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Light-induced atomic desorption of lithium
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We demonstrate loading of a Li magneto-optical trap using light-induced atomic desorption. The magneto-
optical trap confines up to approximately 4×104 7Li atoms with loading rates up to approximately 4×103 atoms
per second. We study the Li desorption rate as a function of the desorption wavelength and power. The extracted
wavelength threshold for desorption of Li from fused silica is approximately 470 nm. In addition to desorption
of lithium, we observe light-induced desorption of background gas molecules. The vacuum pressure increase
due to the desorbed background molecules is �50 %, and the vacuum pressure decreases back to its base value
with characteristic timescales on the order of seconds when we extinguish the desorption light. By examining
both the loading and decay curves of the magneto-optical trap, we are able to disentangle the trap decay rates
due to background gases and desorbed lithium. Our results show that light-induced atomic desorption can be a
viable Li vapor source for compact devices and sensors.
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I. INTRODUCTION

There is a growing interest in miniaturization of laser-
cooled atomic technologies [1,2]. Laser-cooled atoms are
a promising candidate for the realization of a variety of
portable devices, including quantum repeaters [3,4], atom
interferometers [5–8], and vacuum sensors [9,10]. Most work
toward mobile laser-cooled atom devices has focused on
ultracold Rb and Cs due to their high room-temperature
vapor pressure and the proliferation of laser technology at the
necessary wavelengths [5–8,11]. However, devices based on
laser-cooled Li would be advantageous for vacuum sens-
ing [10], due to lithium’s low room-temperature vapor pres-
sure (� 10−17 Pa [12]).

A central challenge to the miniaturization of laser-cooled
atomic devices is outgassing of the atomic vapor source [1].
Mobile sensors will likely have minimal vacuum pumping, so
excessive outgassing of any in vacuo component will limit
the useful lifetime of the device. In applications such as
vacuum sensing, where a cold-atom vacuum sensor would
be attached to a larger vacuum system, atomic source out-
gassing could easily limit sensor performance. Lithium’s va-
por pressure at room temperature precludes the use of a vapor
cell [13]. Lithium dispenser sources must operate at high
temperatures to produce appreciable vapor pressure, leading
to high outgassing rates and limiting the achievable vac-
uum pressure [14,15]. An attractive alternative to these con-
ventional vapor sources is light-induced atomic desorption
(LIAD) [16,17], where atoms are liberated from a surface
using photons. In the context of laser-cooled atomic gases,
the desorption surface is typically a glass or metal vacuum
chamber wall and the desorption light is usually generated
by a short-wavelength incoherent source [13,18–20]. The
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extra gas load from the desorption process is rapidly reduced
when the desorption light source is extinguished. Among
elements amenable to laser cooling, LIAD has previously
been observed for calcium [21] and all alkali metals except
Li [16,17,20,22–24]. It can efficiently load magneto-optical
traps (MOTs) with high atom number [13,18,25–29], allowing
for the production of quantum degenerate gases [30,31].

We report and detail our observation of light-induced
atomic desorption of lithium. We characterize the desorption
of 7Li atoms from a fused silica window for three light sources
with distinct operating wavelengths. The desorbed atoms are
captured in a six-beam magneto-optical trap. The largest MOT
loading rate, approximately 4×103 atoms per second, occurs
when a 385 nm light-emitting diode (LED) induces atomic
desorption. At this loading rate the MOT population reaches
approximately 4×104 7Li atoms. Light-induced atomic des-
orption is often explained by analogy to the photoelectric
effect, and prior studies have found a quadratic dependence
of the desorption yield on source wavelength [18,24,32–34].
Our data are consistent with a quadratic dependence of the
MOT loading rate on LIAD wavelength, from which we
infer the threshold wavelength for LIAD of 7Li. Our results
show that LIAD is a viable atom source for lithium-based
vacuum sensors and may be useful for other compact devices,
depending on the atom number requirements.

We describe the measurement apparatus in Sec. II.
Section III shows the experimental data and contains a dis-
cussion of the results. We have studied the variation in the
MOT loading rate and atom number as a function of the LIAD
source power and wavelength. We summarize our findings and
discuss the future outlook in Sec. IV.

