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Motivated by an interest in measuring electric fields in low-pressure noble-gas discharge plasmas and
in dusty plasmas via noninvasive Stark-effect spectroscopy, we investigate Rydberg electromagnetically
induced transparency (EIT) of 8Rb atomic vapor in a glass cell that contains a 5-Torr neon buffer gas. We
find that at low probe power the Ne buffer gas induces a positive frequency shift of the Rydberg-EIT lines
of about 70 MHz as well as a broadening of about 120 MHz, with minimal dependence on the principal
quantum number of the Rydberg states. The EIT line shift predominantly is a sum of a positive term from
s-wave scattering between the Rydberg electron and the Ne atoms, and a negative term from the polar-
ization of the Ne atoms within the Rydberg atom. The polarization shift is lesser in magnitude, resulting
in the observed net positive shift. The line broadening is largely due to the Ne polarization. Our experi-
mental results are in good qualitative agreement with our theoretical model, in which the shift is linear in
buffer-gas density. Our results suggest that Rydberg EIT is suitable for noninvasive measurement of elec-
tric fields in buffer-gas cells that sustain a plasma discharge, and that it can serve as a direct spectroscopic

probe for buffer-gas density at low pressure.
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I. INTRODUCTION

Electromagnetically induced transparency (EIT) involv-
ing Rydberg-atom spectroscopy in room-temperature
atomic vapors has become an important technique for elec-
tric field sensing, offering sensitivity in metrology appli-
cations [1-3] as well as avenues towards nontraditional
radio receivers [4—6]. Rydberg Stark spectroscopy and
direct-particle detection was used to measure macroscopic
and microscopic electric fields in ion plasmas prepared
from laser-cooled atom clouds [7,8]. In laser-generated
plasmas in thermal atomic vapors, Rydberg-EIT Stark
spectroscopy was employed for noninvasive all-optical
electric field measurement [9,10]. Also dc electric fields
of charges released by photoillumination of a borosilicate
vapor cell were analyzed using Rydberg-EIT spectroscopy
of Rb nD; Rydberg levels [11]. These developments sug-
gest that Rydberg EIT may have the potential to serve as
a noninvasive plasma electric field probe in glass tubes,
vacuum systems, or vapor cells that harbor a low-pressure
discharge or an inductively coupled plasma.
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As a step towards noninvasive, spatially resolved
Rydberg-EIT field sensing in discharge plasma and dusty
plasma, it is necessary to assess the viability of Rydberg
EIT of a suitable atomic sensor species, such as rubidium
or cesium, under the presence of an inert gas that sustains
the plasma discharge. Setting a buffer-gas pressure limit
for Rydberg EIT is an important step in staking out the
applicability range of Rydberg EIT for plasma field diag-
nostics, because the result will limit the types of plasmas
for which the method will work. The determination of such
a buffer-gas pressure limit necessitates a study of the effects
of buffer gas on Rydberg-EIT spectra.

Previous work [12] has explored the effects of Rb—Ne
collisions on 58/, — 5P3/» — 5Ds;, EIT linewidths in a
buffer-gas cell. In our present work, we observe 3 Rb Ryd-
berg EIT at principal quantum numbers of n ~ 40 in a cell
with a 5-Torr neon buffer gas. We measure the frequency
shift and line broadening of the EIT signal due to the back-
ground gas. At high probe-laser power, we observe a tran-
sition from EIT to electromagnetically induced absorption
(EIA). The observed features do not significantly depend
on n. Earlier Rydberg-atom spectroscopy in buffer gas
[13-16] did not involve a near-resonant intermediate
atomic state. Our work demonstrates that Rydberg EIT,
a contemporary noninvasive spectroscopic method that
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does require a near-resonant intermediate state, is viable in
buffer gas with pressures up to at least 5 Torr. Our results
on Rydberg level shifts and broadening are similar to those
in the earlier works. The buffer-gas effect on the Rb D; line
and on the intermediate state of the ladder-type Rydberg-
EIT system is seen to be considerably less important than
the effect on the Rydberg state. Our study presents a step-
ping stone towards employing Rydberg-EIT spectroscopy
of Stark shifts as a noninvasive, spatially resolved probe
for electric fields in plasmas with pressures up to about
5 Torr.

