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Surface scattering of atoms for high-sensitivity spectroscopy
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High-sensitivity laser spectroscopy is integral to applications such as atomic clocks, quantum comput-
ers, and chemical sensing. Lowering the atomic temperature decreases spectral Doppler broadening and
increases the transit time across the excitation laser. We find that a polydimethylsiloxane (PDMS)-coated
surface can cool iron atoms from approximately 1400 K to room temperature by surface scattering. It is
also apparent that a single scattering event is enough for atoms to equilibrate with the surface tempera-
ture of the PDMS. Further, we reveal the very low adsorption of iron and ytterbium atoms on PDMS, an
effect that persists at surface temperatures down to 200 K. Through numerical simulations, we demon-
strate the potential use of surface scattering in creating a room-temperature source of collimated atoms
with enhanced flux and reduced velocity compared to one without surface scattering.

DOI: 10.1103/w5z1-c6£7

I. INTRODUCTION

Laser-based spectroscopic techniques are routinely used
in laboratories for optical spectroscopy, which requires
high sensitivity [1]. Atomic clocks [2,3], quantum com-
putation [4], atomic-collision studies [5—7], stable isotope
tracers [8], chemical sensing [9—11], and monitoring alloy
compositions [1] are a few applications in which high-
sensitivity laser spectroscopy plays an integral role.

Doppler broadening is the main factor limiting the res-
olution of laser spectroscopy. This broadening is due to
the distribution of atom-velocity components along the
laser direction, which produce shifts in the resonant fre-
quency of the atoms. Doppler broadening can be reduced
by collimating the atoms and exciting them with a laser
perpendicular to the collimated atom beam. However, col-
limation, typically with a slit or aperture, causes the atom
beam to suffer a considerable loss of flux. Another way
to mitigate Doppler broadening is to reduce the tempera-
ture, which is typically fixed by the oven used to create the
atom vapor. Reducing the oven temperature will, however,
also reduce the flux and the signal. Therefore, a separate
method to cool the atoms while maintaining the vapor
pressure is needed.

The cooling and slowing of atoms not only helps to
reduce Doppler broadening but also increases the tran-
sit time of atoms across the excitation laser. The longer
the transit time, the more excitation-emission cycles can
occur in an atom, thus improving the signal from it. Atoms
from an effusion oven have typical temperatures of 500 to
2000 K. Atoms from an iron effusion oven [12] operating
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at 1970 K have a most probable velocity (vmp) of 758 m/s,
while the same iron atoms at 298 K have a vy, of 298 m/s,
potentially doubling the transit time.

Atom slowing is a key step in optical trapping [13].
Trapped atoms are currently used in applications including
optical clocks [2], quantum computing [4], quantum sens-
ing [14], and studies of Bose-Einstein condensation [15].
Atoms from an oven are cooled to the K and mK ranges
with techniques such as Zeeman cooling [13], chirp cool-
ing [16], or buffer-gas cooling [17]. These techniques are
used to slow atoms before trapping. Buffer-gas cooling is a
general technique, while Zeeman and chirp cooling require
significant adjustments for atoms of different elements.
Buffer-gas cooling requires careful control of the flow rate
to maintain adequate vacuum conditions for the exper-
iment. Additionally, atoms cooled by buffer gas exhibit
transit velocities that differ from the expected thermal
average velocity.

In addition to cold-atom beams, atoms in room-
temperature vapor cells are also used for atom traps
[15,18,19]. The inner walls of vapor cells are coated
with antirelaxation coatings [20—22] of long-chain poly-
mers such as paraffin and polydimethylsiloxane (PDMS),
increasing the probability that an atom is trapped [20,23].
Moreover, such coatings preserve the spin polarization
of atoms over many collisions. Only a few studies have
examined the number of scattering events required for an
atom to adsorb onto the walls and become lost, and stud-
ies examining how many scattering events it takes for an
atom to equilibrate to the surface temperature are similarly
rare [20,21,24,25]. Studies of atom scattering from such
coatings are instead focused on antirelaxation properties
[26-28].