II. APPARATUS

We characterize the light-induced atomic desorption pro-
cess by loading a Li MOT within a stainless-steel vac-
uum chamber. All steel components of the chamber were
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vacuum baked at 425 ◦C for 21 days to reduce hydrogen
outgassing [35,36]. We did not bake the chamber after assem-
bly to remove H2O. However, the chamber was held under
vacuum for several months before LIAD studies began, so
its outgassing rate and base pressure are similar to those that
would have been achieved after a 48 h bake at 150 ◦C. A
50 L/s ion pump removes background gases from the vacuum
chamber. The base vacuum pressure, as measured by a metal-
envelope enclosed Bayard-Alpert ionization gauge [37,38],
is 4(1)×10−8 Pa. (Here, and throughout this paper, paren-
thetical quantities represent standard deviations.) An alkali
metal dispenser made from 3D-printed titanium [15] was
used to deposit lithium on the vacuum chamber’s fused silica
viewports. Immediately after deposition, the optical depth of
each viewport’s lithium coating was on the order of 0.1. We
observed no reduction in the coating’s optical depth during
our LIAD study. The viewports are not antireflection coated
for the MOT’s operating wavelength to allow for better trans-
mission of LIAD light.

The MOT operates on the 2S1/2 (F = 2) to 2P3/2 (F = 3)
transition of 7Li. It comprises six independent, circularly
polarized laser beams and a set of N52-grade neodymium-
iron-boron magnets. Each laser beam has 40(1) mW of power,
a Gaussian 1/e2 radius of 7.1(4) mm, and a detuning of
−18 MHz from the F = 2 → F ′ = 3 transition. Two 3D-
printed thermoplastic mounts secure the permanent magnets
to the vacuum chamber such that they produce a quadrupole
magnetic field with a vertical gradient of 3 mT/cm. An
electro-optic modulator (EOM) provides repumping for the
MOT by adding 814 MHz radio frequency sidebands to the
MOT beams. The +1 order sideband addresses the F = 1 →
F ′ = 2 repump transition and contains approximately 20 %
of the optical power. (The ratio of the carrier power to the +1
order sideband power is approximately 3:1.)

We use three different light sources to desorb Li from the
fused silica viewports. The first two sources are multimode
laser diodes (LDs) operating at 405 nm and 445 nm. The
405 nm LD has a fiber pigtail and can deliver up to 350 mW
to the vacuum chamber. The 445 nm LD is free-space coupled
and has a maximum power output of 1.6 W. Our last light
source is a UV LED with a center wavelength of 385 nm and
a maximum power output of 1.6 W. We collimate the LED
output using an aspheric condenser lens, but the LED output’s
large divergence still limits the power available for LIAD to
approximately 500 mW. The average intensity corresponding
to the maximum LIAD power is approximately 45 mW/cm2,
70 mW/cm2, and 300 mW/cm2 for the 385 nm, 405 nm, and
445 nm light sources, respectively.

A longpass dichroic mirror overlaps the LIAD light with
one of the MOT laser beams to couple it onto the vacuum
viewports. The dichroic mirror has a cutoff wavelength of
380 nm, which prevents us from investigating desorption at
shorter wavelengths. All our LIAD light sources are colli-
mated and normally incident to both the input and output
viewports. As such, LIAD light passes through the vacuum
chamber without directly impinging on any stainless-steel
surfaces. Fresnel and diffuse reflections from the Li-coated
viewports lead to a small amount of desorption light eventu-
ally striking the interior of the vacuum chamber. Limited tests
of direct desorption from the vacuum chamber interior using

the 405 nm LD suggest that Li desorption from stainless steel
is no better than Li desorption from fused silica. Moreover,
increased desorption of background gas molecules from the
stainless steel resulted in significant reductions in the Li
MOT population. Because the illumination of stainless-steel
surfaces is substantially dimmer than the illumination of the
viewports, we believe that it contributes minimally to the
LIAD yield.

III. RESULTS

We load our Li MOT using LIAD for 40 s while mea-
suring the MOT fluorescence with a CCD camera. The long
loading time ensures that the MOT population saturates to
a final number NS for all of the LIAD wavelengths and
powers investigated here [39]. In the absence of the LIAD
illumination, there is no observable MOT. After the MOT
loads completely, we extinguish the LIAD light and record
the decay of the trapped atom number for 10 s. We activate the
LIAD light source and MOT beams 5 s before turning on the
repump EOM to collect images for background subtraction.
Our estimated nonstatistical uncertainty in the conversion
from integrated CCD counts to atom number is 50 %.

