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Controlling atomic vapor density in paraffin-coated cells using light-induced atomic desorption
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Atomic-vapor density change due to light induced atomic desorption (LIAD) is studied in paraffin-coated
rubidium, cesium, sodium, and potassium cells. In the present experiment, low-intensity probe light is used to
obtain an absorption spectrum and measure the vapor density, while light from an argon-ion laser, array of light
emitting diodes, or discharge lamp is used for desorption. Potassium is found to exhibit significantly weaker
LIAD from paraffin compared to Rb and Cs, and we were unable to observe LIAD with sodium. A simple
LIAD model is applied to describe the observed vapor-density dynamics, and the role of the cell’s stem is
explored through the use of cells with lockable stems. Stabilization of Cs vapor density above its equilibrium
value over 25 min is demonstrated. The results of this work could be used to assess the use of LIAD for

vapor-density control in magnetometers, clocks, and gyroscopes utilizing coated cells.
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I. INTRODUCTION

In glass vapor cells atomic polarization relaxes rapidly
when atoms collide with cell walls. This relaxation can be
reduced by up to four orders of magnitude by introducing a
paraffin coating [1-4]. Long-lived atomic polarization (re-
laxation times of seconds have been observed) enables ex-
tremely sensitive measurements of magnetic fields [3-8], en-
hances nonlinear optical effects at low light powers (see the
review [9], and references therein), and may make possible
precision tests of fundamental symmetries [10-12]. In addi-
tion to these applications, paraffin-coated cells have been
used in the study of light propagation dynamics [13,14], for
generation of spin-squeezed states [15], quantum memory
for light [16], quantum teleportation [17], and creation and
study of high-rank polarization moments [18,19]. There has
also been renewed interest in the application of paraffin-
coated cells in biomagnetometry [20], miniaturized atomic
clocks, magnetometers, and gyroscopes [21,22]. In spite of
their wide and varied application and several detailed studies
of their spin-relaxation properties [2,23-28], there is still
much to learn about the paraffin-coated cells.
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In this work, we investigate a possibility to affect density
changes in coated cells using light-induced atomic desorp-
tion (LIAD) [29,30]. The effect was first investigated in
paraffin-coated cells in Refs. [31,32]. Compared to the ear-
lier work, we extend the spectral range of the desorbing light
into the ultraviolet, and look at LIAD with potassium (K),
comparing the effect to that with Rb and Cs. We also test for
LIAD in sodium (Na). Using cells with lockable stems (un-
coated side arms containing metallic alkali samples), we elu-
cidate the role of the stem in the LIAD dynamics.

LIAD is a process in which alkali-metal atoms are des-
orbed from the walls of a (in our case, coated) vapor cell into
the volume of the cell when the cell is exposed to light of
sufficiently short wavelength and sufficient intensity. This is
possible because, over time, alkali-metal atoms are adsorbed
into the coating, and can be released by the action of the
desorbing light. The LIAD phenomenon has been observed
using a wide range of surfaces, besides paraffin: sapphire
[33-35], silane-coated glass [in particular, polydimethylsi-
loxane (PDMS)][29,30,36-39], superfluid “He films [40,41],
quartz [42], porous silica [43], and octadecyltrichlorosilane
(OTS) [44,45]. Rubidium LIAD from a octadecyldimethyl-
methoxysilane (ODMS) coating within a photonic band-gap
fiber was also demonstrated [46] allowing for realization of
efficient nonlinear interactions (in this case, electromagneti-
cally induced transparency) at ultralow optical power. Paraf-
fin coatings are particularly useful because of the aforemen-
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tioned long spin relaxation times, while LIAD is an attractive
method for rapid control of atomic density.

The change in vapor density produced by LIAD in a par-
affin coated cell depends on many factors including the cell’s
geometry, the wavelength of the desorbing light, the alkali-
metal vapor used, and the cell’s history; see, for example,
Ref. [31]. Important geometrical factors are the volume, sur-
face area, and stem-opening area. The latter is of importance
because of the so-called “reservoir” effect [2]. The stem of
the cell acts either as a source or a sink for atoms in the
volume of the cell depending on whether the vapor density in
the volume is lower or higher than that in the stem. Thus the
ratio of dimensions, particularly that of the area of the stem
opening to the surface area of the cell, dictates, to a large
degree, the time scale for which the excess density created
by LIAD will persist before atoms retreat to the stem. The
reservoir effect is most pronounced in small cells since they
have the smallest internal surface area but often have stem
openings that are comparable to those of larger cells, so that
the stem-opening to surface-area ratio is particularly unfa-
vorable.

