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1. Introduction

The seminal paper for the undergraduate MOT appeared in AJP in 1995 by C. Wieman and

G. Flowers; ‘Inexpensive laser cooling and trapping experiment for undergraduate

laboratories’. Here they write: “Because of this visual appeal and the current research

excitement in this area, we felt that it was highly desirable to develop an atom trapping

apparatus that could be incorporated into the undergraduate laboratory classes.” [1] From

our observations, it seems that while there are extraordinary examples of MOTs thriving in

a few undergraduate labs, MOT experiments have yet to be widely implemented into the

undergraduate curriculum - likely because they are, in fact, not trivial to make.

With the luxury of having been able to consider all the progress the field has had to offer

in the 15 years since this 1st undergraduate MOT design paper came out, we present a

design for a Visible MOT (VMOT) that incorporates significant simplifications and

straightforward techniques to make this undergraduate experiment more ‘do-able’.

Moreover, because the VMOT is in the visible we argue that the clarity, ease and

educational impact of the experiment are significantly enhanced. Affordability is certainly

the next question and while this is not the most expensive experiment, it certainly is

beyond the one-time budget of most undergraduate institutions. So, what are the

possible sources that one can use for this experiment and in times when assessment and

student numbers are rightly being considered, how can this VMOT fare?

2. Why doesn’t everyone have a 1st generation 

MOT?

While the MOTs based on this design are highly desirable and functional, at least at the 

University of San Carlos lab they point out that the full MOT experiment cannot 

realistically be realized in the undergraduate lab.  “The laser cooling and trapping of Rb

atoms cannot be easily set up as an undergraduate level experiment.  The theoretical 

background and the operation of the equipment is too difficult to master in such a short 

time.  Instead, the MOT served as a source of undergraduate research projects for physics 

major students who opted to do their graduate work in the Optoelectronics Lab.” [2]

To understand perhaps why this may be so and therein why, as the PI’s observe, the 1st

generation MOT has yet to become widely implemented it is helpful to summarize the 

main technical features of the design while pointing out possible shortcomings.  None of 

the shortcomings by themselves renders the MOT design impossible for undergraduate; 

rather together they combine to perhaps distract attention from the central goal of 

studying the MOT itself possibly overloading the student on details related to the 

technologies.  The features we highlight will serve as a reference point to understand how 

the current VMOT design overcomes and simplifies the experiment to enhance education 

impact.

3. 1st Generation Possible Shortcomings

• MOT species: Rb. Shortcomings: The lasers required for a Rb MOT are in the near-

infrared, invisible to the eye.  Not only are there inherent difficulties presented to an 

inexperienced student to align six trap beams and an additional re-pump beam through 

a host of mirrors, polarizers, telescopes and beam splitters with the ultimate task of 

overlapping them all inside of a vacuum gas chamber:  this all has to be done with 

viewing cards (cards placed in the beam path fluoresce in the visible so the ‘beam spot’ 

is visible on the card to the eye) or by using clunky hand-held IR viewers.

• Laser trapping and re-pump system: Two ECDLs.  Shortcomings: Two lasers, the main 

trapping laser (split into 6 beams) and then one re-pump laser.  Each ECDL requires its 

own controls – temperature, current and grating control.  The tweaking and alignment 

required to properly tune two ECDLs increases the difficulty and consumes effort and 

time.

• Laser locking and stabilization system: A saturated absorption technique together 

with a custom-built electronic circuit.  Shortcomings: This and similar techniques can 

be very effective [3], but add considerable complications; both require additional 

reference gas cell spectroscopy and often some ‘dithering’ modulation to obtain error 

signals used to lock the laser to a desired frequency.  Experienced MOT users will all 

agree that obtaining and maintaining laser frequency lock is the most difficult and time 

consuming part of operating a MOT, particularly for beginners.  This doubly true when 

two lasers (trap and re-pump) must be simultaneously locked, since a failure of either 

one prevents the MOT from operating.

• MOT gas source: getter.  Shortcomings: None, this is the preferred method over some 

previous techniques such as using an atomic beam to load the trap.