Figure 1(a) shows a typical MOT loading curve taken using
the UV LED to desorb lithium atoms. The corresponding
vacuum pressure dynamics [see Fig. 1(b)] measured by the
ionization gauge are not caused by desorbed Li. The geometry
of the vacuum chamber and lithium’s low room-temperature
vapor pressure prevent any lithium from reaching the ion
gauge; the optimal path from the viewport to the gauge still

FIG. 1. MOT loading with 490 mW of light from the 385 nm
LED. (a) The atom number as a function of time in green and fits to
the data using Eqs. (3) and (5) in purple, with solid lines indicating
loading and dashed lines indicating decay. The vacuum pressure
measured by an ionization gauge is shown in (b). The solid (dashed)
black line in the bottom subplot indicates a double exponential
growth (decay) fit to the pressure data [see Eqs. (1) and (2)]. The
vertical dotted lines denote the beginning and end of MOT loading.
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requires five collisions with the walls of the vacuum chamber.
The sticking coefficient of Li on stainless steel is 1 to an ex-
cellent approximation [40–44], so we conservatively estimate
that the probability for a lithium atom to reach the ion gauge
is �10−10. Additionally, when lithium was initially deposited
onto the viewport from the dispenser, a turbomolecular pump
and a residual gas analyzer (RGA) were attached to the
vacuum chamber near the ion gauge. The RGA detected no
lithium despite the lithium vapor pressure, as measured by the
MOT loading rate, being orders of magnitude higher than our
LIAD setup can produce [15].

Light-induced desorption of vacuum contaminants from
the viewports causes the observed pressure variation [45–47].
The pressure rise (fall) is well described by a double exponen-
tial growth (decay), which has previously been observed to
be characteristic of LIAD [13,18]. We fit the pressure growth
Pr (t ) and decay Pd (t ) using

Pr (t ) = Pf (1 − e−t/τf ) + Ps (1 − e−t/τs ) + Pb (1)

and

Pd (t ) = P1e
−t/τf + P2e

−t/τs + Pb. (2)

Here, Pb is the nominal pressure without LIAD; Pf and
Ps are the asymptotic pressure increases with characteristic
timescales τf and τs , respectively; and P1(2) = Pf (s)(1 −
e−tload/τf (s) ) are the measured pressures after the MOT has
loaded for tload = 40 s. We find that τs = 30(3) s and τf =
3.2(2) s are independent of the LIAD wavelength and power.
The fast (slow) timescale, τf (τs), has been associated with
adsorption of the LIAD product back onto vacuum chamber
surfaces that have less than (more than) a monolayer coating
of the LIAD product [18]. This explanation is reasonable,
provided that the adsorption time constants are smaller than
the vacuum pumping time constant τpump, which is given by
the volume of the vacuum system divided by the effective
pumping speed [48]. Because adsorption and vacuum pump-
ing act in parallel, the LIAD pressure dynamics should occur
on a timescale faster than the pumping time constant. The N2

pumping speed of our ion pump and the volume of our vacuum
system imply that τpump ≈ 100 ms. The discrepancy between
the measured and expected timescales hints that either the
dominate non-Li desorption product is inefficiently removed
by the ion pump or that some desorption continues even after
the desorption light is switched off.

The MOT atom number N increases during loading ac-
cording to the differential equation

dN

dt
= R − [KPr (t − t0) + �Li]N, (3)

where R is the MOT loading rate, t0 = −5 s is the delay
between LIAD source activation and the beginning of MOT
loading, and K is a constant that relates the measured back-
ground pressure to the MOT loss rate. We assume that the
additional MOT loss due to desorbed lithium, with rate �Li,
is time independent. Because the MOT immediately begins to
decay once the LIAD light is removed and the decay does not
accelerate (which would imply that lithium vapor remained
in the vacuum chamber), the lithium vapor pressure must
decay on a timescale �1 s. The rise and fall times for the
lithium vapor pressure are identical since the effective vacuum

FIG. 2. Saturated atom number (a) and loading rate (b) for the
7Li MOT as a function of LIAD power. Data are for LIAD sources
operating at 385 nm (lavender circles), 405 nm (purple triangles),
and 445 nm (blue squares). The solid lines in (b) are linear fits to the
measured loading rate. The error bars in both subplots represent the
standard deviation of at least four measurements.

