained in Xe gas. In Ne and Ar gases, the hyperfine decoherence is found
to be negligible. When LiCl vapor is added to the noble gases, the polar LiCl molecules broaden both the sublevel and
hyperfine resonances of the Li atoms. This broadening is not due to the Carver rate but to spin-rotation interactions with the

dilute molecules.

1 Introduction

The lithium (Li) atom is the smallest of alkali metal elements
and has a simple energy structure with experimental and
theoretical advantage [1, 2]. The saturated vapor becomes
optically detectable at temperatures above approximately
220°C [3-5]. At high translational velocities, atomic quan-
tum characteristics such as pumped population imbalance
and coherence are transported ballistically in vacuum and
diffusively in the buffer gas. When the atoms reach a cell
wall, the atomic states may decay or be transferred to other
atoms adsorbed on the surface [6]. One of the most impor-
tant properties we want to transfer to solids is nuclear spin
polarization, which will allow us to polarize most nuclear
spins in a solid. Since the radii of Li atoms and ions are
small, they should be able to penetrate solid materials while
maintaining nuclear spin polarization. Injection of spin-
polarized atoms is another means of polarizing solid nuclei.

The above idea was confirmed by polarized cesium atoms
[7, 8]. In the experiments, the polarized atoms and spin
polarization were injected into hydride, halide crystals, and
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silicate glasses [9]. However, the mobility of cesium atoms
was too small to spin-polarize the entire material. Heating
could increase mobility, but the too-high vapor and opti-
cal densities would disturb the spectroscopic experiments.
Therefore, the practical application is left to Li atoms, one
of the candidates for mobile atoms that transfer spin polari-
zation, because the atomic vapor density, ion mobility in
the material [10, 11], and halide vapor density [12] can be
optimized in the same temperature range.

At high magnetic fields, the Zeeman interaction of
electrons is greater than the hyperfine interaction, and the
nuclear spins decoupled from electrons may not be optically
polarized. However, in the actual experiments, decoherence
processes in low fields, such as the Carver-rate and S-damp-
ing (spin-rotation) relaxations, facilitate optical polariza-
tion of nuclear spins at high fields [8, 13]. Therefore, the
collision-induced decoherence of Li atoms could be a crucial
process in halide vapor and noble gases. For other alkali
atoms, collisional effects have been intensively investigated
in noble gases, nitrogen gas, and organic molecules such
as methane, ethylene, and paraffin [14]. They are used as
buffer gases, quenching gases, and anti-spin-relaxation coat-
ings at room temperature to obtain narrow resonances and
long-lived coherence in precision measurements [15, 16].
However, little is known about the spectroscopic parameters
of warm Li atoms, which experience many atomic collisions.
Up to the present, diffusion coefficients, spin polarization
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decay [4], hyperfine frequency-shift and coherence [3, 17]
have been investigated for Li atoms in noble gases. On
the other hand, for all alkali-metal atoms, polar functional
groups of the organic molecules as well as polar, smaller
molecules can perturb the quantum state of atoms, which
has not been studied in vapor cells. Therefore, by studying
atomic collisions, it is necessary to find gases with appropri-
ate magnitudes of the Carver and S-damping rates at high
temperatures [18].

In this work, the hyperfine coherent population trapping
(CPT) and spin free-precession (FP) signals are measured for
ground-state "Li atoms in noble gases. The hyperfine split-
ting frequency is proportional to the electron density at the
Li nucleus [2, 19]. The atomic collisions alter the electron
density and thus cause frequency shift and broadening [18,
20]. Polar diatomic molecules, lithium chloride (LiCl) [21],
can also perturb the atomic coherence because electric fields
reduce the electron density by the mixing of the excited states
[22]. Based on the resonance width as a measure of decoher-
ence of the Zeeman and hyperfine levels, we discuss spin-
rotation and spin-exchange interactions for sublevel coher-
ence and the Carver rate for hyperfine coherence [13, 23]. We
find that the collisions of polar molecules induce additional
broadening of both CPT and FP signals. Despite the dilute
vapor, the molecules significantly disturb coherent dynamics
of atomic states mainly through spin-rotation interactions.

