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Rydberg atom spectroscopy enabled by blackbody radiation ionization
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We have excited helium atoms from their metastable 2 3S state to Rydberg states in the range 13 < n < 50ina
two-step process via the 3 3P state using light at A = 389 nm and 785-815 nm. Atoms in a thermal beam (100 K)
cross partially overlapping laser beams of the appropriate frequencies in the counterintuitive order to exploit the
high efficiency of stimulated rapid adiabatic passage. The interaction region is between two plates that can be
used for Stark tuning in a few V/cm field or for field ionization. At fields much too low for field ionization,
we observe signals attributed to ionization by blackbody radiation. Multiple tests confirm this attribution as the
cause of ionization. For example, by heating the plates we observe the expected signal increases. Our experiments
reinforce previous work where the interaction between Rydberg atoms and room temperature blackbody radiation

is important for experiments.
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I. INTRODUCTION

Rydberg atoms have attracted widespread attention as tools
for many applications in atomic physics, quantum information
science, plasma physics, and as an object of study themselves.
Their properties have been thoroughly discussed in hundreds
of articles, and an important presentation of early work with
references is in Ref. [1]. Our research on Rydberg atoms
stems from using inhomogeneous electrostatic fields to control
their motion for use in atom optics, not only for its intrinsic
importance to atomic physics but also for applications such as
lithography and atom interferometry.

The usual production and detection methods of Rydberg
atoms have been known since the advent of tunable lasers in
the early 1970s. Briefly, one or more laser beams can be tuned
to the desired atomic transition (or stepwise excitation scheme)
and applied either cw or pulsed to a sample of atoms. Detection
is almost always by ionization, either with additional radiation
or by a modest dc electric field. Radiative ionization works
even at very low frequencies because these highly excited
states are quite weakly bound. The binding energy for n = 25
is only ~20 meV, whereas blackbody radiation (BBR) peaks at
~125 meV for T ~ 300 K. Field ionization is quite effective
for a similar reason, and most states can be ionized by a
few hundred V/cm. State selectivity naturally accompanies
the field ionization detection method because its threshold is
Err = (5 x 10°/16n*) V/cm.

Radiative transitions between two Rydberg states and to the
continuum, induced by ambient BBR, were studied in the early
days of Rydberg atom spectroscopy [2—7] and continue to be
a topic of great current interest [8—10]. Although typical BBR
ionization rates are in the kHz range, they are still sufficient
to ionize a small fraction of the Rydberg atoms in a thermal
beam.

There are several new topics presented in this work. The
first is the substantially increased sensitivity to the very small
fraction of thermal Rydberg atoms ionized by BBR, demon-
strating that no additional ionization procedure is needed for
observation and accurate measurement. Simply by tuning a
weak dc electric field (few V/cm) or the laser frequency, we
can resolve fine details of the Stark spectrum. The second
is the application of the high efficiency of stimulated rapid

1050-2947/2011/84(3)/033402(7)

033402-1

PACS number(s): 32.80.Ee

adiabatic passage excitation (STIRAP) for the spectroscopy
of these states over a wide range of n [11-13]. This has been
demonstrated before [14—16] but not with both the resolution
and efficiency that we can achieve. The third is an approximate
corroboration of the calculations of Ref. [10] and our rate
equation description of the redistribution of atoms among
Rydberg states. The “reservoir” idea proposed here has been
used before [17] but is of importance to quantum information
studies as well as the properties of cold neutral plasmas.
Finally, we are developing a method for absolute measurement
of the efficiency of STIRAP that is used here [18] and will be
reported in a later paper [19].

II. EXPERIMENT

In the present experiments we use helium excited to
Rydberg states in two steps from the 2 3S metastable state (He*)
[20-22] with state selectivity implemented spectroscopically
on the upper transition. We detect excitation to the Rydberg
states by measuring the ions produced by BBR at the ambient
temperature (~300 K). The ionization process is a mixture
of single-step photoionization and diffusion among Rydberg
states but always driven by the local thermal radiation field, as
will be discussed below.