pumping speed is independent of the LIAD process, so �Li

will reach a steady-state value before we activate the MOT.
Due to the chamber geometry and lithium’s high sticking
coefficient (see above), all Li pumping in our vacuum system
is provided by the chamber surfaces close to the LIAD source
and MOT. When we extinguish the LIAD source, the MOT
atom number decays as

dN

dt
= −KPd (t )N. (4)

The solution to Eq. (4) is

N (t ) = N0e
−K (P1τf (1−e

−t/τf )+P2τs (1−e−t/τs )+Pbt ), (5)

where N0 is the atom number when the LIAD source is turned
off. By fitting each MOT decay curve with Eq. (5) using
parameters from the pressure decay [see Eq. (2) and Fig. 1(b)]
we can extract the proportionality constant K . Using this
value for K and the best-fit parameters in Pr (t − t0), Eq. (3)
is fit to the associated MOT loading curve via numerical
integration. The fit yields the loading rate R and lithium-
induced decay rate �Li for each loading curve.

We measured the saturated atom number, NS =
R/[KPr (tload − t0) + �Li], and loading rate R of the MOT as
a function of the LIAD power and wavelength. Figure 2 shows
the results of these measurements. The MOT can load as many
as approximately 4×104 7Li atoms using the 385 nm LED
or 445 nm LD as the LIAD light source. Inducing desorption
with the 385 nm LED yields the fastest loading rates (up to
approximately 4×103 atoms per second). Prior studies of
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FIG. 3. Loss processes and pressure rise during LIAD as a func-
tion of power: (a) loss rate �Li of 7Li from the MOT due to untrapped
7Li, (b) background loss rate coefficient K , and (c) total asymptotic
pressure increase Pf + Ps . Data are for LIAD sources operating at
385 nm (lavender circles), 405 nm (purple triangles), and 445 nm
(blue squares). The error bars in each subplot represent the standard
deviation of at least four measurements.

LIAD of other alkali elements have reported saturation of
both NS and R [18,19]. We do not observe saturation of either
the MOT loading rate or the saturated atom number, except
possibly when desorbing Li with the 405 nm and 445 nm LDs.
The lack of saturation implies that our LIAD light sources
are not depleting the viewport’s lithium coating [28], which
agrees with our observation that each viewport’s optical depth
is constant (see Sec. II). Linear fits to the loading rate data
yield slopes of {8.9 mW−1s−1, 3.7 mW−1s−1, 1.5 mW−1s−1}
for the {385 nm, 405 nm, 445 nm} light source. A parabolic
fit to the loading rate slope as a function of LIAD photon
energy suggests that there is a threshold wavelength for Li
LIAD near 470 nm [18,24,34]. The quadratic dependence of
the loading rate on wavelength is justified by analogy to the
photoelectric effect, but there is disagreement on the validity
of this analogy in the literature [24,34,49,50]. However,
the majority of experiments support both the existence of
a threshold wavelength and the quadratic dependence of
desorption rate on photon energy.

Figure 3 shows �Li (a), K (b), and Pf + Ps (c) as a function
of LIAD power. The total asymptotic pressure rise, Pf + Ps ,
increases with power and photon energy. The maximum ob-
served pressure increase is approximately 50 %, which occurs

when the 385 nm LED stimulates desorption. We expected
the background loss coefficient K to be independent of power
because typical vacuum contaminants have similar collisional
properties with Li and the composition of gases adsorbed to
the viewport should be similar to the background vapor com-
position [10]. The data for the 385 nm light source are com-
patible with this expectation. K exhibits some variation with
power for the two longer-wavelength light sources, which may
indicate that the gas composition is changing with power. The
spread of the data is large enough that we cannot exclude the
possibility of constant K . The measurements of �Li show a
clear increase with LIAD power only for the 385 nm source.
The Li-induced loss rate for the 445 nm source is consistent
with zero at all powers. This observation supports the presence
of a LIAD threshold wavelength �445 nm, since we expect
the Li vapor pressure, and therefore �Li, to approach zero
near the threshold. In principle, we could use �Li to compute
the Li vapor density at the MOT [9,10]. However, to do
so requires knowledge of kinetic energy distribution of the
desorbed lithium atoms. Because lithium has negligible vapor
pressure at room temperature, the untrapped lithium atoms are
almost certainly not in thermal equilibrium with the vacuum
chamber walls. Without a more detailed understanding of
LIAD, which is beyond the scope of this work, a reasonable
calculation of the untrapped Li density is not possible.