2 Experiment
2.1 Glass Li-vapor cell

The glass vapor cells were manufactured as follows. [4]
Pieces of metallic Li (commercial-grade purity) in ceramic
crucibles was baked at 400 °C in each optical, spherical cell.
The glass bodies of the cells were also baked at the same
time. Due to the baking of metal, a thin metallic film was
formed on the inner surface of the glass stem. The noble
gases (Ne, Ar, and Xe) in stable isotope ratios were, respec-
tively, introduced into the baked cells through the glass stem
from a vacuum chamber. Trace impurities in noble gas, such
as O, and H,O, could be removed by chemical reaction to
the metallic film. The gas pressure was measured at room
temperature, and the glass cells were sealed with a gas torch.
After sealing, a slight correction was applied to the cell pres-
sure by measuring the pressure change in the chamber. For
LiCl vapor, LiCl salt in powder form was baked in a vacuum
glass cell at 400 °C before baking Li metal. A stable isotope
ratio, SLi/"Li = 8/92, was expected in the Li-vapor cells.
The radius of the spherical cells was R = 25 mm. The buffer-
gas density N = n/n, is expressed in units of amg, where
the number density of buffer gas n, and the number density

@ Springer

of an ideal gas ny = 2.69 X 10'” cm~ at a pressure of 1 atm
(101.325 kPa) and a temperature of 273.15 K.

2.2 Atomic Li spectroscopy

In the optical experiments, the cell temperature was con-
trolled in an oven between 250 °C (the number density of Li
atomis ny; = 6 X 108cm™3) and 360 °C (n; = 2 X 10!'cm™)
[17, 24]. Although the atomic density in alkali-metal vapors
is reported to be generally smaller than the literature value,
the density has not been measured by optical method in this
work [25]. The laser (optical frequency v; ) was tuned to the
"Li D, and SLi D, lines (wavelength 671 nm), as shown in
the middle inset of Fig. 1. These lines coincidentally over-
lapped within Doppler width (~ 3.5 GHz). Pressure broad-
ening (0.5 ~ 5 GHz in the pressure range of this work) was
less than the fine splitting (10 GHz) of the excited states
*P,, and 2P; ), [26, 27]. We measured the CPT signals to
study hyperfine coherence and the FP signals to Zeeman
sublevel coherence. The details of the experiment have been
described [4, 17].

2.2.1 Coherent population trapping

For the CPT signals, two optical beams, which were
linearly and orthogonally polarized, propagated along
the z axis, as shown in Fig. la. The frequency differ-
ence between the two beams v, was generated by an
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Fig. 1 a Optical alignment for CPT signals of ground state "Li atoms.
Two optical beams were polarized linearly and orthogonally. The
static magnetic field B, was applied along the z axis. The top inset
details the setup for scanning the frequency v, by an acousto-optical
modulator. The middle inset shows the atomic energy levels and laser
tuning. b Optical alignment for FP signals. After the optical-pump-
ing pulse along the z axis, the transverse magnetic-field pulse B; was
applied. FP signals were measured with the transmission of the con-
tinuous-wave probe light along x axis and averaged over thousands of
traces. The pulse sequence is shown in the bottom inset
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acousto-optic modulator from the laser light. See the
top inset in Fig. 1. The traveling-wave-type modulator
allows the frequency v, to be scanned near the splitting

frequency v, of the hyperfine levels |F =1 + %,mF =0)

of the ground-state "Li atom (nuclear spin [ = %). At CPT
resonance, a part of atoms was pumped into the dark state,
a superposition of two hyperfine levels, and light transmit-
tance increased. There were other resonances for my = +1
on both sides of the center signal for my = 0. To resolve
the center signal at v, from magnetic-field-sensitive reso-
nances of my = +1, a static magnetic field B, was applied
along the optical axis in a magnetic shielding box. The
transmitted light power was lock-in detected by modulat-
ing the frequency difference v, resulting in a dispersion-
like shape of the signal, as shown in Fig. 2. The modula-
tion frequency was optimized according to the resonance
width to improve the signal-to-noise ratio. The relative
amplitude of the quadrature-phase signal is an indicator
of optimization. If the quadrature signal is too high, the
signal shape is distorted, and if it is too low, the signal-
to-noise ratio can be improved. Due to the Zeeman shift,
the resonances for m; = +1 were out of the frequency scan
range. By fitting the simulation curves to the center sig-
nals, we obtain the hyperfine splitting frequency and the
intrinsic width [5].

