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Rydberg-Raman-Ramsey resonances in atomic vapor
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The sensitivity of electric field sensors based on two-photon electromagnetically induced transparency (EIT)
involving highly excited Rydberg states in thermal atoms is often limited by the residual Doppler effect and
optical power broadening. Here, we propose a method to reduce the EIT spectral linewidth using a Ramsey
interrogation approach, allowing multiple interrogations of atomic coherence, using either temporally or spatially
separated laser beams. Our theoretical calculations predict that the linewidth of such Raman-Ramsey spectral
features can be substantially reduced compare to a standard Doppler-broadened EIT, opening a possibility to
improve sensitivity of Rydberg atomic vapor-based sensors.
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I. INTRODUCTION

The application of atomic vapor cells for precision optical
measurements and sensing has a long and successful his-
tory. Electromagnetically induced transparency (EIT) [1–4]
enables a convenient link between optical transmission and
minute variations in atomic energy levels caused by, e.g.,
external electromagnetic fields. Rydberg EIT in atomic vapors
[5,6] has already become a well established method for in situ
measurements of dc and rf electric fields [7–11], development
of broadband rf receivers and analyzers [12–14], THz imaging
[15–17], SI-traceable electric field standards [18], etc. How-
ever, power broadening and thermal atomic motion ultimately
limit the width and amplitude of the observable EIT peak,
deteriorating its achievable sensitivity.

In this paper, we theoretically investigate the possibility to
overcome these limitations and obtain significantly narrower
spectral resonances by using a Raman-Ramsey approach, in
which optical interrogation of atoms is interrupted by evolu-
tion in the dark. We consider two possible scenarios: temporal
separation, which uses two bichromatic optical pulses to first
prepare and then read out atomic coherence between the
ground and Rydberg states, as shown in Fig. 1(a); and spatial
separation, where moving atoms encounter two separate inter-
action regions of continuous optical fields, shown in Fig. 1(b).
We find that in either case a narrow Rydberg-Raman-Ramsey
(R3) spectral feature emerges in addition to the standard Ry-
dberg EIT peak. Since only slow atoms can constructively
contribute to formation of R3 resonances, the effect of the
residual Doppler broadening is significantly reduced. In what
follows, we present a theoretical model describing the R3 sig-
nal for both time- and space-separated Ramsey interactions,
and analyze the effect of atomic motion. Our model predicts
that R3 spectroscopy may provide superior sensitivity to the
Rydberg level energy shifts, despite its reduced amplitude.

II. THEORETICAL MODEL

In this section we briefly summarize the three-level interac-
tion model used to describe dynamic changes in the Rydberg

EIT system shown in Fig. 2(a) for stationary atoms. In this
model, two optical laser fields (a probe and a coupling) in-
teract with corresponding atomic optical transitions, and the
transmission of the probe beam is measured. The probe field
with Rabi frequency �P couples the ground state |g〉 with
the first intermediate excited electron state |e〉, the population
of which decays with a rate �e (in our system this is the
5S1/2F = 3 → 5P3/2F ′ optical transition in 85Rb). Simultane-
ously, the coupling laser (Rabi frequency �C) couples state |e〉
to a Rydberg state |r〉 with significantly smaller decay rate �r

(in our case |r〉 is the 85Rb 45D5/2 state, 1/�r ≈ 50 µs). Using
standard dipole and rotating wave approximations, the inter-
action Hamiltonian of the system can be written as [19–21]

Ĥ = h̄

2
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where �P,C are the values of the one-photon detuning of
each laser from the corresponding optical transitions. For now,
we assume motionless atoms and discuss the effect of their
thermal motion in the following sections.

To simulate the evolution of the atomic parameters, we use
the Lindblad master equation:
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erators that account for the decoherence mechanisms. For our
interaction system, we include the Lindblad superoperator L̂D

for atomic decays which can be written as
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FIG. 1. (a) Temporal R3 resonances: Atoms are prepared in the
coherent superposition with two EIT laser fields (red) during time t1,
and then allowed to evolve in the dark for time t2, while laser fields
are turned off. Any changes in the atomic coherence are read out with
a second light pulse (containing both EIT laser fields) of duration t3.
Only the initially prepared atoms remaining in the interaction volume
(green) contribute to the R3 resonance. (b) Spatial R3 resonances:
Atoms are prepared in the coherent superposition with two EIT laser
fields (red) in a preparation interaction region, and move ballistically
toward the readout region (also containing two EIT laser fields),
crossing the dark region in between. Only the atoms reaching the
readout region (green) contribute to the R3 resonance formation.