Some applications such as compact, sensitive atomic
magnetometers, clocks, and gyroscopes require high vapor
densities. This is because small cells require higher densities
to achieve reasonably sized signals. In these cases, heating is
of limited use with paraffin coated cells since the tempera-
ture cannot exceed 60—80 °C without melting the coating. Is
LIAD, then, a possible solution for achieving high density?
If so, what is to be done about the reservoir effect? As a
result of the present investigation, the answer is affirmative,
particularly with uv light for high-efficiency LIAD, and us-
ing lockable-stem cells to mitigate the reservoir effect.

The structure of the paper is as follows: parameters de-
scribing the LIAD dynamics along with a simple model of
LIAD processes are summarized in Sec. II; the experimental
apparatus is described in Sec. III; the effect is studied for the
visible desorbing light in Rb and Cs in Sec. IV and in K and
Na in Sec. V; the case when uv irradiation is used in K and
Rb cells is explored in Sec. VI; tests with different paraffin
coatings are presented in Sec. VII. In Sec. VIII demonstra-
tion of the control over the Cs density using LIAD is per-
formed. Finally, discussion and conclusion are presented in
Sec. IX.

II. LIAD DYNAMICS AND ITS CHARACTERIZATION

Typical LIAD temporal behavior is illustrated in Fig. 1.
We see three distinct regions: a rapid rise of alkali-metal
vapor density in the volume of the cell after the desorbing
light is turned on at time ?,, a slow subsequent falloff and a
rapid decay of the vapor density once the light is turned off
at time 7,

In Ref. [31], a model describing the most salient features
in the LIAD dynamics was introduced. It is based on the rate
equations and establishment of equilibrium for the atomic
vapor density between the cell volume and the stem before,
during, and after the desorbing light action on the paraffin
coated alkali cell. A number of phenomenological parameters
are introduced in the model: vapor density in the stem of the
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FIG. 1. Typical LIAD signal and a model fit. The times when
the desorption light is turned on and off are denoted as #, and 7.
The initial ny, maximum n.,,, and n(t.;) densities are indicated.
The three characteristic time-scale constants are 7y, 7,, and 73.

cell, flux of atoms adsorbed into the coating, exchange rate
between the stem and the volume of the cell, the number of
free atoms in the coating, the rate of irreversible loss of
atoms to the glass or impurities, light-independent flux of
atoms from the surface into the cell volume, induced desorp-
tion rate, etc.

While this model is successful in describing LIAD dy-
namics in detail, its significant drawback is the large number
of parameters. Since the focus of the present research is prac-
tical applications of LIAD, we have adopted a greatly sim-
plified version of the model in which only the most promi-
nent features of LIAD dynamics are described but the
number of fitting parameters is minimized. The effects that
are not accounted for include, for example, “undershooting”
of the vapor density below its original level after the desorb-
ing light is turned off. These effects are not prominent under
the experimental conditions employed here.

We define a set of phenomenological parameters that de-
scribe the LIAD dynamics. The maximum change of the
atomic density in the volume of the vapor cell is An=n,,
—ng, where ng,, is the maximum value of the density
reached after the cell is illuminated by the desorbing light,
and n; is the initial density prior to illumination. The maxi-
mum LIAD yield is defined as the relative change of the
density »=An/ny. There are three different time scales for
the LIAD dynamics. The first, shorter time scale with a time
constant 7 characterizes the exponential growth of the
alkali-metal vapor density in the cell volume just after the
desorbing light is switched on. The second, longer time scale
with time constant 7, characterizes the decrease in density
while the desorbing light is still on. A third time constant 73
is introduced to account for density relaxation back to its
equilibrium value in the absence of the desorbing light. Note
that in Ref. [31] it was found that the density drops slightly
below the initial value n, after the light is turned off and
eventually recovers on a much longer time scale. We ignore
this effect here. In Ref. [31] using a more detailed model, it
is shown that the times 7; and 7, both depend on the desorb-
ing light intensity. The loss of atoms from the volume of the
cell to the stem also plays an important role in establishing
the time scales 7; and 7, [31]. In the present work, using
lockable-stem cells, we directly verify this.
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FIG. 2. Photographs of the Rb and Cs cells with lockable
stems.

