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About Steck Lab , : 3 | UCORE Fellow Contribution

. Steck Lab is on the cutting edge of physics and quantum mechanics research, but there is always room for help from
Abstract * § undergraduate students. UCORE Fellows and other undergrads posted in the lab were tasked with building and

II. Measurement of the Casimir-Polder Force

Atom optics requires heavy use of lasers to trap, cool, and perform other precise operations on
materials with widely varying optical properties. Diode lasers have come into favor due to their low
cost and small size, but they are difficult to control and require complex electronic equipment to
produce a useful laser beam. Once a laser is locked to a desired frequency, it can be used to perform
experiments on atoms on a quantum scale. Steck Lab, which has been working with Rubidium atoms
for several years, has recently begun work on Strontium atoms as well since they can be used to
precisely measure quantum effects like the Casimir-Polder force. However, the precision of Strontium
reflects the necessary precision of the equipment needed to manipulate it, so the lab has had to
redesign their experimentation to better accommodate its use. This research has applications in
Quantum Information Processing, Nanotechnology, and the improvement of Atomic Clocks.

The Casimir-Polder Force |
Surface Optical

I[. The Casimir Effect Lattice

a. Vacuum Fluctuations (VFs) exist in electromagnetic Vacuum
fields due to the Heisenberg Uncertainty Principle. Fluctuations
. VFs interact with matter and can have any frequency.
. Only VFs that create a standing wave may exist
between objects due to surface boundary conditions.
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. There is greater pressure on the outside of objects so )
they experience a force that pushes them together.

Net Force

. : All
a. As an atom is brought close to a surface, there is a Frequencies

shift in its energy and resultant absorption spectrum. Standing Waves Allowed
b. Change in the Strontium spectrum is used to Only
determine magnitude of the Casimir-Polder force.
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Methods

1. Contain Strontium atoms in a Magneto-Optical Trap (MOT) and load them into an Optical Lattice.
« MOT uses light and magnetism to trap and cool groups of atoms.
« Optical Lattice uses light interference patterns to hold atoms individually in tiny potential wells.
2. Place the atoms near a surface by displacing the optical lattice.
 Here the surface is a dielectric material or metallic plate. MOT in the Lab
3. Observe changes in atom energy levels associated with

the Casimir-Polder force.
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Image Source: http://en.wikipedia.org/wiki/Magneto-optical_trap Image Source: http://www.physics.umd.edu/rgroups/amo/rolstonwebsite/bec.htm

troubleshooting several key systems designed to control diode lasers to be used in future Strontium based experiments.
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f Fabry-Perot Cavity ~Master Laser Driver -
a
Lasers should emit a single, narrowigand frequency range of | This is the.main control board responsible for+decking a diode
light, but poorly tuned diode lasers can lase irregularly over a | laser to a precise frequency. This equipment has high cost
broad spectrum (multimode lasing), rendering«them useless [ and low availability commercially so Steck Lab chooses to
to precision experiments. An FPC is used to identify | design and assemble their own custom drivers. This also
improperly tuned laser output. & » | allows for greater control over specialized experiments.

1. An incident light wave enters the cavity and reflects SV | sV Power

G AV o R - U -
| o N S TS ] R - Alodine Coated
- b - \ ' ‘ e i .
A £ o - - -
0 \ g il O Aluminum for
utput to N E B T
P e, 4 . RF Shielding
Oscilloscope =) oo — — A
Current v ' ek
" - ’j % ’ I‘
b 4ot -;h-ln:i . ' Rl - ,~°;: R e e ..
£ .’TL,_'.J ~u L -} it - g = - v g E3 RouL S8 a3 -
3 2 Yo ~ A L3N 2L -- e Wa e % 0 G 1 — w e -
S e e T €1 AU T & s ¥ oo e 5..'[% Z) .' o — :’ "‘\’:yﬂi ‘ (fﬂ,‘ “
. e i 0 e TE LN .
=3 U 2 \s = Ko 1K * 'Un 5("-_ 's-,
* ) 3 o T p
& W2 -:ﬁ i F (.1 i 5 i zl,u:u' e ) ™ ; “.' 5 - » g7 v &

Temperature
Control

. If cavity length is a-half-integer wavelengthif the incident
light, the waves will constructively interfere and reach high W = OoE o e Rt AR )
Frequency i e e = I TTE S i Fal B Lata- Control

intensity, which leaks from the cavity to a photodiode. | Lockbox Interface
(Hidden)

Voltage Driver Sections:
Registered I. Temperature Control
a. Prolongs life of laser diode. &
. If cavity length does not satisfy d=r#2, reflected waves B, Maintains stable and adjUstable frequency output.
will eventuﬁly destructively interfere with incoming waves, | II. Current Supply
resulting in near zero intensity. a. Precisely controls voltage and current dra&
b. Fast modulatigifof current for frequency rection.
III.Frequency Lockbox
a. Complex P-I-D feedback circuit.
No Voltage b. Allows frequency locking by angzing detector inputs
Registered and smodulating signals to the Current Supply, Fabry-
Perot Cavity, and other equipment.

Waves Add to Zero

. By scanningione of the mirrors back and forth with a
piezomechanical ring zictuzcor, we can detect the optical
modes comprising a laser beam and correct the output. Nex&StePS -

. Lock a laser to a sample of Rubidium atoms to test full
functionality of the master laser driver.

. Interface driver with newly designed lasers and other
equipment specific to Strontium experiments.

. Perform final rations to Frequency LockboXx and lock
the laser to a Strontium sample.
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