Coherent EIT excitation assumes constant phase between the
probe and coupling lasers, and thus in practice the lifetime of
the atomic coherence between the ground and the most excited
level is limited by the relative coherence of these laser fields.
The Lindblad superoperator L̂lw accounts for the finite width
of the probe and coupling laser fields γP and γC , respectively:

L̂lw =

⎛
⎜⎝

0 −γPρge −(γP + γC )ρgr

−γPρeg 0 −γCρer

−(γP + γC )ρrg −γCρre 0

⎞
⎟⎠. (4)

FIG. 2. (a) Three-level ladder system with ground state |g〉, in-
termediate excited state |e〉, and Rydberg state |r〉 in 85Rb. Probe
laser with Rabi frequency �P couples |g〉 and |e〉, while a coupling
laser with Rabi frequency �C couples |e〉 and |r〉. �P and �C are
the detunings of the probe and coupling lasers respectively. (b) An
example experimental EIT spectrum, showing probe transmission as
a function of the coupling laser detuning.

Solving Eq. (2) for the matrix element ρge, we find expressions
for the complex optical susceptibility χ (�P,�C ) of the probe
optical field, the absorption coefficient α, and the refractive
index n:

χ (�P,�C ) = −2N |dge|2
h̄ε0�P

ρeg (5a)

α = kP Im[χ ] (5b)

n = 1 + Re[χ ]/2, (5c)

where N is the atomic number density, dge is the dipole
moment of the |g〉-|e〉 atomic transition, and kP = 2π/λP is
the wave number of the probe optical field.

In the steady-state limit, one can easily reproduce the stan-
dard EIT resonance in the probe field transmission, similar to
the experimental example shown in Fig. 2(b). In cold atoms,
the width of such EIT peak is ultimately limited by the life-
time of the ground-Rydberg state coherence and potentially
by the linewidth of the lasers (γP + γC )−1, and can be very
narrow (a few kHz), but increases linearly with laser power.
For practical applications it is advantageous to use a some-
what power-broadened EIT resonance, as higher laser power
provides more efficient coherence preparation and thus higher
EIT resonance amplitude, as well as reduces the relative effect
of the photon shot noise.

To reduce the effect of the power broadening without
compromising the advantages of stronger probe optical field,
we propose to use the Raman-Ramsey interrogation scheme,
consisting of two relatively strong laser pulses separated by
a “dark” time, as shown in Fig. 1(a). Such Raman-Ramsey
interrogation schemes have been successfully implemented
for improving the performance of the atomic clocks based on
�-based EIT systems [22,23]. In this case, atoms are first pre-
pared in the desired coherent superposition of the ground and
Rydberg atomic states using the first optical pulse, consisting
of both EIT laser fields. Then the laser fields are quickly
turned off, and the long-lived coherence between the ground
and the Rydberg state ρgr is allowed to evolve in the dark
for time 1/�r � t2 � 1/�e. During this evolution its phase
is affected by any perturbation in the Rydberg state energy,
and can be later read out using the second (detection) laser
pulse whose power and duration can be optimize to achieve
the highest signal-to-noise ratio. Most importantly, since most
of the coherent evolution happens in the absence of interac-
tion with optical fields, the effect of the power broadening is
greatly reduced, even if strong fields are used in the prepara-
tion and detection stages.

We calculate all atomic state evolution using the Python
package QUTIP [24], following the time sequence shown in
Fig. 3(a). To simplify the calculations, we assume that the
preparation time t1 is long enough for the system to reach the
steady state for the given initial laser parameters. For the dark
evolution time t2 � 1/�e, the population of the intermediate
excited state and the coherence between the ground state and
intermediate excited state quickly vanish. On the other hand,
the population of the Rydberg state ρrr and the coherence
between ground and Rydberg states ρgr survive, as they decay
much slower, and we can take advantage of this considera-
tion to simplify the model by replacing the exact numerical
simulations for all atomic parameters at the end of the dark

053706-2



RYDBERG-RAMAN-RAMSEY RESONANCES IN ATOMIC … PHYSICAL REVIEW A 109, 053706 (2024)

