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Mapping optical standing-waves of an open-access Fabry-Perot cavity

with a tapered �ber
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Laboratoire Kastler Brossel, ENS-Université PSL, CNRS, Sorbonne Université, Collège de France, 24 rue Lhomond, 75005 Paris,
France

(Dated: 11 February 2020)

We describe a method to map the standing-wave pattern inside an open-access Fabry-Perot optical cavity with sub-
wavelength resolution by perturbing it with a commercially available tapered fiber. The method is applied to a fiber
Fabry-Perot microcavity. We demonstrate its use to determine the relative position of the antinodes at two different
wavelengths. In addition, we use the tapered optical fiber as a point-like source allowing precise positioning of a
microscope objective with respect to the cavity mode.

I. INTRODUCTION

Measuring the standing-wave intensity distribution inside a
Fabry-Perot optical cavity is a challenging task that has prac-
tical importance for enhancing the field-emitter coupling in
cavity quantum electrodynamics (CQED) and its applications
in quantum technologies, such as single-photon sources1 and
quantum interfaces.2 Knowledge of the intensity distribution
is important for optimum positioning of a quantum emitter in-
side the cavity, and for determining the emitter-field coupling
that can be achieved. Factors such as deviation of the mirror
shape from an ideal sphere, or wavelength-dependent pene-
tration depth of the field into the multilayer dielectric mirror
may lead to significant deviations of the intracavity field from
a simple calculated distribution.3 In addition, in many CQED
and quantum interface experiments with neutral atoms,4–7 two
standing waves of different wavelengths are present in the cav-
ity, one forming an optical lattice to trap the atoms and the
other providing resonant or slightly detuned coupling. Here,
the relative positioning of the two fields determines the cou-
pling strength at a given lattice site. For recent atomic CQED
experiments,6,8–10 the cavity mode also has to be precisely po-
sitioned with respect to other external optical elements such as
high numerical aperture (NA) objectives. In this context, the
ability to not only map the standing wave but also reveal its
absolute position is especially relevant.

Since the pioneering experiment of Wiener,11 probing
standing-wave patterns has been achieved by using specific
photodetectors thinner than the optical wavelength,12 which
are now used in standing-wave sensors and spectrometers.13

However, this method cannot be implemented in a high-
finesse cavity due to the large losses introduced by the
detector. In whispering-gallery-mode resonators and pho-
tonic crystal cavities, the cavity field can be measured by
probing the evanescent field with scanning near-field optical
microscopes.14–17 But this approach is not applicable to open-
access, three-dimensional cavities such as the Fabry-Perot res-
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FIG. 1. (a) Schematic of the experiment to map the modes of a
fiber Fabry-Perot by using the tip of a tapered fiber (shown in green).
The tip induces spatially dependent losses on two TEM00 modes at
780nm (blue) and 1559nm (red), which are detected by measuring
the transmission spectra of the cavity on separate photodetectors. Di-
mensions are not to scale. (b) Image via a low-resolution microscope
showing the fiber cavity (horizontally oriented) and the tip (vertically
oriented).

onators (unless adding a prism inside a low-finesse cavity18).
In a landmark experiment in 2001,19 a trapped, laser-cooled
ion was employed to map out the standing-wave pattern of
a high-finesse Fabry-Perot cavity in vacuum. More recently
in the context of quantum optomechanics, custom-made high-
frequency vibrating nanorod oscillators gave access to spa-
tially resolved field information.20–22 Another possibility for
detecting intra-cavity optical standing waves in an optome-
chanics setting is to use nanomembranes, whose effect is to
induce a position-dependent dispersive shift and losses,23,24

with the limitation to provide only a one-dimensional map-
ping of the optical mode and to require large optical access.

