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Photoionization of optically trapped ultracold atoms with a high-power
light-emitting diode
Simone Götz, Bastian Höltkemeier, Thomas Amthor,a) and Matthias Weidemüllerb)
Physikalisches Institut, Universität Heidelberg, Im Neuenheimer Feld 226, 69120 Heidelberg, Germany
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Photoionization of laser-cooled atoms using short pulses of a high-power light-emitting diode (LED)
is demonstrated. Light pulses as short as 30 ns have been realized with the simple LED driver circuit. We measure the ionization cross section of 85 Rb atoms in the first excited state, and show how
this technique can be used for calibrating efficiencies of ion detector assemblies. © 2013 American
Institute of Physics. [http://dx.doi.org/10.1063/1.4795475]
I. INTRODUCTION

The availability of high-power light-emitting diodes
(LEDs) covering a vast range of wavelengths allows one to
replace sophisticated laser sources in a large number of applications, whenever the coherence properties of the light source
are not needed. In pulsed mode, LEDs can be operated with
currents exceeding their continuous mode damage threshold.
Thus, short duration pulses with very high intensities can be
created. This allows their use in different kinds of imaging
techniques, such as flow velocimetry,1 where the light intensities in continuous mode operation are insufficient. LEDs are
also increasingly used in atomic and molecular physics where
they replace the so-far indispensable lasers in a growing number of fields. One example is light-induced atom desorption
(LIAD) of atoms from surfaces, which can be applied for
fast and efficient loading of magneto-optical traps (MOT).2–6
Another example is the photoionization of atoms in a lasercooled gas for the creation of ultracold ions. Cetina et al. have
used an LED at 370 nm to photoionize a large number of Yb
atoms from a MOT in order to transfer the cold ions efficiently
into a surface-electrode ion trap.7
Pulsed photoionization of atoms trapped in a MOT with
ultrashort laser pulses has been employed to create short ion
pulses with a well-defined momentum8 and arbitrarily shaped
high-coherence electron bunches.9 In this article, we report
on substituting pulsed laser sources by a high-power LED in
pulsed mode of operation. The short ion pulses generated by
this technique can be used to calibrate time-of-flight assemblies with high accuracy. Furthermore, the photoionization
with LEDs can be applied for measurements of atomic and
molecular ionization cross sections.
II. SETUP

The ionization light pulses are produced by a blue
high-power LED from CREE (model XLamp XR-E LED
XREBLU-B510 ). The spectrum of the emitted light, measured with a fiber-optic spectrometer (Ocean Optics, model
USB2000), is shown in Fig. 1. The central wavelength is at
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480 nm and the spectral width is 28 nm (FWHM). As can be
seen from the level scheme in the inset in Fig. 1, Rb atoms
which are excited into the 5P3/2 state can either reach ionization continuum or be excited to Rydberg states by the LED.
In our case, 50% of the spectral light distribution has a photon
energy above the ionization threshold.
The LED is mounted on a heat sink, which is attached to
a mirror mount for fine adjustment. It can be operated either in
continuous mode using a conventional regulated DC current
source, or in pulsed mode with short current pulses produced
by the driver circuit depicted in Fig. 2. At the input of the
pulse driver, a low transistor-transistor logic (TTL) pulse is
applied. The inverting MOSFET driver SN75372 provides the
gate voltage for the switching power MOSFET IRFU3910.
The additional Schottky diode D1 is needed for damping voltage overshoots and ringing. Capacitor C1 provides the energy
for the light pulse. Resistor R1 = 0.1  is used to limit the
current and to allow for a measurement of the current with a
differential probe. In this configuration, a maximum current
of 2 A flows through the LED during the pulse. As the specified maximum current for continuous operation of the LED
is 1000 mA, the pulse width and duty cycle must be chosen
carefully in order not to destroy the LED.
The light emitted by the diode is divergent with an opening angle of the light cone of θ = 100◦ (FWHM of luminous
intensity). The emitted light is imaged onto the atom cloud at
a distance of 41 cm using an aspheric lens with a diameter of
60 mm and a focal length of 40 mm, which is placed 12 cm
from the LED. The intensity distribution at the image plane
has been measured using a power meter behind a movable iris
with an aperture of 1.5 mm. The intensity distribution ILED
is constant within 10% over an area of about 20 × 20 mm2 ,
which typically covers the area of a trapped atom cloud.
The setup used to demonstrate the pulsed LED ion source
is designed to detect recoil ions from collisions in a MOT on
a micro-channel plate (MCP) followed by a position sensitive
detector. The MOT is therefore placed inside a recoil-ion momentum spectrometer11, 12 (Fig. 3). The atoms are loaded from
an additional two-dimensional MOT13 (not shown in the picture). Typically 8 × 107 atoms are trapped in the main retroreflected MOT at a density of 1010 cm−3 . A detailed description of the apparatus can be found in Ref. 14. When shining
the light from the LED onto the MOT, the ions produced by
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tions, the photoionization rate (per atom) can be expressed as
PI = fexc N σ where N denotes the photon flux of the light
source at energies larger than the ionization threshold, given
by the spectral intensity distribution in Fig. 1. σ is the effective ionization cross section for the part of the spectrum of the
LED being above the ionization threshold. For the following
analysis, we assume σ to be constant over the LED spectrum.
Previous measurements17–19 and calculations20 only show a
small variation below 10% of the cross section over this spectral range justifying this assumption. The effective cross section can be determined from the total number of trapped
atoms N(t) using a simple rate equation model:21
FIG. 1. Spectrum of the LED. The red dotted line indicates the ionization
threshold of Rb atoms in the first excited 5P3/2 state. Inset: Level scheme of
85 Rb.