FIG. 3. (a) Time sequence of temporal Ramsey interrogation for
stationary atoms. (b) Theoretically predicted R3 optical response
for stationary atoms for different two-photon detunings δR. Black
dashed lines indicate the 150 ns integration region used to reconstruct
Ramsey fringes. (c) R3 resonances as a function of the coupling
laser detuning for different evolution in the dark time t2. The model
parameters are �P = 0, �e = 6 MHz × 2π , �r = 3 kHz × 2π , �C =
0.5�e, �P = �e, N = 1.7 × 1011 cm−3, dge = 1.46 × 10−29 C m.

evolution with simple analytical solutions for nonvanishing
coherences:

ρrr = ρrr,sse
−t2�r , (6a)

ρgg = 1 − ρrr, (6b)

ρgr = ρgr,sse
− �r

2 t2 e−i(�C+�P )t2 . (6c)

In Eq. (6), ρrr,ss and ρgr,ss refer to the steady state solu-
tion of the density matrix before the dark time. In the case
of nonzero two-photon detuning δR = �C + �P �= 0, ρgr ac-
quires a phase eiδRt2 . Finally, using the density matrix with
only nonzero ρgg, ρrr , and ρgr as the initial conditions, we
numerically solve the Lindblad master equation in time for
a fixed detection time t3. The simulated time response of
different coupling laser detunings is shown in Fig. 3(b). Dot-
ted vertical black lines in Fig. 3(b) show the region the
atomic response is integrated over to produce R3 resonances.
If this time is shorter than the time required to reestablish
the steady-state EIT, the probe laser transmission is largely
determined by the accumulated phase of ρgr , and displays a
clear interference-like fringe pattern, as shown in Fig. 3(c)
with the frequency inversely proportional to the dark evolution
time. Thus we can theoretically achieve the spectral resolution
limited only by the Rydberg state decoherence time.

III. EFFECT OF ATOMIC MOTION
ON THE R3 RESONANCES

The motion of atoms in thermal atomic vapor greatly af-
fects the characteristics of two-photon optical resonances.
For temporal Raman-Ramsey excitation, we only consider
atomic motion in the +z direction of the laser propagation.
The transverse size of the laser beam in this case mainly
limits the interaction time and effectively reduces the Rydberg
state lifetime. The longitudinal motion of atoms produces two
generally undesirable effects on the R3 fringe formation, both
related to the large frequency mismatch between two optical
fields. The first one is the spatial phase variation between the
probe and coupling fields, and the other is the differential
Doppler shift for atoms with different longitudinal velocities.

We consider the Doppler effect first, as it equally affects
R3 and steady-state EIT resonances, and has been identified as
one of the main limiting factors for Rydberg EIT-based sensor
sensitivity. If an atom moves with velocity vz along the laser
beam, it “sees” the laser frequency ω shifted by ωvz/c. Even
in the most beneficial geometry of the counterpropagating
beams, that creates a large velocity-dependent variation in
the two-photon detuning δR(vz ) = (�C + �P − ωrg) + (kP −
kC )vz. Practically, it means that even if the lasers are tuned
precisely to the two-photon resonance, only a relatively small
fraction of atoms with near-zero longitudinal velocities con-
tribute to the EIT formation, and that the observable EIT
linewidth is broadened by this residual Doppler effect to a few
MHz. In the case of Raman-Ramsey excitation, such Doppler
mismatch makes the phase acquired during the dark evolution
dependent on atomic velocity. This results in a relative shift
of the Ramsey fringes for each velocity group, as shown in
Fig. 4(a). If this effect is considered in isolation, it can wash
away the fringes almost completely when the transmission is
integrated over all velocity classes.

We also need to take into account the spatial variation of
the relative phase of the two optical fields along the beam
path. The initial phase of ρgr is set by the relative phase
of �C and �P. Due to the mismatch in wave vectors, this
phase is position-dependent, so if an atom moves between
the preparation and detection steps, the phase of the R3 fringe
reflects this phase difference.