© 2025 American Physical Society


https://orcid.org/0000-0003-0857-7528
https://orcid.org/0000-0001-6146-4851
https://orcid.org/0000-0002-6908-8907
https://ror.org/00hj54h04
https://crossmark.crossref.org/dialog/?doi=10.1103/w5z1-c6f7&domain=pdf&date_stamp=2025-06-27
http://dx.doi.org/10.1103/w5z1-c6f7

AJITH, BARR, and RAIZEN

PHYS. REV. APPLIED 23, 064063 (2025)

A few studies have sought to estimate the adsorp-
tion energy of atoms on antirelaxation coatings [7,21—
23,27-32]. It has been found that the physical adsorp-
tion of rubidium atoms on paraffin has an adsorption
energy of 0.1 eV [30]. The shallow adsorption energy of
atoms on these coatings [29-31] facilitates desorption of
atoms with low-intensity light. This effect is called light-
induced atomic desorption (LIAD) [18,19,33,34]. Inter-
estingly, these coatings have dwell times a few orders of
magnitude larger than those expected from their desorp-
tion energies [29,32,35]. The dwell time of rubidium on
PDMS is around 22 ps [29]. Such long dwell times per-
sist even at low temperatures for certain coatings. From
room temperature to 123 K, rubidium atoms on a tetracon-
tane (paraffin)-coated surface have a dwell time of around
4 us [35].

In this paper, we propose a method to cool atoms
from temperatures as high as 1400 K to room tempera-
ture, 298 K, through surface scattering of hot incoming
atoms with a PDMS coating. The next section discusses
the methods used in this study. The atom temperature
is estimated using laser fluorescence spectroscopy. In the
results section, we estimate the temperatures of the incom-
ing and scattered atoms and establish that almost all atoms
are scattered from the surface. Another result is that a
single adsorption-desorption event from the PDMS coat-
ing appears to be sufficient for atoms to equilibrate with
the surface temperature. Finally, we explore the feasi-
bility of surface scattering as a room-temperature atom-
beam source through numerical simulations, discuss the
advantages of such a source, and conclude with future
applications of this technique.

II. METHODS

In this section, experiments and simulations involv-
ing collimated iron and ytterbium atoms scattered from
a PDMS-coated surface are described. We begin with
the coating procedure used to prepare the PDMS sur-
faces, and we then detail our atom sources, fluorescence
laser spectroscopy methods, and thickness-monitor mea-
surements. Finally, we present the details of the numerical
simulations.

A. Substrate preparation

The scattering surfaces were produced by spin-coating
and subsequently curing a thin layer of Dow SYLGARD
184 onto substrates made from microscope slides or INFI-
CON thickness-monitor crystals. SYLGARD is a trade
name for a self-curing formulation of the silicone poly-
mer PDMS. The viscosity of uncured PDMS is too great to
achieve a uniform thin film with rotation speeds accessible
to the spin-coater; however, diluting the polymer in a com-
patible solvent, such as toluene, allows for the controlled
production of thin films by carefully adjusting the ratio of

solvent to PDMS. For this study, liquid PDMS was diluted
with toluene in a 10:1 solvent:polymer ratio. This solution
was transferred to the substrate via micropipette and spun
on a spin-coater at 3000 rpm for 1 min. The solvent rapidly
evaporates during the spinning process, leaving a visually
uniform spot. Curing the film was accomplished by plac-
ing the coated substrate into a dish on a laboratory hotplate
heated to 65°C for 1-2 h. An optical image of a PDMS-
coated glass surface is shown in the Supplemental Material
[36]. Earlier studies using a similar protocol with poly-
methylmethacrylate measured the resulting film thickness
at roughly 1 pwm [37]. Estimates of the thickness of the
PDMS films we produced using quartz monitor crystals
were consistent with this value. The surface morphology of
thin PDMS films has been well characterized in previous
studies [38].

B. Experimental setup

Experiments were performed with an iron-atom beam
produced by laser ablation and an ytterbium-atom beam
from an effusion oven. The high melting point and low
vapor pressure of iron [12] make it a potentially interest-
ing test case for cold-atom-beam techniques. Furthermore,
ytterbium is included in this study partly because the rel-
atively stable higher flux that can be achieved with an
effusive oven is beneficial for some measurements. Details
of the ytterbium oven are available in earlier publications
[39]. This section focuses on the generation of the atomic
iron beam.

We find that the laser ablation of iron oxide powder
generates a flux of vaporized atomic iron. This experi-
ment used iron (III) oxide (Fe,O3) powder, with particle
size <5 pm, obtained from Sigma Aldrich. Iron oxide
nanopowder, with particle size <50 nm, was found to
result in a less consistent flux of atomic iron than the
micrometer-grained powder.