Figure 3a shows the center frequency in the gases Ne,
Ar, and Xe. The hyperfine splitting frequency in vacuum,
v(‘)'gc = 803504 105 Hz, is indicated by dashed horizon-
tal line. The frequency shift depended on the buffer gas,
buffer-gas density, and temperature. Even when LiCl vapor
coexisted in Ne or Ar gas, the frequency was almost the
same within the fitting error as the frequency in each pure
noble gas. The linewidth varied with the buffer gas, gas
density, temperature, and the presence of LiCl vapor,
as shown in Fig. 3b. It should be noted that LiCl vapor
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Fig.2 CPT signals of the 0-0 resonance measured at 320 °C in (a) Ne
0.032 amg (3.5kPa) at 0.5 uT, b Ar 0.041 amg (4.5kPa) at 0.5 uT,
and ¢ Xe 0.023 amg (2.5kPa) at 5 uT. The gas density is calculated
from the pressure at room temperature. The modulation frequency
was a, b 130Hz, and ¢ 1kHz. The in-phase signals (solid black
curves), the quadrature-phase signals (solid orange-color curves) of a
lock-in amplifier, and the dotted fitting curves. Note the difference in
frequency scan ranges
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Fig.3 a Hyperfine splitting frequency in the Ne and Ar gases in the
presence and absence of LiCl, and in the Xe gas in the absence of
LiCl. The error bars show a standard deviation in fitting. The dashed
horizontal line is the frequency in vacuum. b Full-width at half
maximum (FWHM) of CPT resonances. Solid curves show the least-
squares fitting of a function, a + bexp(cT), where T is the tempera-
ture in K. a, b Ne 0.032 amg (3.5kPa) (¢), Ne 0.24 amg (25.8kPa)
(v), Ne 0.033 amg (3.6 kPa) + LiCl (o), Ar 0.041 amg (4.5kPa) (a),
Ar 0.039 amg (4.2kPa) + LiCl (/\), Xe 0.023 amg (2.5kPa) .
and Xe 0.049 amg (5.4 kPa) (w)

caused broadening despite its diluteness. The light shift
and power broadening have already been subtracted from
the measurements.

2.2.2 Spin free precession

For the FP signals, circularly-polarized pump pulses were
irradiated along the static magnetic field. See Fig. 1b. The
light pulse of a power of 5mW and a duration of 1 ms was
tuned to the "Li D, line. Most of the atoms were pumped
to the dark state |F = 2,my = F). Other hyperfine levels
|F = 1,my) were depopulated because the hyperfine split-
ting was less than the line width of optical absorption. The
®Li atoms were similarly pumped through D, line, as shown
in the middle inset of Fig. 1. After each optical pulse, a trans-
verse magnetic-field pulse B, was applied. The pulse ampli-
tude 24 yT was higher than the static magnetic field B, the
pulse duration 1.5 ys was smaller than the spin precession
period, and the pulse area was x /2 for "Li atoms. The pulse
B, induced the precession of ’Li and °Li atoms at the respec-
tive Larmor frequencies. The precession was probed with
weak, continuous, circularly-polarized, and resonant light.
The decay of precession due to light absorption was negli-
gible. Since B, was kept as uniformly as possible, the decay
was assumed to be mainly due to atomic collisions and dif-
fusion. The transmission of probe light was recorded with an
oscilloscope and averaged over thousands of traces.

As shown in Fig. 4a, the FP signals were measured with
sufficient bandwidth at the precession frequency. With no
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Fig.4 a FP signal in Ne 0.032 amg at 2.5 T and 320 °C. The inset
shows the expanded signal. b Fourier transform of the signal in a
(solid curve) and least-squares fitting of single Lorentzian (dot-
ted curve). The inset shows the spectrum for the ®Li atoms. The
vertical axes are in arbitrary units and can be compared with each
other. ¢ FWHM of the Fourier spectrum in Ne 0.032 amg (*), Ne
0.033 amg + LiCl (o), Ar 0.041 amg (a), Xe 0.023 amg (4), and Xe
0.049 amg (m). Solid curves show least-squares fitting of a function,
a + bexp(cT). The dotted curves, d ﬁ , are a guide for the eye