Here, we describe a standing wave mapping method for
Fabry-Perot or other open resonators based on the perturba-
tion of the cavity mode by a commercially available sub-
wavelength sized tip, originally intended for scanning near-
field optical microscopy. We use this method to measure the
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relative positioning of two standing-wave fields one octave
apart inside a fiber Fabry-Perot microcavity.7,25 More specif-
ically, our microcavity setup aims at enabling maximum and
uniform coupling between cold rubidium atoms and a cav-
ity mode at a wavelength λ1 close to the D2 line of 87Rb at
780 nm. As the atoms are optically trapped at the antinodes
of an intra-cavity one-dimensional lattice with a wavelength
λ2 ≈ 2λ1, an essential requirement is that the antinodes for
λ2 overlap with the antinodes of λ1. In this context, the fiber
tip provides a simple tool to verify the correct overlap of the
antinodes of the two commensurable standing waves.

In addition, we used a coated tapered fiber to align a high-
NA objective onto the cavity mode. The tip can indeed be
used as a nearly perfect point source, by coupling light into
the optical fiber and using the light emitted from the tip. At
the same time, monitoring the tip-induced cavity losses allows
us to pinpoint the absolute position of the cavity mode, onto
which the objective can be aligned. Such use of the fiber tip
as a nanoscopic lighthouse finds important applications in ex-
perimental designs where the cavity mode has to be precisely
positioned with respect to other optical elements.

II. MEASUREMENT PRINCIPLE

Our method for visualizing intra-cavity standing waves
is based on the use of a pointed probe object with sub-
wavelength tip size. When the probe is inserted in the cavity,
it introduces additional optical losses that depend on the lo-
cal overlap between the tip and the cavity mode (see Fig. 1,
not to scale). This perturbation can be detected as variations
of the amplitude and of the spectral width of the cavity reso-
nance. Thus, moving the probe along the cavity axis allows
reconstructing the spatial distribution of the optical standing
waves.

More quantitatively, the round-trip losses introduced by the
probe L (x,y,z) depend on the tip position given by (x,y,z),
where z is the coordinate along the cavity axis (see Fig. 1).
When the tip is displaced along z at constant x and y, the losses
will change periodically between a minimum and a maximum
value, corresponding to the positions of respectively the nodes
and antinodes of the intra-cavity standing waves. These losses
add to the intrinsic cavity losses, such as transmission, scatter-
ing and absorption of the mirror coatings. The on-resonance
intensity cavity transmission T and the finesse F are then
modified as follows:

T (x,y,z)
T0

=

(
1+

F0

2π
L (x,y,z)

)−2

(1)

F (x,y,z)
F0

=

(
1+

F0

2π
L (x,y,z)

)−1

(2)

where T0 and F0 are respectively the unperturbed values of
the transmission and of the finesse.

From the measurement of these quantities, we can directly
reconstruct the intra-cavity standing wave pattern given that
the eigenmodes of the resonator are not significantly modified

by the tip. In our measurement, the dispersive shift due to
the tip is indeed about 10−3 times smaller than the free spec-
tral range. Thus, we can consider that the losses induced by
the probe directly reflect the spatial distribution of the unper-
turbed optical fields.

III. EXPERIMENTAL SETUP

A. Fiber Fabry-Perot cavity

The combination of optical cavities with ultracold atoms
is one of the promising avenue for the generation of mul-
tiparticle entangled states.26,27 To reach the strong coupling
regime of CQED and to add individual atoms detection capa-
bilities, we have built a high-finesse fiber Fabry-Perot micro-
cavity operating with high finesse at the two wavelengths of
λ1 = 780nm and λ2 = 1559nm.7 The cavity length is about
L = 135µm and the fiber mirrors are close to being perfectly
spherical with radius of curvature of R = 315µm, see Ref. 7.
The calculated waists at the two wavelengths are w1 = 5.6µm
and w2 = 8.1µm, and the unperturbed cavity finesses are
F1 = (4.5±0.2)×104 and F2 = (7.9±0.3)×104. The cav-
ity has been designed to realize maximum spatial overlap (su-
perposition of the antinodes) between the modes at λ1 and λ2
by choosing an appropriate phase shift between the modes at
their reflection on the dielectric mirrors. The mapping method
presented here provides a direct confirmation of the spatial
overlap of the antinodes at λ1 and λ2.