This effect almost exclusively affects R3 fringe formation,
rather than steady-state EIT, since in the latter case the co-
herence phase adiabatically adjusts as atoms move along the
laser beams. However, in the Raman-Ramsey process, moving
atoms, detected at z = 0, have been prepared at the location
−vzt2, and thus their coherent state carries an additional phase
−(kP − kC )vzt2 (for the counterpropagating optical fields).
Again, the contributions of different velocity groups destruc-
tively interfere, in principle limiting the fraction of atoms
that can contribute to the observation of R3 resonance. Fig-
ure 4(b) shows the fringe shifts due to the spatial phase
mismatch for different vz. However, when considered to-
gether, these two phase shifts partially compensate each other.
Figure 4(c) shows that the Doppler effect and relative dis-
placement effects work together to bring the fringes back to
constructive interference and preserve narrow fringes. Thus,
R3 fringes “survive” the integration of the one-dimensional
(1D) Maxwell-Boltzmann velocity distribution of atoms in the
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FIG. 4. Examples of Ramsey fringe modifications for longitu-
dinal motion of atoms (ẑ). For (a)–(c) it is assumed that all atoms
move with the given velocities vz to illustrate the effects of phase
and Doppler mismatch. (a) Effect of Doppler mismatch of detunings.
(b) Effect of spatial phase variations. (c) Effect of both Doppler and
phase variations. (d) Fringes resulting from dark time t2 = 1 µs and
t3 = 150 ns for a range of velocities integrated over a thermal 1D
distribution corresponding to 300 K; note the different scale for α.

z direction, as shown in Fig. 4(d) for a single t2 dark time,
albeit with reduced amplitude compared to the cold atom case
due to fewer participating atoms.

IV. REALIZATION OF R3 RESONANCES USING
TWO SPATIALLY SEPARATED REGIONS

This analysis gives a somewhat optimistic outlook on the
possibility of observing narrower Rydberg EIT features us-
ing Raman-Ramsey excitation. However, from the practical
point of view, such temporal interrogation may introduce
some technical complications, such as the need for excellent
pulse synchronization, fast pulse turn on and turn off, and a
low detection duty cycle. An alternative approach for taking
advantage of the same effect with steady-state lasers is imple-
menting spatially separated preparation and detection regions.
In this case, the dark time occurs naturally when atoms fly be-
tween the two interaction regions. Several geometries of such
spatial multiregional interaction have been tested previously
for a �-type EIT systems [25–27].

To properly describe the atomic response for the spatial
version of R3 resonances, we can assume two parallel inter-
action regions, separated by the gap, as shown in Fig. 1(b).
To increase the number of interacting atoms, we assume that
both regions are stretched in the perpendicular direction. In
this case, it is sufficient to consider the 2D motion of atoms
between the two interaction regions as shown in Fig. 5(a).
We assume that an atom first interacts with two laser fields in
the preparation region long enough to reach the steady state.

FIG. 5. (a) Spatially separated geometry model. Each interac-
tion region (purple) contains counterpropagating probe and coupling
beams. The preparation region (top) is assumed sufficiently wide, and
separated by distance d from the detection region that has a finite
width w. (b) Examples of Ramsey fringes for atoms with different
transverse velocities vx (resulting in different effective dark times t2)
integrated over the longitudinal velocities vz.

Atoms with nonzero transverse velocity vx eventually leave
the preparation region and travel toward the detection region,
effectively recreating the time sequence explored before and
shown in Fig. 3(a). For each group of atoms with transverse
velocity vx the effective evolution in the dark time is t2 =
d/vx, where d is the distance between the two interaction
regions. As a result, atoms moving with different transverse
velocities produce Ramsey fringes with different periods, as
shown in Fig. 5(b). The fringes are also integrated over a range
of thermal velocities in the z direction in order to capture the
effect of phase shifts due to relative displacement. The central
fringe survives when contributions of all velocity classes in
both dimensions are integrated.

Figure 6(a) shows a theoretically predicted R3 resonance,
calculated using the same atomic parameters as Fig. 3 with a
beam separation of d = 1 mm and a second interaction region
of width w = 50 µm. Here we integrate the contributions to
the optical susceptibility from each longitudinal velocity class
for a given dark time t2, and then integrate these results over
all possible dark times t2 = d/vx. Because of the mutually
destructive contributions of atoms with different velocities,
we carefully optimized number of velocity classes included in
the simulations. For the longitudinal integration, the simulated
density matrix element reaches a stable point at an integration
range of −6 � �z � 6 µm with 75 included velocity classes.
For the transverse integration range we use 0 � vx � 400 m/s
with 50 velocity classes. These limits not only help manage
simulation run time but also show the integrated signal is not
a product of numerical instability.