Preparation of the iron powder involved placing a small
amount into an alumina crucible (height: 1”, diameter:
1/2”) and compressing it to produce a uniform surface for
exposure to the infrared ablation laser. The powder was
pressed into the crucible using a flat-bottomed tamping
rod with a diameter nearly equal to the interior diame-
ter of the crucible. The collimating aperture was created
by mounting a thin copper plate with two 1-mm-diameter
through-holes on top of the crucible.

Schematics of the experimental setup are shown in
Fig. 1. The sample-containing crucible was placed in vac-
uum and then ablated using an IPG continuous-wave (CW)
fiber-coupled 1064-nm yttrium aluminum garnet laser at
1-2 W. This ablation laser was chopped at 40 Hz, which
was found to improve the stability of the fluorescence sig-
nal from the ablated iron. The infrared ablation laser was
focused on the powder surface through one of the two
apertures in the top plate. The resulting collimated beam
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of atomic iron exiting the opposite aperture was slanted
15° from the normal to the ablated powder surface. This
slanted collimated beam was crossed at right angles by
the CW fluorescence excitation laser, tuned to the 372-nm
transition of iron (a’Dy <> z°Ps). The Grotrian diagram for
this transition is shown in Fig. 2. The excitation laser was
locked to a wavemeter, with computer control of the laser
tuning parameters via a custom LabVIEW program.

The resulting 372-nm fluorescence was collected and
focused onto a photomultiplier tube (PMT), and the PMT
signal was then fed into a lock-in amplifier using a chop-
per wheel as a reference. The excitation beam was tuned
across a range of approximately 2 GHz while measuring
the intensity of fluorescence, producing spectra in which
peaks corresponding to each of the stable iron isotopes,
4Fe, 3°Fe, *'Fe, and *%Fe, appear. Figure 3(a) shows a
typical iron spectrum. The heights of each peak provide
a measure of relative isotopic abundance.
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FIG. 2. Grotrian diagrams for the 372-nm transition of atomic

iron and the 399-nm transition of atomic ytterbium (not to scale).
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Schematics of the experimental setups used for experiments with (a) iron and (b) ytterbium atoms.

A PDMS-coated substrate was attached to a feedthrough
on the vacuum chamber and positioned just above the
observation volume, where the excitation laser and col-
limated atom beam intersect, as shown in Fig. 1. The
collimated atom beam makes a 15° angle with respect to
the PDMS surface normal and scatters from the PDMS
surface. The scattered atoms are excited by the same laser
along with the collimated atoms.

This experiment was repeated with a beam of collimated
ytterbium atoms incident normal to a PDMS-coated sub-
strate, although without the flux modulation of the iron
setup. Depending on the experiment, the substrate was
mounted either on a liquid-nitrogen cold finger or a quartz-
crystal thickness monitor. The ytterbium oven was run at
750 K and produced a constant flux throughout the exper-
iment. We used the direct PMT voltage as a measure of
fluorescence intensity.

Spectra were produced for the 399-nm transition of
ytterbium ('Sy <! Py). The Grotrian diagram for this tran-
sition is shown in Fig. 2. In Fig. 3(b), the purple circles plot
the spectrum of the collimated ytterbium atoms. The seven
peaks resolved in the spectra are '7Yb, '*Yb (F' = 5/2),
74%yb, 172Yb, '3Yb (F' =7/2), 'Yb (F' =3/2), and
Y (F = 1/2).

For both the iron and ytterbium experiments, the cham-
ber pressure with the atom beam was in the approximate
range from 1076 to 10~ Torr.

C. Coating thickness

An INFICON quartz-crystal monitor (QCM) was used
to estimate the coating rate and the thickness of the
deposited film for an ytterbium atomic beam incident on
both PDMS-coated and bare monitor crystals, which have
a thin matte coating of gold. The mass change due to the
deposition of ytterbium from the atomic beam shifts the
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normalized with respect to the highest peak intensity.

crystal’s resonant frequency in a predictable way, provid-
ing a sensitive measurement of the coating thickness on
the crystal. Normalized before-and-after measurements of
the resonant-frequency shift for both coated and bare crys-
tals allow a direct comparison of the fractions of atoms
scattered by coated and uncoated surfaces.

D. Simulation of an atom-beam source

A simple numerical simulation was used to provide a
proof-of-principle demonstration of polymer-coated sur-
faces as a cold-atom source. Two cases were compared.
In the first case, the flux and Doppler broadening of
atoms incident on a collimating slit from a point source
is considered. The second case introduces an intermedi-
ate scattering surface between the point source and the
slit, examining the flux and Doppler broadening of atoms
passing through the slit after scattering from the surface.