To keep the setup simple, we avoid a cavity locking servo
by combining reasonable passive stability with a sweeping
scheme. The cavity length is constantly modulated by about
±100nm (which is more than the amplitude of mechanical
vibrations) at 20Hz by means of a piezoelectric actuator. Af-
ter splitting the path of the two wavelengths with a dichroic
mirror, we detect the cavity transmission at λ1 and λ2 on two
independent photodiodes.

B. Tapered �ber

To probe the standing wave, we use a commercially avail-
able tapered optical fiber (Lovalite, Besançon - FR) with an
apex radius of (50± 20)nm , which is an intermediate prod-
uct in the fabrication of tips for scanning optical near-field
microscopy. This probe is inexpensive and its manipulation
does not require much more care than a standard optical fiber
without coating.

The tip is placed on a three-axis translation stage (Thorlabs
MBT616D/M) and positioned inside the cavity. Two piezo
actuators allow moving the tip along the direction of the cavity
axis z and along the direction of the probe tip axis x (Fig. 1).
We adjust the y position of the tip to place it at the center of
the cavity modes. This can be done by finding the minimum
transmission while moving the tip along y. To make sure that z
axis displacement of the tip is parallel to the axis of the cavity
mode, we use the cavity transmission as an indicator: if the
motion is not parallel, the λ/2-modulated cavity transmission
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has a nonzero global slope, due to the fact that the insertion
depth of the tip in the mode changes during the motion. We
manually adjust the angle of the tip relative to the cavity until
a minimum slope is reached over the whole range of the z-axis
piezo actuator of the probe (±10µm around the center of the
cavity). Following this procedure, we estimate the residual
alignment error to be less than 0.2◦.

C. Data acquisition

Once the tip is aligned inside the cavity, we slowly sweep
its z position by ±0.7µm with the piezo actuator. Sweep du-
ration is 100− 250s (i.e., much longer than the cavity mod-
ulation period). At the same time, we keep modulating the
cavity length as before and we record the transmission spec-
tra at λ1 and λ2, as well as the voltage on the tip piezo ac-
tuator (proportional to the displacement along z) with an os-
cilloscope. In this way, we obtain a series of cavity spectra
corresponding to different z positions of the tip. From these
spectra, the values for the perturbed on-resonance transmis-
sion and finesse are extracted. Both the transmission and the
finesse allow us to extract the tip-induced losses L (Eq. (1),
Eq. (2)). However, the measurement of the finesse via the
resonance linewidth is more affected by fast mechanical vi-
brations during the scan that slightly distort the line shape. In
the following, we will present only data based on the measure-
ment of the on-resonance transmission, which provides better
signal-to-noise ratio for L .

The tip position along z is adjusted through the voltage ap-
plied to the piezo actuator of the tip. To calibrate this displace-
ment, we use as a reference the periodic modulation of the
cavity transmission due to the standing wave at λ1 = 780.2nm
(wavelength of the D2 line of 87Rb, to which the laser is set).
From the comparison with a 5-periods standing wave signal
at 1559nm we also estimate a non linear error of the piezo
scan of about 10%. All acquisitions are performed while the
tip moves in the same direction, in order to avoid consider-
ing the hysteresis of the piezo actuator. The reproducibility of
the tip scans along z is mostly limited by vibrations and ther-
mal drifts. By restricting the time for data taking to less than
one hour, we observe that the position of the tip relative to the
maxima of the optical modes along z can be inferred within a
precision of ±30nm.