A. Helium source and atomic beam detection

The details of the atomic beam properties and geometry will
be important later and so are presented here. The He* atoms
are produced in a reverse flow dc discharge source labeled
A in Fig. 1 [23,24]. It has a slightly supersonic longitudinal
velocity distribution of halfwidth ~4 230 m/s centered near
1070 m/s. This horizontal atomic beam (dashed line in
Fig. 1) is collimated to 2 mrad by a rectangular aperture
0.3 mm wide by 0.5 mm high that subtends ~2.5 x 1076 sr
located ~23 cm away from the 0.5-mm-diam source aperture
(B in Fig. 1).

The source output is about 10'* He* atoms/sr s, a few parts
in 10 of the total He flux. The He* flux of ~2.5 x 10%/s
through the collimating aperture expands to ~ 1.2 mm X
1.5 mm at the beam’s transverse extrema in the interaction
region ~25 cm downstream from the aperture (C in Fig. 1).
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FIG. 1. A top view of the atomic beam setup shows the position of
the plates, aperture, and detectors (all dimensions in cm). The dashed
line is the beam, A indicates the source region, B is the collimating
aperture, and E is the beam detector. The laser beams (L) cross the
atomic beam at right angles and the crossing point can be moved
along the beam direction by the extent of the the Stark tuning plates
P. The detector was first at D but was later moved to C (see text).

Most of the He* atoms are concentrated in the central region
of the beam where the average density is ~1.4 x 10°/cm?. The
flux and density of ground-state He atoms are ~5 x 10° times
larger. The collisional mean free path for He* on He* that
can cause Penning ionization at this density is ~5 x 107 m
using the approximate geometric cross section 10715 c¢m?.
Collisions of He* on ground-state He or background gas also
have negligible effect on the populations.

The source produces both He* and uv light and these are
distinguished by time-of-flight measurement when we use a
chopper in the atomic beam line. They can also be separated by
deflection of the atoms with an auxiliary laser beam. The flux of
the uv light is approximately the same as that of the He*. Their
ratio depends strongly on the discharge parameters (pressure,
current, and voltage), and it was found that higher pressure
increases the amount of uv light and inhibits production of
He*.

The He* atoms fly 1.4 m through the vacuum system to a a
beam detector where they strike a multichannel plate (MCP)
and easily eject electrons from its upstream side because they
carry ~20 eV of internal energy (E in Fig. 1). The output
electron bunches of this beam detector can be accelerated to
a phosphor screen that is viewed by a charge-coupled device
(CCD) camera whose image is stored in a PC.

Because of the nonlinearities of the phosphor/CCD detec-
tor, we also use another configuration of this beam detector.
In this scheme He* atoms strike a stainless steel target plate
where liberated electrons are accelerated to the MCP, and the
total output charge is collected on an anode. The anode current
is measured by a pico-ammeter and typical values are ~6 nA
after ~3 x 10* amplification by the MCPs. Since the electron
ejection efficiency is ~70%, this corresponds to a count rate
of ~2 x 10°/s, and this value is corroborated when we use the
anode in pulse-counting mode into 50 €2.

There are several independent causes that each contribute
some signal reduction from the estimated ~10® He*/s emerg-
ing from the rectangular collimation aperture. These include,
but are not limited to, the effect of the 2-mm vertical slit
aperture in front of the target plate of the detector (placed
for approximate beam spread profiling), the residual beam
spread from the collimation (few mrads), the additional
spreading from the laser deflection (a few more mrads), the
estimated 75% efficiency of the deflection process, and the
70% efficiency of electron ejection by a He* atom.
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B. Laser system and excitation region

We excite He* atoms in our beam to principal quantum
numbers n ranging from the low teens to the mid 50s. The
excitation process requires light at A = 389 nm for the 2 3§ —
33P transition and in the 785- to 815-nm region for the 3
3P — nS, nD transitions, as shown in Fig. 2.