Our work may find applications in the diagnostics of
rf or dc rubidium plasma lamps [17,18], which are com-
monly used as spectroscopic frequency references and for
optical pumping of alkali vapors in magnetic-field-sensing
cells. Moreover, plasma often contains charged dust par-
ticles [19]. Such dusty plasmas appear, for instance, in
astrophysical settings (including the B ring of Saturn [20],
Martian dust devils [21], and the moon [22]), as well as in
technical plasmas (including fusion [23] and microfabrica-
tion devices [24]). The dynamics of such plasmas are being
explored in ground-based [25,26] and microgravity setups
[27] using low-pressure noble-gas plasmas, which are
seeded with dust particles. Rydberg EIT could be ideal for
nonintrusive measurement of electric fields, Debye shield-
ing and particle interactions [28], and electric field wakes
[29] in a dusty plasma. Furthermore, alkali-metal vapors
mixed with a low-pressure inert buffer gas could possi-
bly serve as a common platform for Rydberg-EIT electric
field sensors and other sensors, such as Faraday [30] and
spin-exchange relaxation free [31] magnetometers.

II. RYDBERG ATOMS IN A BUFFER GAS

Atoms in highly excited Rydberg states exhibit sensitiv-
ity to their environment. The interaction between Rydberg
atoms and ground-state atoms, here referred to as per-
turbers, which may be of the same or a different atomic
species, gives rise to Rydberg-level shifts and broadening.
The shift can be attributed to two main effects [32—34].
The dominant effect arises from the scattering of the Ryd-
berg electron by the perturbers within a Rydberg-atom
volume of ~ 37 (2n%ag)*, with Bohr radius ao. This scat-
tering effect can be explained by a Fermi interaction [35],
and the resulting angular frequency shift in units of rad/s is
given by
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where h is the reduced Planck’s constant, e is the elemen-
tary charge, €y is the permittivity of the vacuum in F/m, a;
is the low-energy s-wave scattering length in meters, and
N is the volume density of the buffer-gas atoms. Higher
partial waves tend to be unimportant because of the low

kinetic energy of the Rydberg electron, which is small in
comparison with p-wave and higher centrifugal energies
near the buffer-gas atoms.

The second effect originates from the interaction
between the ion core of the Rydberg atom and the per-
turbers. When a Rydberg atom is immersed in a medium
containing ground-state atoms or molecules, the atomic
electric field induces a polarization in the perturbers, which
in turn gives rise to an electric field that shifts the Rydberg
levels. The resultant polarization-induced frequency shift
can be obtained from the impact approximation [32,33],
and is given by (in units of rad/s)

2

ae 2/3
- 1/3N )
h(4n60)2] v @)

Aw, = —6.21 |:
where o represents the polarizability of the perturber in
Cm?/V, and v is the mean relative velocity between the
Rydberg atoms and the perturbers in m/s. The total energy
shift experienced by the Rydberg atom is the sum of both
effects, Awioral = Awge + Awy.

In addition to frequency shifts, polarization and electron
scattering can also lead to level decays, denoted y;, and
Yse» Tespectively. It was found that the level decay mainly
comes from the polarization of the perturbing atoms [33],
i.e., ¥p >> Vs, and that the decay rate
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The value of y, is equivalent with a full width at half
maximum (FWHM) line broadening in units of rad/s.
Through two-photon, Doppler-free spectroscopy, the
broadening and shifts of Rb S and nD Rydberg levels in
the presence of inert perturbers has been experimentally
observed in [13] for He, Ar, Ne, Kr, and Xe, in [14] for
He, Ar, and Xe, in [15] for He and Ar, and in [16] for Ne,
Kr, and H;. For these experiments, the effects of buffer-gas
pressure broadening by the intermediate 5P/, and 5P;,,
levels could be ignored because they were very far off-
resonance. This is, however, not the case in our work. Pres-
sure broadening of the Rb D; line due to binary interactions
with noble gases has been observed in [36] for pressures of
up to 1.1 kTorr. Recently, ultra-high pressures of He and Ar
on the order of 10° Torr interacting with a Rb vapor were
spectroscopically studied in [37]. In the present work, the
Ne pressure is 5 Torr, which leads to a D, line broadening
on the order of yp, ~ 2w x 50 MHz [38]. This is consis-
tent with the fact that Doppler-free saturated absorption
spectra of the buffer-gas cell show no significant remnant
features of the 5Pz, hyperfine structure, which have sep-
arations in the range of 50 to 100 MHz. Since we observe
Rydberg-EIT linewidths that are considerably larger, at
the level of precision of our current study we neglect the
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FIG. 1. (a) Rubidium energy levels used in this work. The probe laser (1,) is on-resonance with the 55/, <> 5P3,, transition, while

the coupling laser (1) is detuned from the 5P3,, <> nDs), transition by A.. (b) Illustration of the Rydberg-EIT setup (lenses are
omitted for simplicity). The EIT signals are detected simultaneously from both the Rb reference cell and the Rb cell with buffer gas.
The 34D EIT signals from the Rb reference cell and the Rb cell with buffer gas are shown in (¢) and (d), where the probe powers are
170 nW and 130 nW, respectively, and the coupling-beam powers are approximately 2 mW and 35 mW.