photoionization are accelerated towards and focused onto the
ion detector by an electric field of 0.3 V/cm, followed by a
field-free drift region. After a time of flight of 315 μs, they
are detected by a micro-channel plate. In order to avoid background ions, the ion detector is gated for 4.5 μs with a delay
of 314.5 μs after the LED pulse.
III. RESULTS
A. Continuous mode

While running the LED in continuous mode, the fluorescence signal of the MOT is monitored with and without the
LED light present ( PI = 0). In order to convert the fluorescence signal into the number of trapped atoms, the fluorescence is calibrated using standard absorption imaging of the
atomic cloud.15 As clearly seen in Fig. 4, the loss of atoms
from the trap induced by photoionization results in a decrease
in the total atom number in the trap. We verified that only the
excited atoms are ionized by measuring the ion rate on the
MCP with and without the trapping lasers, finding no signal
in the latter case.
Following Townsend et al.,16 we estimate the fraction of
the trapped atoms in the excited state to be fexc = 0.4 for our
MOT laser settings (20 mm 1/e2 beam diameter, 73 mW total laser power on the cooling transition). Under these condi-

FIG. 2. Circuit diagram of the pulsed LED. For explanation see text.

N (t) =

L

(1 − e− t )



(1)

with L being the atom loading rate into the trap and   =  PI
+  at the total loss rate (per atom). The rate  at accounts for
intrinsic atom loss from the trap, e.g., due to collisions with
hot background atoms. From a fit of Eq. (1) to the loading
curve without the LED light present, L and  at can be determined (see Fig. 4). Using these values and measuring the
loading curve with the LED light on, σ can be determined
from  PI .
During the experiment, we vary the intensity of the LED
from ILED = 190 W/m2 to ILED = 370 W/m2 , corresponding
to a photon flux of N = 4.6 × 1020 s−1 m−2 and N = 8.9
× 1020 s−1 m−2 , respectively. Only photons with an energy
above the ionization energy have been included in the photon
flux. We deduce an averaged photoionization cross section of
σ = (6.8 ± 1.2) × 10−18 cm2 , where the given error is statistical. A systematic error of roughly 50% adds to the statistical
error, arising from the uncertainty in the determination of the
total atom number and the excited state fraction. To reduce
this error, a better calibration of the absorbtion imaging system, e.g., using saturated absorption imaging,22, 23 would be
required, but is beyond the scope of this paper.
B. Pulsed mode

Operating the LED in pulsed mode, the rate of measured
ions can be expressed as
Rion = N PI η.

(2)

N is the total atom number in the cloud and the factor η denotes the detector efficiency (η ≈ 30%). The ion rate is measured by counting the number of ions detected by the MCP.
After the time of flight of 314 μs, which the recoil ions need to
travel from the interaction region to the MCP, a gate is applied
to the MCP signal. Since the overall background ion rate is as
low as 20 Hz, setting the gate to 7 μs results in a complete
suppression of background signal.
With a repetition rate of 100 Hz and a pulse length of
100 ns, leading to N = 5.9 × 1011 s−1 m−2 , we observe a
rate of 88 Hz. Reducing the pulse length to 30 ns while keeping the repetition rate constant, corresponding to N = 9.6
× 1010 s−1 m−2 , the ion rate decreases to 9 Hz. The nonlinearity between the ion count rate and the intensity is
due to atom number fluctuations in the trap. From these
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FIG. 3. Schematics of the experimental setup. Rb atoms are trapped in a magneto-optical trap in the center of a recoil-ion momentum spectrometer and ionized
by the light emitted from the LED, which is imaged onto the atom cloud. The aspherical imaging lens has a focal length f = 40 mm. The ions are accelerated
towards the MCP detector by the voltage UE and focused in time by the voltage UF before entering the field free drift region with the voltage UD = 0.