IV. MAPPING STANDING WAVES

A. Measurement of the overlap between two standing waves

In Fig. 2, we show the result of two distinct sweeps of the
tip along the cavity axis, one for each wavelength λ1 and
λ2. Each point corresponds to a value of the cavity losses
extracted from the on-resonance cavity transmission using
Eq (1). The two sweeps are performed at different insertion
depths (x positions) of the tip, which are chosen to optimize
the signal-to-noise ratio for the standing wave detection (see
IV B).
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FIG. 2. Tip-induced optical losses at λ1 = 780nm (blue) and λ2 =
1559nm (red) as a function of the tip position along the cavity axis,
in which the imprint of the spatial structure of the standing waves
is clearly visible. Experimental data are shown in light colors. We
associate with each data point an error bar (presented only once in
the plot) which we estimate as the fluctuations of the signal (standard
error of the mean over 6 points) when the tip is kept fixed at the same
depth. Thick lines are best-fit curves obtained from Eq (3).

The solid lines in Fig. 2 are best-fit curves obtained by as-
suming the following simple model for the optical losses as a
function of z:

Li(z) = L i +∆Li cos
[

4π

λi
(z− z0,i)

]
, (3)

with four free parameters (mean losses L i, loss variations
with amplitude ∆Li, wavelength λi and spatial offset z0,i) for
each wavelength i = 1,2. The fit function used here to model
the losses variation allows us to fit our data and to extract in-
formation of interest about the standing waves and their over-
lap.

From the best-fit parameters, we obtain λ2/λ1 = 2.0±0.1,
where the uncertainty is dominated by the imperfect repro-
ducibility of the tip scans along z. The fit positions of the
loss maxima at λ2 and λ1 coincide to better than 1nm (which
is partly fortuitous given the absolute position uncertainties
of ±30nm). We can then conclude that the antinodes of
the standing waves are coincident, as intended by cavity de-
sign (see III A). For completeness, we also get the follow-
ing values for the losses due to the tip: L 1 = (147±6)ppm,
∆L1 = (2.65±0.11)ppm for λ1; L 2 = (56±2)ppm, ∆L2 =
(3.57±0.07)ppm for λ2.

As visible in Fig. 2, we limit the measurement to only a
few half-periods of the standing waves. The range of the z-
scan is the result of a compromise between acquiring enough
data for a reliable reconstruction of the periodic signal and
performing the measurement in a short time to avoid drifts.
The main noise source affecting the measured traces is indeed
the vibrations of the cavity and of the tip. Our setup has been
designed to allow high flexibility during the testing phase and
the assembly of the fiber cavity; many improvements could
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be easily implemented to reduce mechanical vibrations, en-
abling better detection of standing waves. However, the fact
that useful data can be obtained without such optimizations
emphasizes the simplicity and robustness of the method pre-
sented here, which does not require strict conditions and can
then constitute an useful tool for the realization of new optical
setups.

B. Optimization of the mapping

In our method, the choice of the immersion depth (x posi-
tion) of the tip into the cavity mode plays a crucial role. As we
will discuss, it affects the signal-to-noise ratio of the standing
wave detection. In addition, it determines the overall disper-
sive shift due to the tip, whose value is important for a correct
interpretation of the position-dependent optical losses. We re-
port in Fig. 3(a) detailed analysis of the perturbation due to the
tip as a function of its depth into the optical modes. The data
are obtained by measuring the cavity spectrum while sweep-
ing the tip along z, as in Fig. 2, for different tip depths x. The
origin x = 0 is set to the estimated position of the optical axis
of the cavity, and higher values of x correspond to more pe-
ripheral positions of the tip. Fig. 3(a) shows the induced losses
L1 and L2 for the two wavelengths. Dots are the losses aver-
aged over one period of the standing wave, while the shaded
regions represent the amplitude of the standing wave modula-
tion for each value of the tip depth. As expected, the perturba-
tion due to the tip is larger for increasing spatial overlap with
the cavity modes.

