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Table Top Experimental Physics
all in one room, small groups (2-6)
Typ: vacuum, lasers, electronics  

Traditionally – studies of atomic structure using 
precision (laser) spectroscopy.

Traditional techniques have started to interface with 
other areas in physics (mainly CM)

Today: A survey of the “frontier”. Some highlights.
Focus on ultracold atoms research.
Anything you would like to ask…
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Wikipedia: 

Atomic physics (or atom physics) is the field of physics that studies atoms as 
an isolated system of electrons and an atomic nucleus. It is primarily concerned 
with the arrangement of electrons around the nucleus and the processes by 
which these arrangements change. 

This includes ions as well as neutral atoms and, unless otherwise stated, for the 
purposes of this discussion it should be assumed that the term atom includes 
ions. As with many scientific fields, strict delineation can be highly contrived and 
atomic physics is often considered in the wider context of 
atomic, molecular, and optical physics. 
Physics research groups are usually so classified.

Do not believe everything that’s in Wikipedia!

http://en.wikipedia.org/wiki/Physics
http://en.wikipedia.org/wiki/Atomic%2C_molecular%2C_and_optical_physics
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External degrees of freedom:
position, momentum, trapping, many-body

Strong controllable interactions between atoms

Strong controllable interactions between atoms 
and photons/Quantum Optics

Quantum Information Science  

Other New stuff



UW Atomic Physics
Elementary Particle Theory – tested with atoms

Hans Dehmelt (Nobel, ’89)
Norval Fortson
Blayne Heckel
Tom Loftus

Optical Atomic Clocks
Warren Nagourney

Quantum Information
Boris Blinov

Ultracold Atoms/ Quantum Gases
Deep Gupta

Precision Mass Measurements
Bob Van Dyck

Ba+, In+
Variations in α 
(fine structure ‘constant’)

e-, e+, g-2, QED
At. PNC Tl EW Z0 boson
At. EDM Hg SUSY etc.

Ba+

Li, Yb (started Sep 2007)

m(3H-3He)



Single Ion Detection



2001 Hg EDM search (new one underway!)
6mW, 254 nm laser from 
quadrupled 1016 diode:

Vapor cells:
1014 Hg atoms
Coherence time 200 sec
Wall resistance > 1016 Ω

Spin precession signal:

Frequency uncertainty = 1 nHz

Prec. Freq. = 15 Hz

Result:
[−10.6±4.9stat. ±4.0syst. ] ×10−29

 

e cm
d(199Hg) < 2.1 x 10-28 e cm
Romalis, Griffith, Jacobs, Fortson

6S

6P

254 nm

~ 80 days data



Trapped ions = qubits

1 qubit

2 qubits
qubitqubit

Individual ions suspended
in free space

4 qubits
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err sig at
crossover err sig with feedback

locked err sig
(with integrator)

Example table-top project: Saturated Absorption Laser Spectrocsopy
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Quantum Degeneracy in a gas of atoms
1 atom per quantum state

Number of atoms =
(available position space) (available momentum space)

h3

n
(m kB T)3/2

h3
~   1

Dilute metastable gases n ~ 1014/cm3

Tc ~ 1μK   !! Ultracold !!

Air n ~ 1019/cm3, Tc ~ 1mK
Stuff n ~ 1022/cm3, Tc ~ 0.1K
Everything (except He) is solid

and ~ non-interacting

N  atoms
V  volume
T  temperature

(Δx)3 ~ V (Δp)3 ~ (m kB T)3/2

Quantum Phase
Space Density

(n=N/V)



Bose-Einstein Condensation (BEC)

N  atoms
V  volume
T  temperature

3
dB ~ 1nλ

3
dB >> 1nλ

N
V

n =
B

dB 2
h

k Tm
λ

π
=

3
dB << 1nλ

Quantum Phase
Space Density





Annual number of published papers, which have the words "Bose" and "Einstein" 
in their title, abstracts or keywords (ISI database). Reported at APS meeting of 
the Division of Atomic, Molecular, and Optical Physics.



room temp.
liquid Nitrogen

3He-4He dilution

BCS superconductors, 4He superfluid, CMB 
fractional quantum hall effect

dilute BEC

surface of sun

Joule-Thompson expansion

103

10-3

100

10-6

superfluid 3He

adiabatic demagnetization
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dilute Bp-wave threshold
(alkali)

(na3<<1, MF theory)

ABSOLUTE TEMPERATURE (log Kelvin scale)

zero-point energy of
gaseous condensate10-9

Nobel 1997

Nobel 2001



Laser Cooling ???



Laser Cooling ???

=> COOLING !

Energy gained < energy lost

Utilizing atomic internal degrees of freedom Alkalis are really nice



Magneto-Optic Trap (MOT)
100μK

Laser Cooling !!!

But the room 
is at 300K (!)



Evaporative Cooling

Magnetic field from current
carrying wires produce
harmonic confinement
for “weak-field seekers”

“Evap
Knife”



Imaging the Atoms

“false color”

Pulsed atom laser
106 atoms/minute





Quantum Engineering of Model Systems

• Density, temperature 100 millions times lower than regular
⇒ Accurate calculations possible
⇒ Can  complicate the system in a controllable manner

Quantum gases as a system to test “old”
and realize “new” condensed matter physics

Using e-m fields, can control (relatively) easily
Temperature & density

Dimensionality
Crystal structure – lattices

Magnetization
Magnitude & sign of the “charge”

Chemical structure – form molecules

Can completely isolate single particles in
“optical lattice” sites for interaction free studies



3mm

Example: Circular Waveguide for a BEC



Young’s double slit experiment

Wave Nature



50 μm

Cut one BEC,
get 2 !

Then let them
expand and

overlap



Macroscopic matter wave interference



λ = h/mv (de Broglie)
2πr = n∗λ

v∗2πr = n∗h/m 

λ
Rotating a SUPERfluid

BEC

Rotating
Lasers

Vortices





1 mm

No Rotation Rotation applied (~160 vortices)

Rotation of a BEC



Landmark achievements in ultracold atomic physics

Bose-Einstein condensation 
(JILA, MIT, Rice….)

Superfluid to Mott-insulator 
quantum phase transition 

(Hansch)

Macroscopic coherence 
(Ketterle)

Superfluidity / observation 
and study of a vortex lattice 
(Dalibard, Ketterle, Cornell)



Different Quantum Matters

decreasing 
temperature

classical gas cold



Different Quantum Matters

• non-interacting fermions: Pauli blocking

• interacting fermions: BCS-like superfluidity

• mixtures of Bose and Fermi gases

BEC

classical gas cold

T = 0

Fermi Sea Fermi
Energy

decreasing 
temperature



Degenerate Fermi gas

Molecular Bose-Einstein condensate

Superfluidity of Fermi pairs
(Jin, Hulet, Ketterle, Grimm)



Choice of Atoms



Choice of  Ultracold Atoms



2005 – Glauber, Hall, Hansch

2001 – Cornell, Ketterle, Wieman

1997 – Chu, Phillips, Cohen-Tannoudji

1989 – Dehmelt, Paul, Ramsey

1981 – Schawlow, Bloembergen

1966 – Kastler

1964 – Townes, Basov, Prokhorov

1955 – Lamb, Kusch

1944 – Rabi 

Study and control of
internal degrees

Improved spectroscopy
- Lasers

Study and control
of external degrees

Improved spectroscopy
- Frequency combs

Nobel Prizes in AMO Physics
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