We use a simple model to describe the LIAD dynamics, in
which the time evolution of the atomic density in the volume
of the cell n(z) is described by the following equation:

( ) ny + N(l - e—(t—to)/‘rl)e—(t—to)/rz’ tO SRS toff
n(r) =
no+ [n(tge) = nole 7o' 1> g

where the relation between N and An is given by

T/T
N:An(l +3)(1 +2) .
) O

The moments #; and 7. correspond to the times when the
desorption light is switched on and off. The time evolution
corresponding to the equation above is fit to the experimental
data, in this way determining 7, 7,, and 73.

III. APPARATUS AND EXPERIMENTAL SETUP

The parameters of the paraffin-coated alkali-metal vapor
cells used in this work (including the ones shown in Fig. 2)
are summarized in Table I. The stem openings are circular
with a diameter of ~1 mm. The cells contain a drop of an
alkali metal in their stems. In the case of lockable-stem cells,
a freely moving glass bullet inside the stem is used to open
and close the stem opening by rotating the cell 180° about its
axis and allowing the bullet to slide due to gravity. Special
mounts were designed to allow for consistent locking and
unlocking of the stems. A description of the procedure of

TABLE I. Cells used for the LIAD study. For a given alkali-
metal atom the cell stem type, shape, diameter (D), and length (L)
are specified.

Atom, stem type Shape D (mm) L (mm)
Cs, lockable cylindrical 20 30
85Rb, lockable cylindrical 20 20
K, lockable spherical 50

Na, nonlockable cylindrical 50 70
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FIG. 3. Diagram of the experimental setup used in LIAD mea-
surements. Desorption light in the visible spectrum is generated by
an Ar* laser at 514 nm [case (a)], while in the uv range mercury or
tungsten discharge lamps are used [case (b)], respectively. A half
wave plate (\/2) and a polarizing beam splitter (PBS) form a vari-
able attenuator for the probe light. Interference filters IF1 are used
to select the desired desorption wavelength, while IF2 filters are
centered at the alkali-metal atomic resonance lines and are used to
reject the scattered light from the desorption sources. A vibrating
mirror (VM) is used to average the speckle from the Ar* laser. A
reflector (R) increases the average desorption intensity falling on
the surface of the paraffin cell.

coating and filling the cells can be found in Ref. [31]. Figure
3 illustrates the general setup of the experiment. For all the
cells there is a probe beam which is resonant with the tran-
sition of the particular alkali-metal atom. For the Cs cell, the
beam which is resonant with the Cs D2 transition originates
from a 852-nm extended-cavity diode laser. For the Rb cell,
the beam resonant with the Rb D1 transition is derived from
a 795-nm EOSI 2010 extended-cavity diode laser system.
The probe laser for the K D1 line is a 770-nm New Focus
Velocity diode-laser system. The typical light power of the
probe beams is 5 uW and the diameter is =3 mm. In the
case when Na is studied a collimated beam originated from a
Na hollow cathode lamp is used. The probe beam passes
through the cell and falls on a photodiode outfitted with a
band-pass interference filter with a 12-nm full width at half
maximum (FWHM) centered near the transition wavelengths
which prevents detection of scattered light from the light
sources used for desorption. Scanning the probe laser (in all
the cases except for Na), we record absorption profiles that
are subsequently analyzed to extract the alkali-metal vapor
density in the cells. The Ar* laser (operating at the 514-nm
line), is employed for desorption in the visible range [see
Fig. 3(a)]. The desorbing laser beam is reflected from a vi-
brating mirror which serves to average the interference pat-
tern in the laser light (speckle), and expanded using lenses in
order to illuminate the entire cell. The total intensity of the
desorption light (including the retroreflection) incident on the
cell ranged from 1.1 mW/cm? to 110 mW/cm?. The LIAD
experiments in the uv range were performed using 365-nm
light produced by a mercury lamp (Blak-Ray B100 AP)
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FIG. 4. Change of the Rb vapor density in the volume of the
lockable-stem cell with the stem alternately open and closed.
Higher densities correspond to the open configuration. The differ-
ence in the closed-stem equilibrium densities is probably due to a
variation of how tightly the stem is closed with different orientation
of the glass bullet.

shown in Fig. 3(b). A McPherson 661A-3 high-pressure
tungsten-lamp system [Fig. 3(b)] was used for uv excitation
at 313 nm. Interference filters centered at 365 nm (FWHM
=60 nm) and 313 nm (FWHM=25 nm) were used to select
the desired wavelength.

