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1. Why do we study atoms?

2. What is atomic spectroscopy?

3. What is a frequency comb?

4. Why Lithium?

5. What have I worked on this year?



We study atoms because…

• Atoms are relatively simple

Good theoretical understanding of atoms

We can make models and calculations

• We can control them well by use of lasers

Extreme accuracy of measurements serve       

as tests of our understanding
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We study atoms because…

• Atoms are relatively simple

Good theoretical understanding of atoms

We can make models and calculations

• We can control them well by use of lasers

Extreme accuracy of measurements serve       

as tests of our understanding

• Fundamental constants – are they changing?

• General relativity 

• Weak interaction q

• Quantum electrodynamics

High-precision experiments provide tests of fundamental physics
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• Spectroscopy – the use of light emission and absorption to study 

matter

• First, we excite an atom using light

• Energy of a photon proportional to frequency (color); E=hν
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• Spectroscopy – the use of light emission and absorption to study 

matter

• First, we excite an atom using light

• Energy of a photon proportional to frequency (color); E=hν

How do we study atoms?

No Transition

Light Source e



Light must have the right frequency to result in a transition
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How do we study atoms?

• An atom in the excited state then decays, producing 

fluorescence

• We detect the light using a photomultiplier tube (PMT)

• Intensity of the light indicates the population of atoms in 

the excited state
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How do we study atoms?

• We measure the frequency (color) of the light 
that causes transitions

• Strongest transitions are in visible region 



How do we study atoms?
• However, frequencies of light are very high – on 

the order of 

400,000,000,000,000 Hz

• Modern electronics can only respond at about

10,000,000,000 Hz

• To get around this, we use “interference” to 
produce a measurable frequency



Interference

• The rate of a beat is the difference of two frequencies – it  

results from the interference of two slightly different 

frequencies 

• We hear this as a periodic variation in volume

• If you know one frequency and you know the beat 

frequency, then you can determine the second frequency

• By interfering frequencies of visible light, we get a beat 

frequency that is in the radio range – this is measurable

time
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I



How do we measure frequencies of 

light?
• We make a “light ruler”

• This structure is called an optical frequency comb – a set 
of equidistantly spaced spectral lines

• By interfering different colors in the comb, we can 
produce radio frequencies that we can control

Ruler: Number of ticks

Offset 

Spacing between ticks 

Optical Frequency Comb: Mode number

Offset frequency 

Frequency spacing 

Comb Equation: n = n frep+ f0



Why lithium?
• It is simple (like a noble gas and an electron)

• Since it is simple, theory is good

• Two stable isotopes

• Disagreement among previous measurements



Why lithium?
• It is simple (like a noble gas and an electron)

• Since it is simple, theory is good

• Two stable isotopes

• Disagreement among previous measurements

Alkali metals
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Theory has small error bars
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Theory has small error bars

• Error bars for theory are very small – experiment should 

be able to do better than current measurements

• Possibly incorrect data analysis or systematic effects
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Experimental Setup



• A diode laser is stabilized to the frequency 

comb  

• Frequency of diode laser is known and 

controlled

Experimental Setup



Single-frequency laser

laser diode

laser cavity

controls cavity length
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• These graphs show where 

resonances occur

• Different functions are 

used to fit the raw data 

• Still have unexplained 

bumps in the fits

Recent Data
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• How does signal 

size change as we 

vary laser power?

• As we lower the 

power, the peaks 

disappear

Peak Amplitude vs. Power
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Future Work

• Model Spectra

• Analyze Data

• Investigate polarization angle
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How do we make a frequency 

comb?

• The comb is produced by a series of ultrashort pulses

• Phase coherence of the pulses leads to interference and 

the generation of an optical frequency comb.

• Pulses are produced by a modelocked laser

t

E(t)

 ~10-14 s

t ~10-9 s



Frequency Comb
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Interference

• What’s the frequency?

Frequency # 1:

Frequency # 2:

440 Hz

• If one frequency is known

→ Interference can give you the second

Frequency # 1 +  Frequency # 2:

• Frequency of beat note is difference of two frequencies

• Do the same thing with optical frequencies

Optical Frequencies Interfere → Radio Frequency Beat Note



How will the new nozzle improve the data?

Old nozzle:  peaks 

are less resolved 
New nozzle: more  

structure observed 



How do we make a frequency comb?

Pump

M1 M2

OCM3

lens



Other changes since old data

• Lithium supply in oven has been replenished

• Earth’s magnetic field at center of oven has been 

compensated with coils

• Improved laser stability 



Old Nozzle …



• Longer than the old nozzle

• Will provide a more 

collimated atomic beam

…New Nozzle!
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