IV. DISCUSSION

We have observed light-induced atomic desorption of
lithium and used the desorbed atoms to load a MOT. The
MOT contains as many as approximately 4×104 7Li atoms
and loads at rates as high as approximately 4×103 atoms per
second. These loading rates are lower than those achieved
with lithium dispensers, which can directly load MOTs at rates
exceeding 106 atoms per second [15,51]. However, dispenser
sources also add a significant gas load to the vacuum system,
which could limit the useful lifetime of a compact device [1]
or, in the case of vacuum sensing, cause significant systematic
effects [10]. By contrast, our LIAD source only increases the
pressure during MOT loading by �50 %. A LIAD atom source
may therefore be preferable for compact vacuum sensors,
where a pristine vacuum environment is of greater importance
than high atom number.

When assessing the viability of LIAD as an atom source for
mobile sensors, we must consider both the maximum achiev-
able atom number and the loading rate. In general, increasing
atom number increases the signal-to-noise ratio. Increasing
the loading rate increases the experimental repetition rate (and
measurement duty cycle), which leads to faster averaging,
better systematic rejection, and lower aliasing noise [52,53].
However, how large atom numbers and fast loading rates
translate into the measurement of a particular quantity is quite
dependent on the details of the measurement itself. Consider,
for example, a single-shot atom interferometry experiment.
In this case, the expected Allan deviation in the phase scales
roughly as

√
2τe/N , where τe is the repetition time and N is

the number of atoms. For the largest MOTs achieved in this
work [39], we might expect an atom shot-noise-limited Allan
deviation of the order of 30 mrad Hz−1/2. (We do not expect
that this limit could be realized in a deployable device.) By
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comparison, a recent mobile interferometer achieved an Allan
deviation on the order of 10 mrad Hz−1/2 [54].

Vacuum sensors operating below 10−7 Pa with an accu-
racy better than 10 % are not currently available and would
be satisfactory for most applications [10,55]. The relative
uncertainty in the lifetime τ of a trapped sample initially
containing N0 atoms approaches 1/

√
N0 when measuring

the remaining atom number at times around 2τ . Thus, in
a single shot with N0 known and N0 ≈ 104, a sensor should
have the necessary precision to exceed the 10 % specification
above. Further averaging is necessary to determine N0 and to
look for systematics, but we note that τe > 2τ . For a 10−8 Pa
background gas pressure, τ is typically of the order of 10 s,
implying that the loading rates we have achieved using the
385 nm LED (approximately 4×103 atoms per second) will
not significantly impact this measurement.

Figure 2 suggests two approaches to boosting the MOT
atom number and loading rate: increasing the LIAD power
or decreasing the LIAD wavelength. In the limit of negligi-
ble background gas pressure, the MOT atom number should
saturate to a value given by Nmax = R/�Li [27,28] (here we
assume that R and �Li are both directly proportional to the
LIAD power). The data taken using the 385 nm LED at
its highest power output implies Nmax ≈ 105. This analysis
suggests that increasing the LIAD power, for the range of
wavelengths that we have investigated, will increase the sat-
urated MOT atom number, but only to NS ≈ Nmax. Although
the potential gain in atom number is limited, using more LIAD
power will still increase R. Our study of the loading rate as a
function of the desorption wavelength indicates that the MOT

atom number and loading rate could be increased by inducing
desorption with a deeper UV light source. Such a light source
would also desorb background gases with higher efficiency, so
improvements to the vacuum environment will be necessary to
fully realize the potential gain in MOT performance.

Prior studies with other alkalis suggest that LIAD from
borosilicate glass, rather than fused silica, yields higher al-
kali vapor pressures [30]. Lithium corrodes most silicate
glasses [56–60], but, to our knowledge, the degradation of
vacuum viewports subject to lithium exposure has not been
systematically investigated. The amount of corrosion will pre-
sumably be limited due to the small amount of Li deposition
necessary for LIAD, but lithium corrosion could shorten the
lifetime of compact laser-cooled Li devices. To circumvent
this potential issue, lithium could be deposited on a glass piece
contained within the vacuum system [30] or, possibly, it could
be desorbed directly from a pellet of lithium metal [61]. Both
of these strategies will be the subject of future experiments.
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