To induce the uv step of excitation, a commercial frequency
doubled Nd:YVO4 laser (Coherent Verdi V10) is used to pump
a Ti:Sapphire laser (TiS). The output from the TiS is frequency
doubled by a lithium niobate crystal (LBO) in a commercial
external build-up cavity (Coherent MBD-200) to produce light
at A = 389 nm. This doubling cavity is locked to the TiS laser
frequency and a small part of the uv light is used in a saturation
spectroscopy scheme to lock the TiS to 1/2 of the atomic
resonance frequency [25]. The uv light is transmitted to the
atomic beam apparatus by an appropriate single-mode fiber for
alignment convenience and to assure a good spatial intensity
distribution. The ir light in the A = 785-815 nm wavelength
region is produced by a second TiS pumped by another Verdi
V10 laser. It is locked to its own internal, unstabilized etalon.

Both laser beams are focused by cylindrical optics to el-
lipses whose full-width-at-half-maximum (FWHM) intensity
points are 2 mm vertically and 0.5 mm horizontally and cross
the atomic beam at a right angle (L in Fig. 1). Even though
the vertical atomic beam waist size is large (1.7 mm FWHM),
atoms at its vertical extrema experience a Rabi frequency that
is more than 80% of the maximum at the laser beam center. The
power of the uv beam is ~10 mW and of the ir beam is ~1 W
so the Rabi frequencies for each transition (n ~ mid 20s) is
~15 MHz, corresponding to ~8 Rabi oscillations during the
0.5-us passage time through each laser beam.

The excitation region is between two highly polished and
parallel aluminum field plates, about 7 x 17 cm and separated
by ~6 mm (P in Fig. 1 and shown in Fig. 3). A voltage
difference can be applied to produces a small dc electric field
that enables Stark tuning of the excitation process.

C. Ion detector

As described above, there are two detector systems. The
beam detector is about 1.4 m downstream of the interaction
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FIG. 2. The excitation level scheme used in our experiments.
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FIG. 3. (Color online) This diagram of the interaction region
shows the atomic beam passing between the field plates from left
to right, the overlapped laser beams crossing it at angle 77 /2, and the
ion detector. In earlier experiments the upper plate was solid and the
detector was mounted at position A just downstream of the end of
the plates. In later experiments the upper plate was replaced by one
with an array of 30 holes 0.5 mm diam spaced by ~4 mm arranged
in a triangular array near its center (also shown), and the detector
mounted at position B just above these holes. The laser beams can be
moved relative to one another and along the He* beam by almost the
full length of the plates.

region and is used for observing the He* atoms as discussed in
Sec. II A. The ion detector is part of the interaction region and
is located just beyond the field plates, above the atomic beam,
as shown at D in Fig. 1 and A in Fig. 3. The electron shower
of this ion detector is initiated by ions accelerated toward
its MCP surface by a —1600 V potential, sufficient to direct
them to the MCP and cause electron ejection. It measures the
ionized Rydberg atoms by amplifying their current using a
second MCP whose output pulse is attracted to a metal anode.
As with the downstream beam detector, the ion detector can
operate in current mode or in pulse-counting mode.

From such measurements we can extract the MCP gain,
the ionization rates, and many other useful parameters. In
particular, the 5-ns voltage pulses with 50 2 across the anode
have amplitude of 3 mV that means the MCP gain is ~2 x 10°
at the voltages we use (corresponding to device specifications
for these higher voltages compared to those of the beam
detector). The 40-nA dc current that we measure by exciting
the 24 § state, therefore, corresponds to a count rate of
1.2 x 10°, and in pulse-counting mode we measure ~103/s.
These similar numbers are about 1000 times less than the
estimated 10® Rydberg atom flux and will be discussed below.

III. RESULTS

A. Rydberg-Stark spectroscopy

We have examined the spectrum of several different n states
of He in a weak electric field. Typically we fix the frequency
of the A ~ 785-815 nm ir laser and scan the voltage across the
plates, although we can also fix the voltage and scan the laser
frequency as in Sec. IIID. We have not made careful Stark
maps of the energy level structure from all these n states, but
we find that we can easily resolve the S and P states from the
manifold of other ¢ states because of their significant quantum
defects. We readily resolve the D state from the manifold of
higher ¢ states at zero field by scanning the ir laser frequency
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because its quantum defect of ~3 x 1072 results in a splitting
from the n = 24 manifold of ~1.4 GHz (barely visible on the
inset to Fig. 4).