IV. LIAD IN Rb AND Cs CELLS WITH LOCKABLE
STEMS AND VISIBLE LIGHT

In order to circumvent the reservoir effect, cells with
lockable stems were used. The stems in these cells can be
opened or closed externally, without opening the cell. In the
open-stem configuration, the cell approximates a typical
paraffin-coated cell with a stem, while in the closed configu-
ration it approximates a cell with no stem. We have experi-
mented with Rb and Cs.

For these cells, we sought first to gather evidence of the
reservoir-effect dependence on the area of the stem opening.
To do this, we alternately opened and closed the stem of the
RbD cell (without using LIAD) and recorded the correspond-
ing vapor densities (Fig. 4). It is immediately apparent from
the graph that there is a time dependent density drop once the
stem is closed which we attribute to adsorption of alkali-
metal atoms into the coating. After a number of repetitions,
the density with the stem open remains constant at about
3.4 X 10° atoms/cm?. The density with the stem closed, how-
ever, appears to have different modes (one at ~2.2
X 10° atoms/cm?, another at ~1.8 X 10° atoms/cm?, and the
third at ~2 X 10° atoms/cm?). These modes are most likely
the result of different (but relatively stable) configurations of
the glass bullet blocking the part of the stem containing the
Rb metal. Similar behavior is observed with the other
lockable-stem cells used.
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FIG. 5. (Color online) Change of the atomic density with LIAD
effect in two configuration: open and closed stem in a Cs paraffin-
coated locking-stem cell. The solid line represents a fit to the data.
The applied desorbing light intensity was 28 mW/cm? in both
cases. The desorbing light was turned on (around =15 s) and is
never turned off for these measurements.

Next, we tested LIAD in Cs and Rb in both open and
closed stem configurations at desorbing laser intensity of
28 mW/cm? for Cs and S0 mW/cm? for Rb. The LIAD dy-
namics in the case of Cs is presented in Fig. 5 and in the case
of Rb in Fig. 6. Model fits are also presented in the figures
and estimated parameters are summarized in Table II. As
already commented in Ref. [31], the stem of the cell plays a
crucial role in the LIAD dynamics and characterization. In
both cells, the closed-stem configuration shows considerably
higher yield of LIAD for controlling the vapor density in
comparison with the open configuration. The ratio of the
yield 7 for these two configurations is 9 for the Cs cell and
31 for the Rb cell. Moreover, an important feature is that the

30
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Time [s]

FIG. 6. (Color online) Density change with LIAD in the Rb
paraffin-coated lockable-stem cell. Two cases are shown: open stem
and closed stem configurations. The solid lines represent the fits to
the data. The applied desorbing light is with intensity of
50 mW/cm? in both cases. The desorbing light was turned on
(around 60 s) and then turned off (around 360 s).
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TABLE II. LIAD characterization parameters extracted from the model fit to the LIAD experimental data.
The maximum LIAD yield #, the 71, 7,, and 73 relaxation times of the atomic density are presented for the
Rb and Cs cells in open (Rb-o0, Cs-0) and closed (Rb-¢, Cs-c) stem configurations. The desorption light used
is characterized by wavelength (\) and intensity ([).

A 1 T T 73
Cell (nm) (mW/cm?) 7 (s) (s) (s)
Cs-o 514 28 0.22 18(3) 62(6)
Cs-c 514 28 1.9 7.1(4) 869(22)
Rb-o 514 50 0.25 2.0(3) 370(9) 6(1)
Rb-c 514 50 7.7 11.8(1) 918(9) 19.7(1)
Rb-o 365 5 0.42 1.9(3) 331(6) 1.6(1)
Rb-c 365 5 7.5 13.3(2) 1185(29) 17.4(3)
Rb-c 313 0.25 2.4 27.9(2) 1302(14) 32.5(2)

rate of relaxation of the atomic density to its initial value
(that before the desorbing light is turned on) is greatly re-
duced when the stem is closed. Both alkali-metals show 7,
values of the order of 1000 s with closed stems, while this
time is reduced approximately by an order of magnitude with
open stems.