effect of yp, on the Rydberg-EIT linewidth. As such, based
on y, >> ys and y, > yp,, we compare our measured
Rydberg-EIT linewidths only with estimates for y;,.

While we were unable in our experiment to change
the buffer-gas pressure, it is noted that the observables in
Egs. (1)+3) all scale linearly in N (and hence in pressure,
at fixed temperature). We further note their independence
from the principal quantum number n. While the quan-
tities described by Egs. (2) and (3) are unrelated to n,
for Eq. (1) the n independence largely follows from a
picture in which the scattering shift scales with the num-
ber of buffer-gas atoms within the Rydberg atom times
the Rydberg electron’s wave-function density. Since the
Rydberg-atom volume is ~ $7(2n%ay)*, as mentioned ear-
lier in this section, the number of buffer-gas atoms within
the Rydberg atom scales as n°. Over the range 34 < n < 46
investigated in our work, at 5 Torr the number of buffer-gas
atoms within the Rydberg atoms varies from about 1000 to
7000. These are large numbers with <3% statistical vari-
ation in time. The oc n® dependence of the perturber atom
number is accompanied by a change in wave-function den-
sity, which scales as n7%. The two changes cancel in the
resultant shift. This is in accordance with Eq. (1), which is
n independent and proportional to the number of buffer-gas
atoms per volume, N.

III. EXPERIMENTAL SETUP

We perform the EIT experiment using **Rb atoms with
the relevant energy levels shown in Fig. 1(a). The probe
laser with a wavelength of A, = 780 nm is close to reso-
nance with the F = 3 to F’ = 4 hyperfine component of
the 5512 <> 5P3; transition. The EIT signal is measured
as a function of the coupling-laser frequency (wavelength
Ae A 480 nm), which is scanned over the 5P3/; <> nDs),
transition. The coupling-beam detuning is denoted by A..

We simultaneously extract EIT signals from two EIT
beam lines, as shown in Fig. 1(b). The upper beam line,
which serves to produce a reference spectrum, utilizes a
buffer-gas-free Rb vapor cell. The reference EIT signal
allows us to calibrate the frequency axis for A., as well
as to mark the coupling-laser frequency of the shift-free
EIT line. In the lower (signal) beam line, the EIT signal is
acquired using a cell that contains Rb vapor and a Ne buffer
gas of nominally 5-Torr pressure. The probe and coupling
lasers are split between the reference and signal beam lines
using polarizing beam-splitter cubes, and are then counter-
propagated through the respective cells. In each cell, both
beams have parallel linear polarizations. After passage
through the cells, probe and coupling beams are sepa-
rated using dichroic optics. The reference and signal probe
beams are simultaneously detected using a pair of identical
silicon photodiodes and low-noise transimpedance ampli-
fiers (TIAs), and the respective data traces are recorded.
We perform 100 scans per data set, and present averages
over the 100 scans.

The Rb vapor cell in the reference (upper) beam line
in Fig. 1(b) is 7.5 cm long and held at room temperature
(291 K). The probe and coupling beams in the reference
line are approximately Gaussian and have 1/e* drop-off
radii of the intensity distribution of wy = 300 and 500 pm,
respectively. The cell that contains the buffer gas, located
in the signal line, is 5 cm long and heated to 303 K, so that
both the reference and the buffer-gas cell have a peak abso-
rption of about 70% on the 58,5, F = 3 <> 5P3), transi-
tion. The probe and coupling beams in the signal (lower)
line have Gaussian beam parameters of wy ~ 150 pm.