For the surface-scattering model, a square surface with
its midpoint lying some distance above the point of abla-
tion scatters atoms toward a collimating slit. This slit is

(a) (b)
IR Laser /ﬁ
FIG. 4. (a) Laser ablation and collimation by a slit. (b) Laser

ablation followed by scattering from a surface, with subsequent
collimation by a slit placed below the line of sight of the ablation
point.

—500 0 500 1000 1500

Laser detuning (MHz)

~1000 2000

Fluorescence spectra of (a) collimated iron and (b) ytterbium atoms for the 372- and 399-nm transitions. The spectra are

placed parallel to the scattering surface but away from the
line of sight of the ablation point, located on the edge of a
step, or “cliff,” as shown in Fig. 4(b). The surface is angled
such that part of the scattered flux reaches the slit, which is
below the level of the step.

The flux from the ablation point is assumed to have a
cosine distribution with respect to the surface normal [25].
The atoms scattered from the surface are further assumed
to thermally equilibrate with the surface and scatter at
room temperature. While the scattering surface is itself an
extended source, because the scattering is approximated as
being purely diffuse, each individual point on the surface
can be modeled as a point source of flux with a cosine dis-
tribution relative to the surface normal. The behavior of
the continuous extended source can be approximated with
a sufficiently dense grid of scattering points; a total of 10°
points were used in this study.

The fraction of the original ablated flux that ultimately
passes through the collimating slit can be computed in
two steps: first, by determining the fraction of the ablated
flux that strikes and is scattered by the surface; and sec-
ond, by calculating the fraction of this scattered flux that
subsequently travels through the collimating slit.

III. RESULTS AND DISCUSSION

A. Temperature of scattered atoms

The temperatures of the collimated incoming atoms and
the scattered atoms are estimated by fitting Voigt functions
to the spectra.

A spectrum from the iron-atom beam for a collimation
ratio of 0.021 is shown in Fig. 3. We define the collimation
ratio as the radius of the collimating aperture divided by the
distance of the aperture from the ablation point. This spec-
trum shows the fluorescence peaks of the stable isotopes
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FIG. 5. The temperature of the incident iron atoms is estimated

by fitting a Voigt profile to the peak of an iron isotope in the spec-
trum of the collimated atoms. Here, the peak for *°Fe is fitted,
obtaining a FWHM of 60 MHz. For a collimation ratio of 0.021,
this FWHM corresponds to a temperature of 1418 K.

of iron for the 372-nm transition. We fit the isotope peaks
with a Voigt function to estimate the temperature of the
atoms in the collimated beam. Figure 5 shows a representa-
tive fitting. The temperature estimate from this fit indicates
that the incoming atoms are at a temperature of approxi-
mately 1418 4= 130 K. The uncertainty in the temperature
arises from the uncertainty in the collimation ratio.

We then introduce a PDMS-coated glass surface into the
path of this 1400-K iron-atom beam. The 372-nm excita-
tion laser is aligned adjacent to the point at which the atom
beam impacts the PDMS coating. Thus, both incoming col-
limated atoms and the scattered atoms from the PDMS
surface are excited by the 372-nm laser. We present the
resulting spectrum in Fig. 6, with data points represented
by blue circles. The same experimental parameters, but
with the PDMS-coated glass surface removed, produce the
spectrum with data points represented by pink stars. The
spectrum with the PDMS-coated surface has a background
due to atoms scattered by the coating. This background is
not due to fluorescence excited in the glass substrate or the
PDMS coating by the laser, as the lock-in amplifier would
filter this background fluorescence.

The background spectrum is fitted with a Voigt function
to extract the temperature of the scattered atoms. The solid
orange line in Fig. 6 shows a representative fit. The fit is
repeated over multiple datasets as the substrate is moved
to expose different areas of the PDMS coating to inter-
act with the atom beam. The temperature estimates of the
scattered atoms thus obtained from these fits are shown as
a histogram in Fig. 7. We find that the mean temperature
value of the scattered atoms is 285 K with a standard devi-
ation of 22 K. We expect the substrate to be equilibrated to
the laboratory temperature, which is maintained at 293 K.
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FIG. 6. Fluorescence spectrum when the excitation laser is
aligned very close to a PDMS-coated glass surface, which scat-
ters the collimated atom beam. The sharp peaks in the spectrum
are due to the collimated atoms, and the broad background is
due to the scattered atoms. The blue circles show the data when a
PDMS-coated glass slide is used. For comparison, a substrateless
spectrum with the experimental parameters otherwise the same is
plotted with pink stars. The background is fitted with a Voigt pro-
file to estimate the temperature of the scattered atoms. Spectrum
measured for a collimation ratio of 0.01 and lock-in time constant
of 0.3 s.