Each of the measurements plotted as a dot in Fig. 4
represents the presence of a peak in the BBR-induced ion
signal from the detector (see Sec. IIIB) shown in Fig. 3
near the interaction region. The ir laser frequency is fixed
and the electric field is scanned over a small region in the
vicinity of the resonance as indicated by the solid horizontal
lines. The dashed lines are the energies calculated by simply
diagonalizing the Hamiltonian matrix using the method of
Ref. [27]. There is superb overlap between the data points
and the energy calculations with no fit or adjustments in this
plot. Even the apparent double data points correspond to the
energies of different m, states when the calculation is done in
higher order [28].

In these experiments the Rydberg atoms were excited at
C and the detector was located at D in Fig. 1. Although it
was expected that their lifetime would allow flight for this
10-cm distance, it was not clear what caused their ionization
in the detection region. Below we describe very slow but
continuous ionization all along the flight path caused by BBR.
The spectroscopic measurements and state identification were
corroborated by the field ionization measurements described
in Sec. III B.

B. Detection of ionized Rydberg atoms
1. Field ionization

We have measured the strength of the ionization signal
along the flight path of the atoms. We replaced the upper plate
by one having an array of 30 holes of 0.5 mm diam spaced
by ~4 mm arranged in a triangular lattice near its center and
mounted the detector just above these holes (C in Fig. 1 and
position B in Fig. 3). These changes enabled us to detect the
Rydberg atoms by field ionization and to assure that our signals
were not compromised by complicated flight paths of the ions
resulting from stray fields near the ends of the plates when the
detector was at D in Fig. 1 (A in Fig. 3).

The first experiment was to field ionize the Rydberg atoms
by applying several hundred volts to the plates. The resulting
signals had a field threshold at the correct values given
by & =35 x 10°/16n* V/cm. This direct field ionization
corroborated our spectroscopic measurements described in
Sec. IIT A because we could identify the states we chose to
excite by £y as well as by their optical excitation frequency.
Also, the signals were very much larger than those collected
previously with the detector at A in Fig. 3 even though the
acceptance area was reduced to that of the small holes instead
of the partially open, 1.5-cm-aperture of the MCP as shown.
Assuming that the applied field ionized all the Rydberg atoms,
we conclude that our previous signals were derived from a
very small fraction of the total Rydberg population.

When we moved the well-defined location of the sub-mm
size laser beams to positions not underneath one of the holes,
the field ionization signals vanished because the ions were
accelerated directly into the plate. We could map out the
position of the holes this way, and the results corroborated
their known physical positions.
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FIG. 4. (Color online) The dashed lines are energy eigenvalues calculated for the n = 24 Rydberg states with m, = 0 using the method of
Ref. [27], and the dots show the location in frequency and field where we observed ion peaks. The solid horizontal lines indicate a few of the
field scans with the laser frequency held fixed. The inset is a zoom near the low field region.

2. Blackbody radiation ionization

With the applied field set below Egj, there were still
ionization signals when the laser frequencies were resonant
with transitions to the Rydberg states, but these were very
much smaller. Moreover, moving the excitation region defined
by the laser beams away from directly under the holes made
no noticeable change in the signal strength. This means that
the ionization in this case was a slow process, occurring all
along the atomic flight paths.