The variation of the losses with the x position shown in
Fig. 3(a) has an important influence on the signal-to-noise
ratio (SNR) for the detection of standing waves, reported in
Fig. 3(b). We observe the existence of an optimal depth, dis-
tinct for the two wavelengths, which maximizes the SNR. The
presence of an optimum at intermediate depth can be under-
stood from Eq. (1): for L �L0 (where L0 = 2π/F0 are the
losses of the unperturbed cavity), the effect of the tip is too
small to be detectable above the acoustic noise of the cavity
transmission. On the other hand, for L � L0, the perturba-
tion drastically reduces the transmission of the cavity, making
photodetectors noise the leading noise source.

The optimal SNR is obtained at different depth of the tip
for λ1 and λ2 (Fig. 3(b)). This is due to the fact that the two
corresponding cavity modes have different waist sizes and dif-
ferent periodicity. We also see that, as expected, the standing
wave at λ2, where the distance between the maxima is twice as
large as for λ1, can be detected with a better signal-to-noise.
As a consequence, within our experimental framework, it is
nearly impossible to detect the standing waves at λ1 and λ2 si-
multaneously during the same sweep of the tip. However, the
alignment procedure described above allows us to compare
measurements taken at different insertion depth of the tip. By
taking into account the uncertainty of the alignment procedure
(0.2◦) and temporal fluctuations of the angle between the tip
and the cavity (also on the order of 0.2◦), we estimate indeed
that the cross-talk between the z and the x displacement of
the tip is δ z/δx < 5nm/µm. Experimentally, we have com-

(b)

(a)

(c)

FIG. 3. (a) Optical losses induced by the tip for the modes at
λ1 = 780nm (blue) and λ2 = 1559nm (red), as a function of the
depth of the tip into the cavity mode (x position). Higher values of x
correspond to more peripheral positions and the cavity center is esti-
mated to be near x = 0. (b) Measured signal-to-noise ratio (SNR) for
the standing waves detection, as a function of the tip depth x (color
code is the same as in (a). The SNR is defined by the ratio between
the amplitude of the λ/2 modulation, captured by the parameter ∆L
of the fitting function Eq. (3) and the standard deviation of the fluc-
tuations from the fitted signal. (c) Variation of the relative dispersive
shift ∆νr between the two modes (see main text for details) as a func-
tion of x. In (a), (c) the dots are averages over a period λ1,2 (detected
by moving the tip along the cavity axis z at constant x), while the
shaded regions show the amplitude of the z standing-wave modula-
tion, where visible. In (a), at x = 0.5µm (maximal S/N for λ1) the
amplitude of the standing-wave modulation ∆L1 is 1.6% of the av-
erage losses L1.

pared the standing waves for the same wavelength but mea-
sured with different tip depths within the visibility range. We
have not observed deviations of the maxima positions due to
initial misalignment within the uncertainty. The two stand-
ing wave traces shown in Fig. 2 have been acquired by setting
tip depth x such that the SNR is close to maximum for each
wavelength, i.e. at 0.4µm for 780nm and 4.6µm for 1559nm.

Lastly, we consider the dispersive effect due to the tip by re-
ferring to Fig. 3(c). Due to vibrations and drift, the voltage of
the piezo that modulates the cavity length is not a good mea-
sure of absolute cavity length. We can detect only the length
difference between the two resonances for λ1 and λ2. We de-
fine the relative frequency shift between the two resonances
as νr = 2ν2 −ν1, where ν1,2 are the frequencies of the cavity
modes at λ1,2. For this measurement, the tip depths x are re-
stricted to values that allow to detect simultaneously the two
resonances at λ1 and λ2. In these conditions, only the stand-
ing wave modulation at λ2 is resolved and the dispersive shift
is mainly due to the variation of ν2. The shift νr is measured
from the cavity spectra by using the sidebands of an electro-
optical modulator on the λ1 line as a frequency reference. In
Fig. 3(c) we show the variation of the relative dispersive shift
∆νr = νr − νr,0 as a function of the tip depth x (νr,0 is the
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unperturbed value of the relative frequency between the two
modes). When sweeping the tip along the optical axis z at con-
stant x, a modulation of ∆νr with period λ2/2 is visible. We
represent with dots are averages over a modulation period, and
with a shaded region the amplitude of this modulation. Within
the range of tip depth we explored, ∆νr scales approximately
linearly with the induced losses at 1559nm L2. The induced
dispersive effect is about 10−3 smaller than the free spectral
range of the cavity, which makes the perturbation on the spa-
tial distribution of the optical modes along z negligible in the
precision of our mapping method.