Our measurement of the temperature of the scattered atoms
is close to the temperature of the surface from which the
atoms are scattered. This temperature, around 293 K, is
lower than the original atom temperature of 1400 K by
almost a factor of 5. The most probable velocity of the
atoms is halved.
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FIG. 7. Histogram of the estimated temperatures from 44 inde-

pendent spectra of scattered atoms from PDMS-coated glass
slides. The mean temperature of the scattered atoms is 285 K
with a standard deviation of 22 K.
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The experiments suggest that the temperature equili-
bration occurs through a single scattering event. This is
mainly because the collimated incoming atom beam is
interacting with the PDMS surface only once and outgoing
scattered atoms move in straight lines away from the sur-
face. We see fluorescence only in places where we expect
atoms to move in straight-line paths; therefore, there is
no build-up of iron or ytterbium atoms in the vacuum
chamber.

B. Percentage of scattered atoms

Next, a PDMS-coated surface was exposed to an atom-
beam flux for an extended period and the degree of coating
was measured. Laser ablation of iron powder does not yield
the large stable iron-atom flux needed to measure such a
slow coating rate. Thus, an ytterbium beam produced by
a hot oven [39] was used instead. Exposing a thickness-
monitor crystal to the ytterbium-atom beam for 100 min
produced a visible coating of 162 nm. For a PDMS-
coated surface, even at twice the exposure time (200 min),
there was no visible coating on the crystal (Fig. 8), and
no increase in mass in the QCM measurements. This
demonstrates that the majority of atoms interacting with
the PDMS surface are scattered. Additionally, the high
percentage of atoms scattered is not merely a transient
behavior of freshly coated surfaces. The thickness-monitor
measurements were taken in the dark, eliminating the pos-
sibility of LIAD effects. The “non-stick” behavior of the
PDMS coating is consistent with the low sticking proba-
bility of approximately 10~> measured for rubidium atoms
on PDMS [29].

C. Substrate cooling

Next, we investigated whether ytterbium scattering per-
sists in chilled substrates by mounting the substrate on a
liquid-nitrogen cold finger. Our cold finger takes roughly

FIG. 8. (a) Thickness-monitor crystal (gold-coated quartz)
after exposure to a Yb-atom beam for approximately 100 min,
resulting in a 162-nm-thick Yb coating. (b) A PDMS-coated
crystal exposed to a similar flux of a Yb-atom beam for 200 min.
No coating of Yb is visible or observed in measurements.

three hours to equilibrate to around 100 K from room
temperature. This cooling period is sufficient to take mea-
surements at different surface temperatures. At every tem-
perature, we detected the presence of atom scattering by
observing the fluorescence spectrum of ytterbium. As with
the iron spectrum, a broad background indicates the pres-
ence of scattered atoms. Unlike iron, ytterbium has more
than one intense isotope peak in its spectrum. Thus, the
background cannot be approximated by a single Voigt
function, as was done for the iron spectrum. This nontriv-
ial background fitting makes the temperature estimation of
the scattered ytterbium atoms challenging. Nevertheless,
the background of the spectrum indicates the presence of
the scattered atoms.

The top row of Fig. 9 shows spectra for ytterbium when
the excitation laser is aligned close to the point at which
the collimated atoms fall on a thickness-monitor crystal
coated with a 10% PDMS solution. The y axis shows
the PMT voltage without any normalization. As with the
iron spectrum, the sharp peaks are due to the collimated
incoming atoms, and the broad background is due to the
scattered atoms. For reference, a spectrum when the sub-
strate is removed from the path of the incoming collimated
atoms is plotted with a purple dotted line. The inten-
sity maximum of the background is approximated by the
local minima between the isotope peaks '>Yb (F' = 7/2)
and '"'Yb (F' = 3/2). In the representative spectra for
a few substrate temperatures shown in the top row of
Fig. 9, the background intensity maxima are marked with
dashed blue lines. The bottom panel of Fig. 9 shows a
plot of background intensity maxima versus substrate tem-
perature. The difference between the background intensity
maxima and the value for the substrateless spectrum is pro-
portional to the number of scattered atoms. Figure 9 shows
that the number of scattered atoms remains approximately
unchanged for substrate temperatures in the range from
290 to 210 K, as the corresponding spectral backgrounds
overlap, with similar background intensity maxima. Below
190 K, the background begins to decrease, and spectra
below 170 K overlap the substrateless spectrum. This trend
is clearly seen in the background intensity maxima, where
below 170 K, the values are comparable to the background
intensity maxima of the substrateless spectrum, shown
with a “dot-dash” red line in Fig. 9. This suggests that
below substrate temperatures of 170 K, nearly all the ytter-
bium atoms are adsorbed onto the PDMS surface. Changes
in the physical properties of PDMS due to embrittlement
below 200 K [40] could be the reason for this change in
scattering from the PDMS surface.