phase sensitive detection, the distortion was negligible even
at low magnetic fields. The beginning of the signal decayed
slightly non-exponentially due to the spin-exchange interac-
tion in the rotating frame [28]. Therefore, the spin-exchange
rate between the Li atoms was on the order of the nonlin-
ear Zeeman splitting, which was of 2 Hz at By = 2.5 uT,
and was sufficiently small compared to other decay rates.
Figure 4b shows the Fourier transform of the FP signal.
The resonances at slightly-different frequency in the lev-
els |F = 1,mp) of "Li atoms were negligibly small because
the atoms were depopulated by optical pumping. Therefore,
the signal width was determined by fitting a single Lorentz
curve. For narrow lines in Ne gas, distortions due to the
spin-exchange interaction are seen but are less important
for broader lines. The inset shows that the signal amplitude
of °Li atoms was consistent with that of "Li for the stable
isotope ratios. As shown in Fig. 4c, the temperature depend-
ence of the FP width was completely different for noble gas
and LiCl vapor. This difference enables us to identify the
interaction induced by the collisions.

3 Decay rates in the noble gases
The decay rates of the CPT signal, I',, and the FP signal,
I',, are calculated by I' = = Av, where Av is a full-width at

half maximum of the measured resonance. The rates for the
Li atoms are expressed, as follows, [13, 29-31]
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3
FOO :Fd + 2n12FC + Z(Fsd + Fex) + y(,)p7 (1)

3
I, =ry+ Z(Fsd +I',)+ y(’);, )

where n; = p; /(21 py) = 1.085, yy is the magnetic moment
of the "Li nuclei, and My 1s the nuclear magneton. The rate
I'; is due to atomic diffusion in buffer gas and depends on
the temperature, buffer-gas density, and dimensions of the
laser beam and glass cell. I' is the Carver rate at which the
electron spin and the nuclear spin relax in high magnetic
fields [23]. T4 is the S-damping rate due to spin-rotation
interaction during the atomic collisions [32]. We neglected
S damping by the collisions between Li atoms because the
Li vapor was dilute at the measurement temperatures. Due
to the small spin-orbit splitting in the Li 2p orbital, I'gy
mainly comes from the spin-orbit interaction of colliding
noble-gas atoms [33]. The rate, I',, = re+1e, is from the
spin-exchange interaction between the electrons of Li atoms
(I'%Y) and between the electrons and the buffer-gas nuclei
(T'e). Since I'% was smaller than other decay rates and Lar-
mor frequencies, the Zeeman frequency and width were
independent of spin polarization by optical pumping [34,
35]. Because the nuclear spin of noble-gas atoms is unpolar-
ized in our experiment, I is simply proportional to the
collision rate. It can be significant in the isotopes of Xe gas.
The precession state at (F) L By, is a superposition of many
sublevels. When no beats appear in the FP signal, we can
assume that I' 4 and I',, are independent of sublevels. There-
fore, I', is independent of sublevels in Eq. (2) [28, 36, 37].
The rates, . ,and Y. ; , come from optical pumping. For the
CPT signal, the atoms were pumped to the dark state at a
certain level of laser light, i.e., yé > # 0., was obtained by
extrapolating pump power to y, o = 0. For the FP signal, the
probe light was weak sufficiently that y(’); ~ 0. As a result,
we obtain from Eqgs. (1) and (2),

Ty =T, +2nTc. 3)

The temperature dependence of the decay rate is dis-
cussed. The lowest spatial mode of atomic diffusion in a
buffer gas, sinc(zr/R), decays at the rate T'y = (z/R)*D,
where a diffusion coefficient D o /T /n. We have assumed
that the atoms are unpolarized at the uncoated glass walls
of spherical cells [38]. The diffusion coefficient of Li atoms
is an order of magnitude larger than that of heavier alkali
atoms [39]. Since noble gases have smaller atomic radii than
Li atoms, I'y in the heavier noble gas is estimated to be about
the same as I’y = 220 s~ in He gas at 0.076 amg and 290 °C
[4]. As shown in Fig. 3b, the CPT widths in the 0.032 amg
(¢) and 0.24 amg (w) Ne gas were of similar magnitude to
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each other. This means that the decay at 0.032 amg was
mainly due to wall collisions, while at 0.24 amg it was due to
atomic collisions [40, 41]. T, T'yy, and e are expressed as
I' = nvo, respectively, where o is the collision cross-section.
The relative velocity, v = 4/8kT /zu, at high temperatures
is an order of magnitude greater than those of the heavier
alkali atoms at room temperature, where k is the Boltzmann
constant and y is the reduced mass. The S-damping cross-
section is sensitive to temperature and I'y, greatly increases
with heating. The rates, I'c and 'Y, are approximately pro-
portional to ﬁ since the cross-sections are insensitive to
temperature [13]. Although all rates are expected to increase
with heating, line narrowing was observed in Ne 0.032 amg.
One possible reason is inhomogeneous broadening that
appears when the temperature distribution is not uniform
[20,42]. As shown in Fig. 4c, the FP width depends more
strongly than ﬁ in Ne gas (¢). As a result, in addition to the
inhomogeneous width, I', consists of I'y and Iy, and I, of
I'y, 'y, and I'- in 0.032 amg Ne gas.