The resulting optical absorption in Fig. 6(a) clearly shows
two spectral features of different widths. The broader reso-
nance is a “standard” Doppler-broadened EIT resonance due
to atoms interacting with light only in the detection region.
However, the second interaction for slower atoms produces
an additional narrow feature on top of the broad EIT reso-
nance: the R3 resonance. The details of this narrow spectral
features are best shown in Fig. 6(b). The full-width at half
maximum (FWHM) of the resulting resonance is quite narrow,
near 120 kHz, which is almost two orders of magnitude nar-
rower than the broad EIT feature, even though its amplitude is
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FIG. 6. (a) Predicted R3 absorption resonance as a function of
coupling laser detuning for d = 1 mm and w = 50 µm. The red
box is the zoomed scale for the traces in (b). (b) The narrow R3

feature for laser linewidths of the probe and coupling lasers at 0,
200, and 500 kHz. (c) Amplitude and FWHM of the R3 feature for
increasing laser linewidths. (d) Amplitude and FWHM of standard
Doppler-broadened EIT for increasing laser linewidths.

much smaller as well. What is remarkable is that this narrow
linewidth is fairly immune to the finite laser linewidth. Figure
6(c) gives a more complete picture of the effect of the laser
linewidths on the R3 resonance. For this simulation the laser
linewidths γC and γP are considered equal for simplicity,
and have values of 0, 100 kHz, and 500 kHz. The FWHM
of the fringe only increases in value from 116 kHz to 125
kHz, but its amplitude drops as the laser linewidth increases.
This is not unexpected: only a fraction of atoms with intact
coherence contribute to the detection of the Raman-Ramsey
feature, while additional dephasing reduces the fraction of
atoms participating in R3 resonance formation. In contrast,
the linewidth of the standard EIT resonance increases linearly
with the laser detuning, as shown in Fig. 6(d).

Figure 7 shows the impact of interaction channel separation
distance d on the FWHM and amplitude of this central fringe.
Figure 7(a) demonstrates the evolution of the fringe as the
separation distance d increases. Figure 7(b) shows the same

FIG. 7. Simulated central R3 spatial fringes for varying mea-
surement parameters. (a) R3 fringe for various channel separation
distances d . (b) Values for FWHM and height of the R3 fringe vs. d .

FIG. 8. Comparison of the minimum detectable frequency shift
between standard Doppler-broadened EIT, spatially separated R3,
and temporally separated Ramsey measurements. � fmin is calculated
as described in Eq. (7). Here the temporal Ramsey case is calculated
with a different �t detection time to account for the short integration
time to produce the signal.

analysis of the amplitude and FWHM as done for Fig. 6 but
now as a function of separation distance d . As expected, we
observe a reduction of resonance amplitude for larger channel
separation; the height of the peak reaches its maximum value
near d = 1 mm and then starts to decay, as fewer coher-
ently prepared atoms survive the crossing between the two
regions.

While we did not observe the R3 fringe experimentally,
preliminary experimental efforts testing the spatially sepa-
rated geometry are detailed in the Appendix.

V. COMPARISON OF DIFFERENT
INTERROGATION SCHEMES

To compare the potential advantage of a narrow R3 res-
onance over standard single-interaction steady-state EIT, we
have to choose a figure of merit for spectral resolution (or
sensitivity). A small frequency variation � f from the EIT
peak due to an incident electric field produces a change in
the probe transmission proportional to the first derivative of
the spectral response vs coupling laser frequency. Assuming
shot-noise limited measurements, we can then calculate the
minimum detectable frequency change � fmin:

� fmin =
[

2L
∂α

∂�C

√
P

h̄ω

√
�t

]−1

, (7)

where L = 2.5 cm is the interaction region length, P is
the power of the probe laser for a given �P, and �t
is the duration of the measurements. Figure 8 shows the
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dependence of � fmin as a function of increasing probe laser
power for the different interrogation schemes at �t = 1 s.
It is clear that time-separated R3 fringe should provide sig-
nificantly higher sensitivity. However, such straightforward
comparison gives it an unfair advantage for the temporally
separated Ramsey case, since in reality only a small fraction
(first 100 ns of the read-out pulse) of the time sequence is
devoted to the data collection, since it takes t1 ≈ 1 µs to reach
the steady-state EIT regime. Thus, assuming the dark time
t2 = 1 µs, the useful signal is collected only during 1/50 of
the whole cycle. Thus, to properly compare the three different
methods, we also include the sensitivity trace for the tempo-
rally separated Ramsey fringe case with �t = 0.02 s.