V. LIAD IN K AND Na CELLS WITH VISIBLE LIGHT

An attempt was made to detect LIAD in K. With
30 mW/cm? of 514-nm desorption light we were not able to
register a change in potassium density. The upper limit for
the weak LIAD effect that may exist in this case is An~5
X 107 atoms/cm?. Desorbing light of 200 mW/cm? caused
an increase of the density of K by ~0.2 X 10° atoms/cm>. A
certain amount of this change of the density may be attrib-
utable to heating of the cell. The LIAD experiment in a Na
cell with a normal stem did not show any observable change
of the atomic density. Both alkalis have low saturated vapor
pressure at room temperature in comparison with Rb and Cs.
This may affect the process of “ripening” of the coating
[31,47]. Perhaps in these cases, the number of free atoms in
the coating ready to be desorbed is small and eventually they
are trapped in sites with deeper interaction potentials. If this
is the case, it explains why we do not observe LIAD from Na
and K in the visible region. Note, however, that we do ob-
serve K LIAD with uv light (Sec. VI). Recently, we became
aware of a study [48] of LIAD in a Na paraffin coated cell. In
this work, a small change of the sodium density of 2.9
X 10% atoms/cm® was observed with 3.5 W/cm? of
desorbing-light intensity at 514 nm. Note that this intensity
is higher by a factor of 100 than the maximum intensity used
(where the data are reliable) in our work. These results are
consistent with our observations.

VI. K AND Rb LIAD IN THE ULTRAVIOLET RANGE

Earlier work on LIAD from paraffin [31] showed that the
efficiency of LIAD increases towards shorter wavelengths of
desorbing light. This important fact may be a clue to better
understanding the processes involved in LIAD. To our
knowledge, LIAD has not been studied in detail for excita-

tion with light of wavelength shorter than 400 nm. In Ref.
[49], the desorption dynamics in a PDMS coated Rb cell was
explored under the action of a broad-spectrum light from a
mercury-discharge lamp. However, wavelength selectivity in
the uv spectral range was not specified. Recently, uv light at
395 and 253 nm was used for LIAD-assisted loading of
magneto-optical traps [50] for Rb and K atoms. The authors
of this work used uncoated surfaces—quartz cell walls and
the walls of a stainless-steel chamber. Here we investigate
LIAD in paraffin-coated rubidium and potassium cells with
desorbing light at 365 and 313 nm. We separately discuss the
study of K and Rb because no strong evidence for existence
of LIAD was found for K with 514-nm excitation with
desorbing-light intensity up to 200 mW/cm?. The short-
wavelength limit (313 nm) for the desorption light is due to
the absorption of molyglass, the material of the cells.

A. Case of Rb

The mercury lamp was first used as the desorption-light
source with the filter centered at 365 nm. We were able to
apply up to 5 mW/cm? to the Rb cell. The results with the
closed and open stem are presented in Fig. 7(a). The param-
eters from the model fit are presented in Table. II. The maxi-
mum observed change in the density in the closed-stem case
is from 4 X 10° to 34 X 10° atoms/cm?. For comparison, to
obtain a similar more than eightfold increase of atomic den-
sity (7=7.5) using light at 514 nm with the same cell, an
order of magnitude higher intensity of =55 mW/cm? is
needed. Both 7; and 7, times are comparable to the case of
desorption by visible light at 514 nm and intensity of
50 mW/cm?. In the open-stem case, the maximum density
reached is less than twice the initial density (%=0.42). In
Fig. 7(b), the excitation with 313-nm light (FWHM
=25 nm) with intensity of only 0.25 mW/cm? is presented.
In the case when the stem is open, the LIAD effect is unde-
tectable. However, when the stem is closed, strong increase
of atomic density (7=2.4) is achieved. The dynamics in both
cases of uv excitation is adequately described with the model
used for the visible range.