The reference EIT signal is shown in Fig. 1(c). The
strongest EIT peak is from the 58, F = 3 <> 5P3)», F' =
4 < 34Ds/, cascade, which has the largest electric dipole
moment among the allowed intermediate-state hyperfine
levels (quantum number F’), and is the least diminished
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by optical pumping into the uncoupled 58 », F = 2 level.
The two small peaks that bracket the — 100 MHz mark
are from the intermediate-state levels 5P3;,, F' =3 and
F’ = 2. These are small in size mostly due to optical pump-
ing during the atom-field interaction time, which is a few
microseconds in the buffer-gas-free cell. Interaction-time
broadening is irrelevant in both reference and buffer-gas
cells. All observed frequency splittings between the 5P3»
hyperfine peaks carry a Doppler scaling factor of (A, /A —
1) = 0.63. The leftmost peak in Fig. 1(c) is attributed to the
5812, F =3 < 5P3p, F' =4 < 34Ds), cascade. Not-
ing that the Doppler scaling factor for Rydberg lines is
unity, the splitting between the largest 34Ds,, peak and
the 34Ds, peak in Fig. 1(c) equals the 34D fine-structure
splitting, which is 306.061 MHz (based upon published
quantum defects [39]). This splitting is used for calibration
of the frequency axis of the reference and signal spectra,
which are simultaneously acquired.

A typical Rydberg-EIT signal at a low probe inten-
sity, obtained from the cell with buffer gas, is shown in
Fig. 1(d). The EIT signal from that cell has an asymmetric
shape, and in the case shown the peak is shifted positively
from the reference EIT line by 68 £ 1 MHz. In the fol-
lowing we study the dependence of shift and linewidth on
principal quantum number n. We will then explore effects
observed at high probe intensity.

IV. FREQUENCY SHIFTS AND LINEWIDTHS

To study the effect of the buffer gas on the EIT signals
for a range of different Rydberg states, we take Rydberg-
EIT data over an n range of 34 to 46. The data are evaluated
by analyzing the peak shift and the FWHM of the EIT
line. We extract the relative frequency of the EIT peak in
the signal beam, which equals the frequency shift of the
EIT caused by the buffer gas. The frequency-shift results
are shown in Fig. 2(a) for probe powers of 0.06, 0.13,
and 0.22 W, corresponding to the probe Rabi frequen-
cies listed. The observed EIT-line frequency shifts are in
the range of 60—73 MHz and average to about 67 MHz,
with the low-power data clustering around 70 MHz.

To arrive at an estimate for the actual Rydberg-level
shift, we apply a small correction caused by the buffer-
gas-induced shift of the intermediate EIT state 5P3/,. At
our pressure, the D, line is expected to shift by approxi-
mately —10 MHz [38]. Due to applicable Doppler factors
in our EIT setup [40], only about 60%, or about —6 MHz,
contribute to the observed EIT line shift. The experimen-
tal Rydberg-level shifts are thus expected to be about 6
MHz higher than the EIT line shifts observed in Fig. 2(a),
leading to an average Rydberg-level shift of about 73 MHz
and a shift range of 66—79 MHz. This result agrees well
with the observations in [16], where the shift rate was mea-
sured to be 12 =1 MHz/Torr for high »n (which would
lead to a shift of 60 =5 MHz for 5 Torr of Ne buffer
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FIG. 2. (a) Frequency shift of the EIT signal from the Rb cell

with buffer gas relative to the nDs/, peak for F/ = 4 in the ref-
erence EIT spectrum versus n, at several probe powers with
estimated Rabi frequencies at the beam center shown in the leg-
end. The plot data are extracted from local parabolic fits to the
peaks in spectra. Fit error bars are smaller than the marker size.
(b) Corresponding FWHM of the EIT peaks. The FWHM values
are obtained from the roots of the first derivatives of smoothed
EIT curves [see Figs. 1(d) and 3]. Statistical uncertainties are
smaller than the marker size.

gas). Further, the shift decreases by up to about 10 MHz
when the probe power increases, and it appears overall to
decrease by a few megahertz when n increases. The weak n
dependence agrees with a semiclassical calculation in [41],
which shows that the frequency shift of the Rydberg nD
state slightly decreases as n increases.