V. COMBINING THE FIBER CAVITY WITH A
HIGH-RESOLUTION MICROSCOPE

As we described in the previous section, a tapered fiber is
a simple and yet powerful tool to realize the mapping of the
standing waves inside a Fabry-Perot cavity. Another key ad-
vantage of this method is the fact that after mapping the posi-
tion of cavity mode, we can use the tip as a nearly perfect point
source and align external optical elements with respect to this
reference point (Fig. 4(a)). It allows also the optimization and
characterization of a diffraction-limited optical setup. More
specifically, in our experiment, motivated by the prospect of
detecting individual cold atoms trapped in the lattice sites by
fluorescence, we have combined the previous fiber cavity with
a high-NA objective. We have opted for a small, monolithic
setup where no adjustment of the objective position will be
possible in presence of the atoms. To find the optimal posi-
tion between the cavity mode and the objective, we first use
the fiber tip to map the cavity mode, whose location cannot
be determined with sufficient precision by only centering ge-
ometrically with respect to the fiber edges. Then, working as
a point source, the tip allows us to assess diffraction-limited
operation and to optimize the distance between the objective
and the object.

A. Aligning the microscope to the cavity mode

The objective of our microscope is a single commercial
molded aspheric lens (Model 352240, LightPath Technolo-
gies, Inc.). This lens has a numerical aperture of 0.5, a fo-
cal length of 8mm and a working distance of about 5.7mm,
and it has already been employed for single atom trapping
and detection.28 The optical axis of the lens is along the y
axis, orthogonal to the z axis of the cavity and to the x axis
of the tip (see Fig. 4 (a),(b)). The microscope is then com-
pleted with a second lens of 400mm focal length (Thorlabs
LA1172), which sets the magnification and allows the im-
age formation on a CCD camera. The high-NA objective is
diffraction-limited at 780nm within a range of about ±50µm
around the optimal working distance. However, we cannot
tolerate variations of the objective-object distance larger than
±10µm, as a 10µm variation of the working distance implies
a large shift of about 28mm of the image plane, and a conse-
quent change in the magnification.
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lens
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Focussing
lens
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Fiber cavity

FIG. 4. (a) Use of a coated tapered fiber as a point-like source to
align a high-NA objective on the optical mode of the fiber Fabry-
Perot cavity (not to scale). We inject 780nm light (yellow) in the
fiber of the tip, whose apex aperture constitutes the point-like source.
Centering the tip on the 780nm cavity mode (blue) allows aligning
the objective with respect to the mode of the resonator. (b) Sketch of
the optical setup for imaging the tip light (not to scale). (c) Optical
losses at 780nm as a function of the tip displacement along y. Dots:
experimental data; solid line: best-fit curve using a Gaussian fitting
function.

The tip is a single-mode tapered optical fiber that, in con-
trast to the one used previously, is coated with an Aluminium
layer (Lovalite, Besançon - FR). An aperture as small as
100nm is present on the tip end and acts as a point-like source
for our microscope when light is coupled into the fiber. The
metallic coating prevents light from being scattered out along
the fiber, such that the emission occurs purely from the sub-
wavelength tip aperture. The increased thickness of the tip
due to the coating makes it impossible to resolve the standing-
wave modulation of the cavity modes. However, as shown
below, it allows probing the transverse section of the modes
and to pinpoint their position. The tip is fixed on a three-axis
translation stage along x,y,z axes and typically few tens of
microwatts of 780nm laser light are coupled into the tip fiber.