Just beyond the interaction region we used an auxiliary
laser beam that drives the 2 3§ — 23P transition at A =
1083 nm to deflect the metastable 2 3S atoms [18,19]. This
can be used to measure the remaining fraction of He* atoms
after the STIRAP process and thereby determine its absolute
efficiency. We moved the Rydberg excitation region upstream
considerably and used the average longitudinal velocity of
the atoms in the beam to convert the position to time delay.
The increase of 2 3§ population measured with the beam
detector slightly displaced transversely from position E in
Fig. 1 was used to calculate rates of radiative decay of
the 245 and 30S states. The dominant decay channel from
these states is nS — 23P — 23S [29] and the last step takes
only 0.1 us. Thus the repopulation time of 2 3§ is a valid

measure of the nS lifetimes. Our measured 11.1(1.1) us and
19.1(1.6) ws lifetimes agree well with the calculated 9 and
17 ps [29].

An interesting result arose when, with the excitation region
moved upstream, we measured the exponential decrease of the
ion signal strength. Plots of this signal decrease are shown in
Fig. 5 where a single exponential decay has been fitted to the
data, and the fit is quite good. Again, we converted the position
to time to get the decay lifetimes. We found 16(1) and 34(1) us
for the 24.5 and 30S states, respectively, and these lifetimes are
significantly longer than the calculated lifetimes. Such slower
decays of the ionization signal were completely unexpected,
and a possible explanation is in Sec. III B 3.

The measurements described above provide convincing
evidence that the signals we detect in the absence of field
ionization derive from BBR ionization of a very small fraction
of the Rydberg atom population. Our estimated Rydberg
excitation rate is ~8 x 107/s because other measurements
suggest that we can excite ~1/3 of the ~2.5 x 10® He*
emerging from the rectangular aperture at B in Fig. 1 [18,19].
The 24S measurements were made ~28 mm downstream from
the excitation region, and as Fig. 5 shows, ~75% of the atoms
have either decayed or been ionized in this distance, suggesting
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FIG. 5. (Color online) The two lower curves show the decay of
the ion signal from the 24S and 30S states (squares and circles,
respectively) taken by moving the laser excitation region upstream
from the 25-mm lattice of the holes in the upper plate. For these
data the voltage between the plates was just enough to attract the
ions through the holes, well below Ef;. Since the peak of the
atomic beam velocity distribution is at ~1070 m/s, the 30-mm scale
here corresponds to a flight time of ~28 us. The uppermost curve
(triangles) is for the 30S state with the plates heated to about 380 K.

a flux of ~2 x 107 Rydberg atoms/s at this point. Our count
rate of ~10° was ~0.5% of this.

We have had direct communication with the authors of
Ref. [10] who estimated the rate of direct photoionization of
24S Rydberg atoms to be ~300/s [30]. In the 15 pus that our
atoms traveling at 1070 m/s are in the 15-mm field of view of
our ion detector, we would expect 0.45% of them to be ionized.

The BBR can also induce transitions from 24S to various
P states, and the strongest such transitions have An < 2 [31].
Thus a few of these can be populated and then ionized by
BBR in a two-step process [10], and the combination of
ionization by both processes is comparable to our measured
~0.5 % [30]. Although the rate for each of these two-step
processes is small, there are many accessible Rydberg states
that provide multiple independent ionization channels so their
total contribution is significant. Any three step processes do
not contribute significantly.

3. Rate equation description of reservoir

There have been several calculations of the ionization
and redistribution rates of Rydberg atoms by BBR [8-10]
that are in approximate agreement. We have concentrated
on Ref. [10] that identifies the two primary BBR ionization
channels discussed above. For the two-step processes, the n.S
states can be driven only to the n P states by electric dipole
processes, and their lifetimes are approximately twice those of
the S states [29].

We have made a rate equation model of the effect of BBR
on the particular Rydberg state |e) that we populated. We
suppose that |e) can radiatively decay to the 2 3S state |g) at
rate y., and that the BBR can ionize the state |e) directly at
rate y,;, where the subscripts g and i refer to the final state.
We also suppose that there is a reservoir of n P states that can
be populated by BBR from |e) at a rate y,, [17]. Since these
n P states decay more slowly than the nS states where they
originated, they can contribute to the ionization signal for a
longer time and thereby extend its duration. They can also
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be further redistributed, but for the purpose of our model we
neglect these dynamics and lump all such behavior into y,;
for direct ionization and y,, for decay to |g). We assume that
there are so many states accessible to these reservoir atoms
when they are driven by BBR that their rate of return to |e) is
negligible. As long as there are some individual reservoir states
whose decay rates are slower than |e) and ionize faster than |e),
we might expect an ionization signal of longer duration [31].
The rate equations are