B. Case of K

The Mercury lamp was used as the source of desorbing
light with the filter centered at 365 nm and intensity at the
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FIG. 7. (Color online) Atomic-density dynamics in a paraffin
coated Rb cell with lockable stem in the case of (a) 365-nm des-
orbing light with intensity of 5 mW/cm? and (b) 313 nm at
0.25 mW/cm?. The abrupt kinks in the plots correspond to the
opening and closing of the desorbing light. Note the differences in
the initial densities.

cell of ~8 mW/cm?. The experimental results are presented
in Fig. 8. In contrast with the case when 514-nm desorbing
light was used, there is an observable LIAD with uv light.
This once again illustrates the fact that the efficiency of
LIAD increases towards uv. In the case of K, in contrast to
all other data, our model does not describe the entire tempo-
ral profile of the vapor density. However, fitting the fast ris-
ing and falling slopes only (closed stem configuration), we
extract the maximum yield »=2.3, 7,=1.7(4) s, and 7,=4 s.
Note a drastic difference in the LIAD dynamics from what is
observed with Rb: the times 7, and 7, are both much shorter,
and there is no significant difference between the open- and
closed-stem cases.

VII. LIAD PERFORMANCE OF DIFFERENT TYPES OF
PARAFFIN COATINGS

We tested nonlockable-stem cells containing two different
types of paraffin wax. This experiment was performed to
determine to which extent LIAD parameters depend on the
specific type of paraffin used for coating. There are four
3.5-cm diameter spherical cells in this experiment which we
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FIG. 8. (Color online) Atomic density dynamics in the paraffin-
coated K cell with lockable stem in case of 365-nm desorbing light
with intensity of 8 mW/cm?. The horizontal offset of the peaks is
due to the difference in the time when the desorbing light was
applied.

will label cells 1-4, respectively. All these cells were made
using the method described in Ref. [31] and contain Rb with
natural isotopic abundance. Cells 1 and 2 were coated with
the same paraffin as used in the lockable-stem cells and the
cells used in Ref. [31]. Cells 3 and 4 were coated with a
different paraffin (Luxco wax F/R130). The cells were ex-
posed to 514-nm light with an intensity of 74 mW/cm?. On
the first trial only cell 1 showed any response to the desorb-
ing light. After baking the cells overnight at 70 °C all the
cells showed significant improvement of their LIAD proper-
ties. The results are summarized in Table III. The results
indicate that both paraffins are similar in their LIAD proper-
ties. However, the process of “ripening” plays an essential
role in the desorption properties of the coating. This leads to
a conclusion that cell preparation and history can signifi-
cantly change the observed LIAD properties.

VIII. CONTROL OF ATOMIC DENSITY USING LIAD

In order to demonstrate the use of LIAD for controlling
atomic density, we performed two experiments with the

TABLE III. LIAD in Rb cells with different paraffin coatings.
The cell number, paraffin type, the initial density of atoms ny, the
maximum change of the atomic density on, and the maximum
LIAD yield 7 are listed. Desorbing light at 514 nm with intensity of
74 mW/cm? was used.

Cell i on

number Paraffin type (10°cm™3)  (10°em™) 7
1 Ref. [31] 2.3 1.2 0.5
2 Ref. [31] 2 | 0.5
3 Luxco wax F/R130 1.8 1 0.6
4 Luxco wax F/R130 1.8 0.5 0.3
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FIG. 9. Demonstration of switching of Cs atomic density using
LIAD with a lockable-stem cell (stem closed). The intensity of the
desorbing 405-nm light (FWHM=15 nm) is shown on the lower
trace.

lockable-stem Cs cell. The source of the desorbing light in
both cases was an array of four light-emitting diodes (LEDs)
with central wavelength of 405 nm (FWHM=15 nm). The
LED-array light intensity is modulated via changing the cur-
rent. In Fig. 9 a two-pulse desorption sequence is demon-
strated. In this case, the initial light intensity for both pulses
is the maximum available =9 mW/cm? used to minimize
the density ramp-up time 7. In this way, relatively fast
switching time of =2 s for the Cs atomic density change of
~1x 10" atoms/cm? is realized. Unfortunately, there is no
analogous control over the density ramp-down time, which is
correspondingly lower, =15 s. Stabilization of the atomic
density in the cell (stem closed) over a period of more than
20 min with an instability less than 1.5X 10? atoms/cm? is
shown in Fig. 10. The lower trace on the plot shows the
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FIG. 10. Demonstration of Cs atomic density stabilization using
LIAD with lockable-stem cell (stem closed). The intensity of the
desorbing 405-nm light (FWHM=15 nm) is shown on the lower
trace.
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FIG. 11. Normalized maximum LIAD yield in Rb lockable stem
cell (stem closed) as a function of desorbing light
wavelength—514 nm (Ar laser), 365 nm (filter FWHM=60 nm),
and 313 nm (filler FWHM =25 nm).

