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 Experimental implementation
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Raman pulse generation

780݊݉

ݖܪܯ300+

ݖܪܩ2.7−

ECDL : external-cavity diode laser
PBSC : polarizing beam splitter cube
TA : tapered amplifier
OSA : optical spectrum analyzer
BSh : beam shaper and focusing lens
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Spectral filtering - carrier wave removal
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Spectral filtering – unwanted sideband removal
Mach-Zehnder interferometer

EOM

߱ିଵ ߱ଵ

maximized when 
phase difference of two path : ߜ ߱ିଵ = 0, ߜ ߱ଵ = ߨ

refractive index depends on the temperature
destructive interference

constructive interference
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Raman velocimetry
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Timing diagram of experiment

cooling velocity distribution
measurement
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Result

(3.2 ± ܭߤ(0.4

(21 ± ܭߤ(2

(10 ± ܭߤ(1

4.8 ± 0.5 ܭߤ
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Advantage
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Cooling atoms with microwave

It is impossible to cool atoms with microwave analog to magneto 
optical trap. Because fast spontaneous emission is a crucial part 
of MOT for initializing atoms and removing entropy of the atoms.

There is a paper about cooling an artificial atom with microwave.
Principle of their method is the same as optical cooling of 
trapped ion.
Valenzuela, S.O. et al. Microwave-induced cooling of a 
superconducting qubit. Science 314, 1589-1592 (2006)