Figure 5a shows the decay rates calculated from the CPT
and FP widths in Eq. (3), I'c = (T — FZ)/ZnIZ. In Xe gas,
the decay rate is significantly large and, as the theoretically
predicted Carver rate, shows a weak temperature dependence
[13]. Therefore, we obtain k- = ['«/N = 1.8 x 10° s~!amg™!
at 320 °C. In Ne and Ar gases, the calculated rates indicate
the residual noise of the decay rates measured in different
methods, CPT and FP. The noise levels are several orders of

(a) (b) Xe 0.049 amg
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1044 104 Xe 0.023 amg
Xe 0.023 amg
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Fig.5 T, Ty, and T’y calculated from the measured rates, Iy,
and I';. (a) I'c = Ty, —I"Z)/an2 in Ne (solid black curve), Ne +
LiCl (dashed black curve), Ar (solid green curve), and Xe (solid
blue curves). (b) I'y in Ne (solid black curve), I'y; in Ar (solid
§reen curve), and I'YY in Xe (sol_id blue curves) are calculated from
(7 = Ty). For LiCl vapor, i(I%(‘)Cl —Tyo) is calculated in Ne (dashed
black curve) and Ar (dashed green curve) and ‘—‘(F;’Cl —T,) in Ne
(dotted-dashed black curve). These curves are calculated from the
fitting curves in Figs. 3 and 4. The dotted red curve shows 4/[LiCl],
where the number density [LiCl] is extrapolated from those measured
above 525°C [12]

magnitude greater than the theoretical Carver rate of 0.4 and
0.1 s~'amg~!in Ne and Ar, respectively [18], and remain too
large to discuss an upper bound.

Figure 5b shows the rates, %(FZ -y =Ty + T, cal-
culated from the FP width in Eq. (2). In Ne gas, neglecting
% in the stable isotopes and subtracting I'y (black dotted
curve in Fig. 4c), we obtain I'yj/N = 1.2 x 10* s~'amg™!
at 320°C. In Ar gas, using re=~o and Ty <TIy,,
we obtain Ty/N=55x10*s"lamg™! at 320°C.
Because the measured rates show a weak T depend-
ence in Xe gas, using I'l; < I'; and I'yy < I}, we obtain
I'“"/N = 5.8 x 10° s~'amg~"'at 320 °C as the mean in the sta-
ble isotopes. [y, I'c, I'y, and 'Y are summarized in Table 1.

The spin-rotation interactions are more pronounced in
heavier noble gases, and the signal width also increases with
heating [13]. Therefore, Ar gas is one of the suitable buffer
gases at room temperature, but not suitable because I' is
large in our temperature range. Surprisingly, the interactions
appear quite different depending on the temperature range.
In Xe gas, I'y4 should be greater than in Ar gas, although
it was hidden by the magnitude of I'". It is necessary to
confirm if the rate is insensitive to temperature and remains
large even in Xe isotopes with no nuclear dipoles.

4 Decay rates by the LiCl molecules

The LiCl molecule is primarily a dipolar on the potential
energy curve of the ground state X'+ [21]. Li* and CI” are,
respectively, isoelectronic to He and Ar. Because of the singlet
state, the magnetic dipole-dipole interaction between electrons
is neglected, i.e., I'e =0. The number density of the mol-
ecules increases with heating, but one to two orders of mag-
nitude smaller than the Li density in our temperature range.
Therefore, the spin-exchange interaction with the nuclear spin
of molecules is insignificant, i.e., ng = 0. The change in dif-
fusion coefficient due to the LiCl vapor is also negligible. For
I'c, the effect of the electric field of the distant polar mol-
ecules on the frequency and broadening of atomic signals is
negligible because the polarizability of the Li atom, as well
as its my dependence, are small [19, 22, 43, 44]. As shown
in Fig. 3a, no additional shift of frequency v, due to LiCl
vapor was observed in Ne and Ar gas. Figure 5a shows that
the Carver rates due to the molecules were similar to or less
than the noise levels. Therefore, assuming I'~ = 0, we discuss
below atomic decoherence due to the spin-rotation interaction.