desorbing-light intensity. Note that the cell temperature
variation during the entire cycle when the vapor density is
increased with the help of LIAD by a factor of 1.5 is less
than 0.5 °C. Varying the cell temperature by =3 °C would
be required to achieve this vapor-density change thermally.

IX. DISCUSSION AND CONCLUSION

We have explored the LIAD effect in paraffin-coated Rb,
Cs, K, and Na cells extending the range of the desorption-
light spectrum from visible to uv. We used lockable-stem
cells in order to reduce, to a large degree, the relaxation of
the alkali-metal atom density due to the stem. The main ad-
vantage of using the lockable-stem cells (stem closed) is the
possibility of obtaining larger densities, for example, a factor
of 5 gain in comparison with an open stem for Rb in our
experiment. More importantly, one obtains a much longer
density relaxation time (7).

In the case of Rb and Cs, atoms with higher saturated
vapor pressure at room temperature, irradiation with a few
tens of mW/cm? of visible (514-nm) light causes a signifi-
cant LIAD effect. With Na and K cells and visible desorption
light, no LIAD was observed.

Two different paraffins used with Rb do not show signifi-
cant difference in the LIAD performance of the cells.

Experiments with uv light (365 and 313 nm) and a Rb
lockable-stem cell show particularly high-yield LIAD. When
using uv light at 365 nm, an order-of-magnitude gain in the
yield of the desorption process (7) is realized in comparison
with using 514-nm light. Intensities as low as 0.25 mW/cm?
at 313-nm light cause even stronger LIAD in Rb. Maximum
LIAD yield in the Rb lockable-stem cell (stem closed) nor-
malized to intensity [55] is plotted in Fig. 11 against the
wavelength of the desorbing light—514 nm (Ar laser),
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365 nm (filter FWHM=60 nm), and 313 nm (filter FWHM
=25 nm). A strong increase of the yield occurs towards
shorter wavelengths.

In the case of K lockable-stem cell and uv desorbing light
(365 nm) we registered much faster relaxation (short 7,
time) of the vapor density compared to the case of Rb and
Cs. Note that insufficient ripening is not a likely reason for
the difference because K vapor pressure in the cell (open and
closed stem configurations) was within 30% of saturated K
vapor pressure at the same temperature.

We plan to extend the study of LIAD of alkali-metal at-
oms in paraffin-coated cells towards the 200-nm range (with
cells made of uv-transmitting glass). This will reveal whether
the yield continues to increase for shorter wavelengths, or
whether the presently observed dependence is the long-
wavelength portion of a broad resonance. Indeed, resonant
photodesorption was observed for some other systems, for
example, CO on Ni [56] (resonance centered at 270 nm,
FWHM=85 nm).

Combining the increased LIAD efficiency in the uv range
with the use of closed-stem cells opens the door to practical
applications, for example, for stabilizing or modulating the
atomic density. Thus we may replace complicated (for ex-
ample, nonmagnetic) and high-power-consuming heating
systems with a simple LIAD scheme with desorbing light
produced with uv light-emitting diodes. This is demonstrated
in this work with a Cs lockable-stem cell; see Figs. 9 and 10
that show stabilization and pulsing alkali-metal vapor density

PHYSICAL REVIEW A 79, 012902 (2009)

using LIAD. Such fast, high-contrast control of the vapor
density is hard to achieve by heating or cooling the vapor
cell.

LIAD may become a useful technique in the ongoing
work aimed at developing highly miniaturized atomic fre-
quency references [51,52], magnetometers [53], and gyro-
scopes. These devices take advantage of miniature atomic
vapor cells with physical dimensions on the order of 1 mm
or smaller [22,54]. In order to increase the signal in such
miniaturized cells, an efficient method to elevate the atomic
density is required. As it is shown in Ref. [32], compared to
changing vapor densities by heating coated cells, LIAD may
offer significant improvement in terms of spin-relaxation
times.
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