To align the lens objective with respect to the cavity mode,
we implement the following method:

1. The tip is inserted in the fiber cavity, until the cavity
mode at 780nm is perturbed. As previously described,
we map the transverse profile of the mode by displacing
the tip orthogonally to the cavity axis. By monitoring
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the cavity transmission (Fig. 4(c)), we detect the center
of the cavity mode as the position of maximal pertur-
bation, with an uncertainty of ±2µm due to the limited
precision of our manual y translation stage. This sets
the y position of the tip.

2. The position of the tip in the (x,z) plane (parallel to
the lens surface) is less critical. We define it to be the
geometrical center of the cavity by using an external
microscope.

3. Once the position of the tip is set, we use the aperture on
the apex as a point-like source for adjusting the objec-
tive position, specially the distance between the object
and the objective, which has to be adjusted with an ac-
curacy of a few tenths of a micron in order to achieve
the optimal diffraction-limited operation.

This method allows to precisely adjust the position of the
microscope with respect to the cavity mode in a transitive way,
using the fiber tip as an intermediary reference object.

B. Characterization of the microscope objective with the
tapered �ber tip

In order to check and optimize the performances of the mi-
croscope objective described in the previous paragraph, we
use the fiber tip as a reference point-like source. We perform a
quantitative study of the point spread function (PSF) of the op-
tical system, defined as the image of a point-like emitter (i.e.
with much smaller size than the operating wavelength). In the
absence of aberrations, the PSF is the common Airy function.
However, in a real optical system, aberrations create devia-
tions of the PSF from the ideal Airy profile. A simple and
useful parameter to estimate the amount of aberrations, which
only requires a point-like source, is the Strehl ratio defined as
S = Iaberr/Iideal where Iaberr and Iideal denote the peak inten-
sity of the PSF, respectively with aberrations and in the ideal
(stigmatic) case.29 An optical system is commonly defined as
diffraction-limited when S ≥ 0.8. Fig. 5(a) shows the PSF at
the optimal position, and its comparison with the Airy distri-
bution containing the same optical power: from this compari-
son, we get a measured value of the Strehl ratio S > 0.95.

Once the high-NA lens is placed at its optimal position,
moving the tip along the optical axis of the cavity allows us
to characterize the field of view of the objective. A key re-
quirement for the microscope is indeed the capability of re-
solving the sites of our intra-cavity lattice along all its ex-
tent. We measure that the imaging system shows diffraction-
limited operation S > 0.8 over a range of ±25µm, in agree-
ment with Ref. 28. For illustration, in Fig. 5(b) we show an
image obtained by moving the tip off axis by ±30µm in steps
of 1.5µm, and adding the individual PSFs. This simulates the
operation of the microscope in imaging a 1D array of point-
like objects with a spacing that is twice the one of our intra-
cavity lattice.
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FIG. 5. (a) Data points: cut of the PSF measured at the optimal align-
ment of the high-NA objective. Gray line: ideal Airy profile contain-
ing the same optical power. Insets: 2D profiles of the measured and
of the ideal PSF. (b) Image and intensity profile of a virtual chain of
point-like sources, with 1.5µm spacing. The image is obtained by
moving the tip on the object plane and summing the corresponding
PSFs. No re-adjustment of the microscope has been done between
the single pictures. The intensity variation of the spot is due to a
power fluctuation of the light during the measurement and is not a
systematic feature of the imaging system.

VI. CONCLUSION

Our results demonstrate the use of commercially available
tapered fibers as probes for the spatial structure of the eigen-
modes of open-access optical cavities. Our mapping method
is crucial for experiments where the spatial overlap between
optical standing waves has to be determined and/or where a
cavity mode has to be aligned to external elements such as
high-NA objectives. This opens the way to a new generation
of cavity-QED experiments for quantum technologies where
collective coupling of many emitters by the cavity mode goes
along with individual detection and addressing of the emitters.
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