Ne(t) = _yegNe — YerNe — VeiNe = —yeN, (1a)
Nr(t) = yerNe - yrgNr - yriNr = yerNe - err- (1b)

The solution of Eq. (1a) is simply N,(z) = N.(0)e?'. Then
Eq. (1b) is solved by
e Vel — V!
—i| . 2)

Yr— Ve

The current measured by our ion detector is given by
I;(t) = y.iN.(t) + y,i N.(t) and we compared this with the
repopulation rate of | g) given by Ng(t) = YegNe(t) + Vg N-(2).
We estimated y,, ~ 6 X 10*/s from Fig. 2 of Ref. [29] and val-
ues of y,, ~ 1.6 x 10%/s, ye; ~ 400/s, and y,; ~2 x 10*/s
from Fig. 1 of Ref. [10]. Those reservoir states that decay
quickly do not contribute much to /;(#) and for the slower-
decaying ones we take .z ~ Veg/2 and y,; ~ 2y.;. Plots of
I;(t) and Ng(t) then show behavior qualitatively similar to
Fig. 5.

This reservoir model was corroborated by two experiments.
In the first one, we heated the plates to ~380 K with a dc current
through thermally epoxied resistors mounted on the outside of
the plates to increase the BBR intensity, and we observed a
strong increase of the ionization signal strength (cooling them
is more difficult). The current caused no noticeable electric
field effects. The magnitude of these changes is consistent with
the results of Ref. [10] and is a most convincing test of the BBR
ionization hypothesis. Moreover, in the warm environment,
the spatial decay rate (hence temporal rate) was observed to
be much slower, as shown by the uppermost data set in Fig. 5.
Our rate equation model is also consistent with this further
increase in the decay time.

In the second experiment we shined a second beam of
the excitation frequency red light onto the atomic beam
immediately after the excitation region in the hope of causing
stimulated emission back to the 3 3P state and subsequent
decay to |g) that we could then detect by deflection (see
Sec. III B 2). We saw almost none, suggesting that the diffusion
from |e) into the reservoir states is significantly faster than y,,.
The fact that the measured N,(¢) shows a time dependence
consistent with the calculated lifetimes of Ref. [29] suggests
that y,,, averaged over all the reservoir states, is indeed
comparable to V.

N, (1) = Ne(O)Ver |:

C. Study of collisional ionization

We have done several experiments to test for the presence of
collisional ionization. To check for the effects of background
gas collisions we partially choked off the vacuum pumps
so the background pressure rose significantly. There was no
appreciable change of the ion signal when normalized to the
reduced He* flux. We varied both the He gas flow rate and the
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outlet pressure of the source, and similarly saw no significant
changes. Finally, we varied the discharge conditions of the
source, both current and voltage, with no net observable effect.
This series of measurements convinced us that all collisions
play a negligible role in ionizing the Rydberg atoms.

D. Testing the laser parameters

In all of these experiments, the excitation process exploited
STIRAP to maximize the number of Rydberg atoms [11-13].
That is, the atoms in the beam first encountered the red
light in the A = 785-815 nm region that connects the 3 3P
state to the nS and nD states and then the A = 389 nm for
the 2 35§ — 33P transition (see Figs. 2 and 3). To test how
well our laser parameters satisfied the STIRAP condition, we
exploited the BBR ionization to measure the laser parameters
directly.

We optimize our process by measuring both the laser beam
profiles and total power and then use this information to
compute the spatial dependence of the Rabi frequency of
the STIRAP beams from the atomic state transitions matrix
elements. Because the 1.5-mm atomic beam height is well
inside the 2-mm FWHM vertical laser beam height, the
atoms in different parts of the beam experience only a small
difference of Rabi frequencies. Since our beam profilometer
measurements and the power measurements are accurate to a
few %, we are confident of these calculated values of the Rabi
frequencies.