Figures 3b and 4c show that both CPT and FP signals were
additionally broadened by dilute LiCl vapor. Assuming binary
collisions of a Li atom, respectively, to a LiCl molecule and a
noble-gas atom, we subtract the decay rates measured in the
same method, T — Ty = TH =T, = (3/4HI'L, in the
presence and absence of LiCl vapor in the same noble gas.
As shown in Fig. 5b, the subtracted rates indicate a similar
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Table 1 The rates I'y, I'c, 'y,

T'qyN (s—'amg), I'c/N, I'.a/N, IS /N (s~ tamg—')at 320°C

I'¢? for the density of 1 amg and X
temperature dependence of I’y I'yN Ic / N I'iq / N Fg)’(n / N
Ne | 5.3(1) - 1.2(1) x 103 -
Ar - - 5.5(1) x 10* -
Xe - 1.84(2) x 10° - 5.81(8) x 10°
d(I'sq/N)/dT (s—tamg='°C—1)at320°C
Ne | 3.3 x 10°
Ar | 1.3 x 103

I'sq/N (103 s~ tamg—1)

TCC) | 260 280 300 320 340
Ne 0.2 04 0.7 1.2 2.0
Ar 13 22 34 955 88
I'sq (103 s~ 1) at the saturated LiCl-vapor density
TCC) | 280 300 320 340
LiCl 0.22 050 0.93 1.62

These are calculated from the measured rates, I'y, and I';, in each pure noble gas and in the presence of
LiCl vapor. The mark (-) shows the rate neglected in the calculation. The figure in parentheses shows a
standard deviation. I'y by LiCl vapor is the mean of the three measurements for LiCl in Fig. 5b

temperature dependence within a factor of two. This is addi-
tional broadening due to the spin-rotation interaction with the
LiCl molecules. Measurable decay rates are obtained even
though the LiCl density is much smaller than Li vapor and
noble gases. That is, the molecules significantly impact the
Li atomic coherence. However, the rate is proportional to
y/[LiCl], where [LiCl] is the LiCl density estimated from the
measurements above 525 °C [12]. This indicates that the cross-
section is decreased by heating. Further study of the tempera-
ture dependence of atomic decoherence by polar molecules
is important to elucidate the decoherence mechanism. Using
many types of polar molecules, we should consider the mag-
netic and electric perturbations, Li-LiCl molecular formation,
and reactive atom exchange in the warm vapor phase [45, 46].

5 Summary

The hyperfine CPT signals and the spin FP signals of the
ground-state 'Li atoms were detected in noble gases. From the
signal widths, we measured the Carver rate I, the S-damping
rate I'y4, and the spin-exchange rate I'? at high temperatures.
In Xe gas, the atomic coherence decayed fast due to the sig-
nificantly large rates, I'c and I'?. In the Ne and Ar gases, I'y4
was measured using I'¢? = 0 in the stable isotopes. I'c of Li
atoms was, similarly to other alkali-metal atoms, too small to
be measured in the gases, Ne and Ar. Based on the decay rates
measured in pure noble gases, we extracted the collisional
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effect of the LiCl molecules on the Zeeman coherence and
negligible on the Carver-rate relaxation.

In precision measurements, Ne or Ar gas is mainly used as
a buffer gas. He gas is particularly unsuitable for micro-fabri-
cated cells because gas density decreases due to gas permea-
tion through the glass windows. However, in the temperature
range where the Li vapor density is high, the atomic decoher-
ence increases due to the spin-rotation interaction with Ar gas.
Therefore, Ne gas is the most suitable buffer gas for atomic Li
spectroscopy. It is also possible to increase the Carver rate by
mixing a small amount of Xe gas because of its relatively small
spin-rotation interaction. In combination with the spin—rotation
interaction with halide molecules, we expect collision-induced
nuclear-spin polarization of Li atoms at high magnetic fields.
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