For a quantitative comparison with theory, we first cal-
culate the electron-scattering shifts using Eq. (1). For the
low-energy s-wave scattering length, ay, several of the pre-
viously computed values include, from low to high, a; =
0.2ay [42], 0.227a, [43], and 0.24a, [33]. A table listing
both theoretical and experimental values for a; is provided
in [44]. Over the range 0.2ay < a; < 0.24ay, Aws./(27)
varies from 195 MHz to 234 MHz. The shift from
the Ne polarization due to the Rydberg atom, obtained
from Eq. (2) and using o = 2.66 in atomic units [33],
is Aw,/(2m) = —122 MHz. The net Rydberg-level shift
from these two effects, Awoa1/(277), then ranges between
73 MHz and 112 MHz. It is seen that the shift from the
calculation has the same sign in theory and experiment,
confirming that the low-energy s-wave scattering length
a; 1s positive (which is not the case for some other buffer
gases) and that the scattering shift is dominant. Further-
more, depending on what exact value for a, is adopted, the
calculated net shift is about 0% to 50% larger than the aver-
age experimental value of &~ 73 MHz from the previous
paragraph. Hence, we claim good qualitative agreement.

To discuss these findings, we first note that the overall
spread of data previously reported for a; has the largest
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effect on the spread of our calculated Rydberg-level shift,
Awyoral- Our experimental result is in accordance with the
lower end of previously reported ay values, a; =~ 0.2ay. As
to additional effects that might matter, we note that the
Rydberg-EIT line may be slightly pulled to lower frequen-
cies by the weak EIT peaks that are visible in Fig. 1(c) but
that are hidden in Fig. 1(d). Furthermore, the Ne buffer-gas
pressure of 5 Torr has an uncertainty of 5% according to
manufacturer information. Along the same line, one may
speculate that differences in cell temperature during cell
fabrication and the cell’s eventual operating temperature
could in principle cause a mild buffer-gas density drop.

Further progress in comparing experimental buffer-
gas-induced Rydberg-EIT shifts and theoretical estimates
would require a refinement of theoretical models for a;
as well as a full density-matrix model for Rydberg EIT
that covers the effects of the buffer gas on all involved
atomic levels. In experimental work, one may consider a
determination of the absolute Ne density with an indepen-
dent, quantitative method. These research directions are,
however, outside the scope of our present work.

We next extract the FWHM of the EIT signal from the
cell with buffer gas for several probe powers and » values.
As shown in Fig. 2(b), the observed FWHM of the EIT sig-
nal from the cell with the buffer gas is between 110 and 125
MHz, which greatly exceeds the width of the reference EIT
lines. The FWHM of the buffer-gas EIT slightly increases
with an increase in #, but it is not significantly dependent
on the probe power. This agrees well with the calcula-
tion in [41], which shows that, for Rydberg nD states, the
FWHM of the Rydberg line should slightly increase with
n. A calculation of the broadening y,, from the polariza-
tion effect [Eq. (3)] yields a FWHM of 144 MHz, which is
~ 20% larger than the experimentally observed width. We
note that the effects that we neglect here may contribute
to the experimentally observed line broadening, including
broadening from the weak EIT peaks that are visible in
Fig. 1(c) but that are hidden in Fig. 1(d), as well as the
line broadening yp, [which is small compared to y, but
still substantially > 0 (see Sec. II)]. The results on the EIT
linewidth could also indicate that the exact density of Ne
atoms in the cell is slightly lower than the density at 5 Torr
and at room temperature.

V. EFFECTS OF PROBE POWER

Finally, we study the effects of probe power on the
Rydberg-EIT signal obtained from the cell with buffer gas
by varying the probe power from P, = 0.06 to 1.79 pW.
The central probe-laser electric field is £, = /21, /(ceo),
with central intensity 7, = 2P, /(ww}) and wy ~ 150 pm
for the signal beam line. The probe Rabi frequency
Q,/Q2m) = w2k, /h, where 1, = 1.892eaq [45] is the
probe-transition dipole moment. The EIT signals from the
34Ds ), state are shown in Fig. 3 for five values of the probe

Signal strength (nW)
S
w
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-1.5 —— 10 MHz
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_20 4
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FIG. 3. EIT signals of Rb 34Ds,, Rydberg atoms in the cell

with buffer gas for probe-laser powers ranging from 0.06 to
1.79 wW. The colors of the plots correspond to probe-laser Rabi
frequency, €2, /(2r), indicated in the legend. To allow for a com-
parison of the signals on a fixed scale for the transmitted probe
power, the plots are vertically shifted so that they level out at
zero at large detunings. Also, the TIA gain is decreased with
increasing probe power to avoid saturation. The plot shows data
at the full TIA bandwidth as well as smoothed curves that allow
for an easier comparison of the atomic response across the full
probe-power range.