Nevertheless, we can check these values using the atoms
themselves as probes of the uv laser Rabi frequency by
measuring the Autler-Townes splitting of the 3 3P state. We
use the strong uv light to drive the 2 3§ — 33P transition
and a reduced power ir beam as a probe of the two-peak
separation. Figure 6(a) shows a small sample from our spectra
obtained by scanning the ir laser frequency in the region of
A =792.28 nm to excite the 30S state in zero applied electric
field. The scans in Fig. 6(a) are for various uv powers P,, and
Fig. 6(b) shows a plot of the separation between the peaks
VS «/ Pyy.

The inset to Fig. 6(b) shows the geometry of our setup
viewed along the laser beams. The uv beam was expanded to
have a FWHM profile of 1.6 mm wide by 1.24 mm high as
shown by the larger ellipse, and the red beam was moved to
its center and focused to a smaller size of FWHM 0.32 mm
wide by 0.66 mm high as shown by the inner ellipse. The
horizontal lines show the atomic beam’s 1/2-mm width where
its profile is flat and maximum, but it has penumbral regions
of comparable size above and below. Estimates suggest that
80% of the atoms experience a uv Rabi frequency of at least
85% of the peak value.

We convert P, to the peak Rabi frequency €2, from our
beam profilometer’s fitted values of the full width half max-
imum (FWHM) by first calculating the Gaussian beam waist
wo ~ 0.85 of the FWHM value. We modified the expression
for the peak intensity /. of a circular Gaussian beam for our
elliptical case to I, = 2P /mw;w,, where P is the total power,
and calculate €2,, for both the M; = 41 and O transitions
driven by our linearly polarized light that each have AM; = 0.
They are nearly equal so we take a weighted average to find
Quy ~ 2.89./P,, with P,, in mW and €, in MHz. The slope
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FIG. 6. Part (a) shows a few traces of the measured ionization
current derived from Rydberg atoms exposed to both uv and ir light
vs. ir frequency. The double peaks are separated by the uv Rabi
frequency €2, and constitute the Autler-Townes splitting. Part (b) is
a plot of the observed Q,, vs. +/P,,. The inset to part (b) shows the
geometry of the two laser beams and the path of the most intense,
central part of the atomic beam (see text).

of the fitted straight line in Fig. 6(b) is 2.79(.22) MHz//P,,
and the agreement corroborates our confidence in these
measurements, although we think its excellence is somewhat
fortuitous.

We have made measurements with the uv light tuned
off-resonance and the ir light detuned accordingly and ob-
served the expected asymmetrical peak heights as the ir laser
frequency is scanned. This provides additional confidence
of our knowing the nature of the light field that the atoms
experience. The individual peaks of Fig. 6(a) have a FWHM
of ~12 MHz that may arise from a variety of effects such as
power broadening from the ir probe light (~4 MHz), residual
variation of uv laser intensity in the smaller ir probe region
(~4 MHz), laser frequency jitter (~1 or 2 MHz), residual
stray electric fields (~1 MHz), and so on.

IV. SUMMARY AND CONCLUSIONS

We have measured the Stark spectra of Rydberg states of
He with large S/N using only the ambient BBR to produce the
ionized Rydberg atoms we detect. Support for ion production
by BBR comes from several conclusive experiments and no
additional fields are required. The two step Rydberg excitation
route is performed in the STIRAP configuration with the
eventual goal of an absolute STIRAP efficiency measurement.

We have measured the time dependence of the decay of
the ionization signal as well as of the repopulation of the
ground state and found quite different rates. We attribute this
difference to the population of multiple states in a reservoir
of the Rydberg levels, some of which radiatively decay to
2 3§ more slowly and ionize faster than the laser-populated
state |e). We have modeled the process with rate equations that
show similar behavior to our measurements. We have exploited
the BBR ionization to use the Autler-Townes splitting as a
laser-beam diagnostic.
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