measurements, we deduce an averaged cross section of
σ = (8.8 ± 2.2) × 10−18 cm2 .
C. Discussion

The effective cross sections measured in continuous and
pulsed mode both match well within the statistical error bars.
Previously published results are all based on photoionization
using narrow-bandwidth lasers. The measured cross sections
covered a spectral range from 406.1 nm to 476.5 nm.17–19, 21
Our measured cross section compares favourably to the values measured in Refs. 17–19 and the calculations in Ref. 20,
but deviates by a factor of two from the value measured by
Gabbanini et al.21
We further explore the possibility of using the described
setup as a source of short ion pulses. For this purpose, the
LED is operated in pulsed mode. The resulting time of flight
distribution of the produced ion pulses, detected by the MCP
after a time of flight of 315 μs, is depicted in Fig. 5. Due to

the maximum recoil momentum of 0.7 μeV which the ions
acquire during the ionization process and the imperfect time
focusing of the recoil ion momentum spectrometer the ions’
time of flight distribution is broadened to 190 ns and 300 ns
(FWHM) after ionization with 30 ns and 100 ns pulses, respectively. A Wiley McLaren type of spectrometer24 could
be used to reduce the temporal broadening of the ion pulses.
In this type of spectrometer, the geometry as well as the focusing voltage are optimized for time of flight focusing only,
whereas the geometry and focusing voltages of a recoil ion
spectrometer as used in this paper are a compromise between
time of flight resolution and spatial resolution. The length of
the ion pulses is limited by the finite rise time of the LED,
which means that at even shorter pulse lengths the total ion
flux will decrease significantly. Whenever shorter ion pulses
are needed, the use of pulsed laser sources will be necessary.
However, as we have demonstrated LEDs offer a cost effective alternative for pulse lengths of a few nanoseconds and
beyond.
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FIG. 4. Loading curve of MOT with and without the LED. The data points
correspond to the fluorescence signal converted into a total number of trapped
atoms. The yellow solid lines are a fit of Eq. (1). The intensity of the LED
are ILED = 190 W/m2 and ILED = 370 W/m2 , measured at the position of the
atom cloud.
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FIG. 5. Measurement of temporal intensity distributions of the LED in
pulsed mode. The LED is pulsed for 30 ns (blue solid curve) or 100 ns (red
dashed curve). After a time of flight of 315 μs the ions are detected and have
a time spread of 190 ns (blue open circles) and 300 ns (red solid circles)
(FWHM), respectively.

Downloaded 17 Apr 2013 to 147.142.161.138. This article is copyrighted as indicated in the abstract. Reuse of AIP content is subject to the terms at: http://rsi.aip.org/about/rights_and_permissions

043107-4

Götz et al.

IV. CONCLUSION

We have demonstrated a simple and low-cost ionizing
light source based on a high-power LED, which can be used
to replace sophisticated laser sources whenever the coherence
properties of the light source are not an issue. High-power
LEDs are nowadays available for a vast range of different
wavelengths. The length of the light pulses is mainly limited
by the parasitic capacitance of the LED. We have realized
LED pulses as short as 30 ns. The effective photoionization
cross section σ is determined from two independent measurements ionizing magneto-optically trapped atoms from the excited state, using the LED in cw mode and in pulsed mode,
to be σ = (6.8 ± 1.2) × 10−18 cm2 and σ = (8.8 ± 2.2)
× 10−18 cm2 , respectively. Using additional spectral filters,
the exact dependence of the ionization cross-section on the
wavelength could be measured. Conversely, for a well-known
photoionization cross section, an LED operated in pulsed
mode can be employed to precisely determine the detector
efficiency or excited state fraction. This always implies that
either one of these two values is well known, otherwise only
their product can be determined. In our experiment, we apply photoionization with pulsed LEDs for routinely calibrating the time-of-flight spectrometer, replacing a pulsed lasers,
which has been employed so far. With our setup, we have detected ion pulses as short as 190 ns, with the measured pulse
length being limited by the instrument’s resolution. Polarizing the light from the LED to induce a characteristic angular
distribution of the recoil ions, one could also use the setup
for calibration of position resolving detectors as used, e.g., in
recoil-ion momentum spectrometers.25, 26
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