Rabi frequency. The noise increase at high probe power is
attributed to an increase in shot noise as well as an increase
in TIA bandwidth at lower gain. Over the gain values used,
the bandwidth of the TIA (model SRS SR570) increases
from 200 Hz to 2 kHz with increasing probe power. Hence,
the signals at higher probe powers have considerably larger
noise on the utilized absolute-power scale. In Fig. 3, we
include smoothed curves that allow for an easier compar-
ison of the signal behavior over the entire probe-power
range.

It can be seen in Fig. 3 that at low probe powers (Rabi
frequency < 10 MHz, as used in Sec. IV) the EIT line-
shape is approximately invariant, and that at low probe
powers both the EIT line height and area increase with
probe power. In the limit of vanishing probe power a linear
behavior is expected. Also, the shape of the EIT signal is
asymmetric, with a longer tail on the negative side. We
speculate that this behavior may come in part from the
blending of intermediate-state hyperfine structure, which
adds to the nD-line broadening [36]. For probe Rabi fre-
quencies between 6 and 19 MHz, the EIT peak shifts
slightly from about 67 MHz to 55 MHz, while the shape
and width of the peak still largely remain the same. At
probe Rabi frequencies exceeding ~ 20 MHz, the signals
invert in shape and turn into EIA, with the center of the
EIA dip located ~ 50 MHz above the low-power EIT peak.
The transition from EIT to EIA at high power may be due
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to factors such as optical pumping, diffusive interaction-
time lengthening, and velocity-changing collisions. The
theoretical explanation of this consistently observed phe-
nomenon is beyond the scope of the present paper but
could be a subject of future work.

VI. DISCUSSION AND CONCLUSION

We have observed Rydberg EIT in a vapor cell con-
taining 5 Torr of Ne buffer gas. Results obtained at low
probe power have revealed frequency shifts of the EIT sig-
nals by about 70 MHz, as well as an increased FWHM
EIT linewidth of about 120 MHz. These observations are
largely unaffected by variations in the principal quantum
number of the Rydberg states and in the probe power, as
long as the probe Rabi frequency remains below about
10 MHz. The frequency shift is attributed to low-energy
s-wave scattering between the Rydberg electron and the
Ne atoms and polarization of the Ne atoms by the atomic
electric field. The width of the signal is dominated by
polarization of the Ne atoms. At high probe power, we
observe a transition from EIT to EIA; this phenomenon
awaits a future explanation. In electric-field-sensing appli-
cations, discussed next, it is suggested that probe powers
are used that are sufficiently low to avoid complications of
the data analysis caused by the EIT to EIA transition.

Utilizing the Stark effect of Rydberg levels, poten-
tial applications of our research include noninvasive and
spatially resolved measurement of electric fields in low-
pressure discharge plasmas. As fields of use we envision
dc, rf, dusty, and afterglow plasmas in the sub-500-mTorr
regime. There, buffer-gas-induced shifts and linewidths
will be reduced by a factor of 10 or more relative to those
in our present 5-Torr data, because shifts and widths are
proportional to density [see Egs. (1)+3)]. In the sub-500-
mTorr regime, shifts and widths will be on the order of
the EIT linewidth, and will typically be outweighed by
the Stark shifts of interest. We do not expect the Rydberg-
EIT method to be competitive for high-pressure discharge
and high-density laser plasma with pressures above about
5 Torr, due to EIT signal degradation at higher pressures.

Specifically, the electric fields of highly charged dust
particles in low-density plasma could be spatially mapped
using Rydberg EIT. Since in the sub-500-mTorr regime the
EIT lines will be about 10 times narrower and considerably
taller than in our present work, systematic effects, such as
line pulling by unresolved levels and laser-power changes
during the scans, are expected to become irrelevant. Also,
pressure shifts will be about 10 times less than those in
Fig. 2(a) and tend to become insignificant. We believe that
Rydberg EIT will be well-suited for spatio-temporal map-
ping of electric fields in low-pressure discharge plasma and
near highly charged dust particles in such plasma.

Aside from plasma electric field sensing, for pressures
up to about 5 Torr we see applications of Rydberg EIT as

a real-time, in-situ, and noninvasive readout for buffer-gas
density. The Rydberg-EIT probe can be applied at an exact
location of interest, which can have advantages over read-
ing the buffer-gas pressure at a remote pressure gauge. In
view of the density scaling in Egs. (1)—3), we believe that
at pressures much larger than about 5 Torr the Rydberg-
EIT lines will become too shallow and too wide to still be
observable with the method explored in this paper.
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