Although PDMS coatings do not scatter Yb atoms below
200 K, there could be other polymer coatings that can.
In another study, it was seen that the dwell time of
rubidium on tetracontane is similar at both room tem-
perature and 123 K [35]. The same coating is found
to scatter rubidium atoms at surface temperature [25].
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Top row: ytterbium fluorescence spectra for the 399-nm transition when the excitation laser is aligned very close to the

surface of a PDMS-coated thickness-monitor crystal, which scatters the collimated atom beam. The sharp peaks in the spectrum are
due to the collimated atoms, and the broad background is due to the scattered atoms. Multiple sharp peaks in a given spectrum arise
from the presence of different ytterbium isotopes in the collimated atom beam. Different spectra correspond to different substrate
temperatures. For comparison, a substrateless spectrum with the same experimental parameters is plotted with a purple dotted line.
The blue dashed lines on each spectrum mark the local minima between the isotope peaks '>Yb (F' = 7/2) and 7' Yb (F' = 3/2). This
value is approximated as the maximum intensity of the background due to the scattered atoms and plotted separately (green triangles)
in the bottom plot for different substrate temperatures. The red “dot-dash” line shows the maximum intensity of the background for a

substrateless spectrum.

Tetracontane surfaces would be worth investigating for
lower-temperature scattering of atoms.

D. Atom source

In the numerical simulations, for the purpose of compar-
ison with the scattering case, a collimating slit 1 mm wide,
10 mm long, and lying 10 mm above the ablation point is
considered. These values were chosen for ease of compar-
ison. With these parameters, the slit produces a collimated
atomic beam consisting of roughly 3.5% of the original
flux, with a Doppler width of around 50 MHz.

For the scattering system, the height of the scattering
surface above the ablation point, its angle of tilt, and the
dimensions of the surface all affect the Doppler broadening
and flux of atoms passing through the slit [see Fig. 4(b)].
If the surface is positioned close to the ablation point,
it is possible to achieve an enhancement of flux relative
to the nonscattering case. The enhancement calculation
is shown in the Supplemental Material [36]. Part of the
flux that would otherwise be lost is scattered on a tra-
jectory that passes through the slit. The degree of flux
enhancement varies from a few percent to a maximum of
around 50%.

As an example, let us choose the surface to be an 8 x
8 mm? square, with its midpoint 4 mm above the ablation
point and rotated nearly 45° with respect to the vertical.
The angle of the tilt is set to expose as much of the surface
as possible to the ablated flux while ensuring that every
point on the surface has a line of sight to the collimating
slit unobstructed by the “cliff” edge. The collimating slit
is located 10 mm away from the surface and is parallel to
it. The slit length is again 10 mm, but the width is chosen
to be 1.2 mm to match the Doppler width of the slit-only
case.

For these parameters, the fraction of total flux through
the collimating slit is around 5.2%, with a Doppler width
again of 50 MHz, meaning that the collimated flux scat-
tered from the surface is improved by around 50% rela-
tive to the case for a slit alone, but at room temperature
rather than 1400 K, and with the same degree of Doppler
broadening.

IV. CONCLUSIONS

We propose a method to cool atoms using atom-surface
scattering. Our experiments show that an approximately
I-pm-thick coating of PDMS can scatter and cool iron
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atoms at approximately 1400 K to surface temperature.
Further, we find that almost all ytterbium atoms falling
on the PDMS are scattered, and this scattering persists
even for substrate temperatures as low as 200 K. Through
a numerical simulation, we show the possibility of using
the key findings of atomic thermal equilibration and “non-
stick” properties of PDMS surfaces for a room-temperature
atom source. This simple technique helps improve the sig-
nal levels in high-sensitivity laser spectroscopy by reduc-
ing Doppler broadening without sacrificing flux, and by
increasing the transit time of atoms in the experimental or
observation volume. Moreover, the technique can be a first
step in cooling atoms from high-temperature sources for
cold-atom experiments.
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