A comparison of the � fmin as a function of the probe
Rabi frequency is shown in Fig. 8. Both Ramsey style mea-
surements predict a smaller detectable frequency shift than
the standard Doppler-broadened case. Thus, at least in the
idealized case considered here, the method of spatially and
temporally separated Ramsey fringes can lead to a more sen-
sitive measurement.

VI. SUMMARY

In this paper we develop a model for Rydberg-Raman-
Ramsey (R3) EIT resonances by calculating the atomic
response due to the repeated interactions with two optical
fields in two-photon Raman resonances. We focused on the
effect of the atomic motion on the resulting narrow spectral
feature for spatially or temporally separated interaction re-
gions. We predict that even for thermal atoms it should be
possible to observe R3 resonances in the temporal and spa-
tially separated cases, even with the inclusion of decoherence
mechanisms due to laser linewidths. We also show that using
this resonance can potentially improve sensitivity to electric
field measurements in a discussion of the minimum detectable
frequency.
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APPENDIX: PRELIMINARY EXPERIMENTAL
MEASUREMENTS

Here we present some preliminary experimental investiga-
tions of the spatially separated beam geometry using a two
channel detection scheme as shown in Fig. 9(a). For these
experiments, our coupling laser is tuned to resonance with the
5P3/2 → 56D5/2 transition. Channels A and B refer to the two
spatially separated optical interrogation regions, each contain-
ing one or both of the 780 nm probe or 480 nm coupling
light propagating along the z direction. For this preliminary
stage we did not have an ability to control relative phases of
the optical fields in the two channels, and thus focused on
observing the phase-independent Rydberg population transfer
by independently monitoring the optical absorption in either
probe beam.

FIG. 9. (a) Experimental setup for spatially separated beam ge-
ometry. (b) The transmission of infrared light in channel B for a
given beam separation D. Reported transmission is normalized to the
peak steady-state EIT transmission experimentally observed using
only the infrared and blue beams of channel B (channel A blocked)
shown on the grey curve. Channel A and channel B EIT signals
are similar when both red and blue lasers are present. Solid curves
correspond to simulated spectra for the same parameters. (c) The
experimentally measured EIT peak height as a function of beam
separation, as compared with the results predicted by our theoretical
model with no free parameters.

For these measurements we used oval-shaped laser beams.
The sizes of the beams were the same in each channel with
the probe beam diameters of 100 µm in the x direction and
8 mm in the y direction, and the coupling beam diameters
of 100 µm in the x direction and 6 mm in the y direction.
The manual adjustments of the separation distance D between
the channel allowed us to explore the effect of this parameter
on the probe transmission. Since residual optical interference
between beams of the same color occurs for separation dis-
tances below D ≈ 0.5 mm (as confirmed using a beam profiler
placed at the position of the cell), we maintain sufficient chan-
nel separation to eliminate the effects of crosstalk between
channels. We verified that there is negligible channel A probe
light striking the channel B detector and vice versa. We also
ensure that there is negligible overlap of channel A coupling
light with the channel B probe, as evidenced by the lack of an
observable EIT signal seen from just these two fields alone.

Using this setup we clearly observed the effects of the
Rydberg atoms moving between the two interaction regions.
For these measurements only atoms in channel A were excited
to the steady-state Rydberg EIT state via the two-photon tran-
sition, while channel B contained only the 780 nm probe laser.
Nevertheless, if the frequency of the 480 nm laser was varied
in channel A across the EIT transmission peak, matching
variation in the nominal probe absorption was detected, as
shown in Fig. 9(b), indicating the presence of atoms prepared
in a Rydberg-dressed dark state from channel A. In Fig. 9(c)
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we show that as the channels are moved further apart, the
detected EIT peak in channel B decreases in amplitude. This
result is supported by the numerical model and is qualitatively
explained by the correlation of larger values of D with higher
average transverse speed vx of the detected Rydberg atom
population. Because the readout channel has a fixed width,
a higher transverse speed results in a reduced readout interro-
gation time and a decrease in signal amplitude.

While this observation of the flight of room temperature
Rydberg-dressed atoms between two channels is a necessary
first step for spatially separated Ramsey interrogation, the
setup is not yet optimized to achieve sufficient signal-to-noise
ratio to observe a Ramsey fringe experimentally. Additionally,
laser frequency and optical path-length stabilization concerns
must be addressed in order to stabilize the anticipated Ramsey
phase.
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