5. Visible light and advantages/simplifications to the 

1st generation MOT design

New VMOT: Li. Advantage: The laser wavelengths required for a Li MOT are in the visible, 670 nm.  

While the involved alignment required will never be trivial, the beam is now visible.  There will be 

no need for viewing cards or awkward hand-held viewers; the beam will be visible on the optical 

components from the beginning so searching and straining to find, align and focus the beam is 

dramatically simplified [4,5].

New VMOT laser trapping and re-pump system: One ECDL.  Advantage: One laser is far easier 

than two to control and maintain.  Both trapping and re-pump frequencies are still required, 

however, even for the Li species.  The technological breakthrough and simplification here comes 

from the ability to modulate the current of a single laser, which creates two sideband frequencies 

(as in FM or frequency modulation) both carried in the one beam [ref.s 6].  By arranging for most of 

the original power to go into the sidebands, the sideband frequencies allow one beam to achieve 

both trapping and re-pumping.  Due to Li’s atomic structure (small hyperfine splitting) it is 

straightforward to add the necessary sideband frequencies.  This well-established technique 

provides a significant simplification: only one laser to lock and half as many beams to find, align 

and focus.  Electronic technological advances are considerable here too.  We will use a digitally 

synthesized RF generator (DDS, direct digital synthesis), where you type into a computer the 

frequency you want. 

New VMOT laser locking and stabilization system: Scanning transfer cavity lock (STCL) technique. 

[7].  Advantage: Typical laser locking techniques require a saturated absorption spectroscopy 

signal from an atomic vapor cell, plus often additional modulation or dithering to create an signal 

proportional to the offset from the desired frequency. With this signal, a (typically custom-built) 

electronic circuit feeds back to the laser to stabilize its frequency.  The gain and frequency 

response of the circuit must be tuned match to the specific laser system.  By contrast, the STCL we 

will use does away with the vapor cell, atomic signal, and electronic circuit.  This method instead 

uses a standard scanning Fabry-Perot Interferometer (FPI) and stabilized (<3 MHz) Helium-Neon 

(HeNe) reference laser, plus a software-based system for servo loop feedback.  Here, both the 

reference HeNe and Li 670 nm ECDL laser are fed through the FPI.  The output is monitored with 

simple photodiodes and the relative position change between the HeNe and Li transmission peaks 

indicates any type of drift or instability of the Li laser itself.  A computer program evaluates the 

changes in the Li laser frequency and provides feedback to the Li laser as needed to maintain the 

desired setting. 

New VMOT MOT gas source: we stay with the getter.  Advantages [8]:  This improvement was 

already a cornerstone of the 1st generation MOT. 

Figure of Merit for Demonstrably Improved Learning with the Visible, Simplified MOT
While all of these technical advantages we propose are well established, they have not been, to 

the best of our knowledge, used together as a central theme to simplify the operation of a MOT for 

educational purposes.  We have constructed table to highlight the advantages of the VMOT design 

over 1st generation MOT designs for the advanced undergraduate lab.

Now, how to FUND IT?
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4. Details of Li Atomic Structure [4]

and VMOT Experiment

Schematic of the Simplified Visible 

Magneto-Optic Trap Apparatus

• A radiofrequency oscillator modulates the current of a tunable laser diode, 

creating sidebands suitable for hyperfine repumping of 7Li atoms.

• The laser is stabilized relative to a commercial, frequency-stabilized Helium-

Neon laser, by simultaneously viewing both on a scanning Fabry-Perot 

interferometer cavity. 

• A dedicated computer-based data acquisition and control system provides 

feedback to stabilize the length of the cavity (by monitoring the HeNe

fringes) and the frequency of the diode laser (by monitoring its fringes). 

• Most of the diode laser’s power is sent to the ultra-high vacuum chamber 

where the atoms are trapped. 

• In practice the laser is split into 6 beams (3 orthogonal, counter-propagating 

pairs); here for clarity only 4 beams are shown. 

• Also shown are the magnetic field coils and a CCD camera to monitor the size 

and density of the trapped atom cloud.


