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Taiwan from google map
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What is spectroscopy?

Energy

Intensity

What are the important issues?  
Line position, Intensity and Shape
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Energy

Intensity

When/Where does it start?
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Black body radiation

E = nhν

The dawn of Quantum Mechanics!
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High resolution laser spectroscopy

Bohr Model
L = nħ
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High resolution laser spectroscopy

H a line
n=3 n=2



102008/12/28

Schrodinger Equation :     HΨ = EΨ  Wavefunctions and Eigenvalues

Spin Orbital interactions  

Transition Probabilities, Selection Rules

High resolution laser spectroscopy

E (n,j)

2s 2S1/2, 2p 2P1/2 are degenerate.
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Lamb Shift QED

It provided a high precision verification of theoretical calculations 
made with the quantum theory of electrodynamics.
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NIST ‘Quantum Logic Clock’

The ratio of aluminum and mercury single-ion optical clock frequencies

νAl+ /νHg+ is 1.052871833148990438(55),

High resolution laser spectroscopy

5.2x10-17
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Quantum Phenomena of atoms

Atomic Spectroscopy
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Atomic Spectroscopy

High-Precision and High-Resolution Laser Spectroscopy
on Magneto-Optical Trap of Cesium Atoms

Differential Saturation Absorbtion Spectrum
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High-Precision and High-Resolution Laser Spectroscopy

AntiAnti--Helmholtz CoilsHelmholtz Coils

Magneto-Optical Trap of Cesium atoms
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Energy level diagram
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Experimental Setup
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Visible Cs MOT
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3/ 2 5/ 2

8

Visible Cs MOT :
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Data Acquisition by External Scan
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Atomic Transitions
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Electromagnetically Induced Transparency
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Results
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Probe power vs. Probe detuning
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Calibration procedure
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Frequency Comb

∆ν/ν = 1 x 10-12
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Trap LossTrap Loss
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Decay fluorescenceDecay fluorescence
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Chop ModeChop Mode
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Suppression

2
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Suppression & Recovery
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Suppression & Recovery
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Power dependencePower dependence
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Linewidth vs. coupling Rabi frequencyLinewidth vs. coupling Rabi frequency
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Quantum Phenomena of atom-atom
interactions

Molecular Spectroscopy
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Vibrational Mode

Eigenvalues of Harmonic Oscillator
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Ar+ Laser
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Ti:Sapphire detuning (cm-1)
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Laser Spectroscopy:

The third and fourth 1∆g states of Na2

: a pair of twins
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Wave-functions sharing

The third and fourth 1∆g states of Na2 : a pair of twins
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The third and fourth 1∆g states of Na2 : a pair of twins
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Analysis of
15 g state∆
15 g state∏
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The standard deviations excess the systematic accuracy!!
～～0.03cm0.03cm--11

Is there something wrong!? 

Least square fitting for Dunham Coefficients

15 g state∆ 15 g state∏
10.27 cmσ −= 10.39 cmσ −=
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Corrected Description

0
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for e parity
for f parity

δ
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qυ0q µ Corrected Constant
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Splitting constantsSplitting constants

51Δg： Least Square Fitting
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R. Y. Chang, T. J. Whang, C. P. Cheng, and C. C. Tsai ,J. Chem. Phys. 123, 224303 (2005). 
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Splitting constantsSplitting constants

51Πg： Least Square Fitting
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6d, 7d, 8d states1
g∆
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q0[J(J+1)-Λ2]

qv[J(J+1)-Λ2](v+1/2)

Separation constants as a function of n in nd1∆g
states
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Summary
Using high-resolution Laser spectroscopy

Electromagnetically induced transparency and
de-coherence effects due to laser linewidth
have been observed in Cesium atoms

Electronic orbital angular momentum L uncoupled 
from its internuclear axis and
Molecular wavefunction-mixing and 
amplitude-sharing between the twins states 
(same symmetry) of Sodium dimer have been observed
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