Phys 4061/5061 — Tutorial Two

Details Pertaining to laboratory experiments covered in this tutorial can be found in the lab
manual under the following sections

1. Absorption/Emission Spectroscopy/EOM
2. Lockin

3. Zeeman Shift
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For both fluorescence and absorption, the atomic line shape
will be Gaussian with a FWHM of about 500MHz
AAbsorption Signal Fluorescence Signal
| A
o
I
| |
| |
| |
, |
0 . 0 ,
Vo A% Ve v
Natural Linewidth
4 v
2 > T
A f N
I
I
I
VL Vo : <+— I
I
|
I
v 1
1 Vo \Y

T, ~ 27ns (radiative lifetime)
Iy = Ay = 1/1,= 3.7 x 10" s (radiative rate)
I'n=TI/2n=5.9 MHz (natural linewidth)

Note: 2nv, = mq

I'y is the intrinsic atomic line width defined by the uncertainty principle.
Goal: Use ECDL with linewidth Av; ~ 1MHz to do Doppler Free Spectroscopy, ie. measure intrinsic atomic
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Atoms absorb or emit light over a wide range of frequencies because of the Maxwell Boltzmann velocity
distribution that describes thermal motion.

A. Consider the case where o > o,
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« Atoms moving along +x with certain velocity will see o, redshifted onto resonance
« Because of Maxwell Boltzmann velocity distribution atoms with appropriate velocity will absorb/emit
light

V' -V, = 2(Vy/c)v, whee dv = V' - v, is the Doppler shift and v, is the natural (resonant) frequency
A= m - o, is the detuning of the laser

dv/v, = £(V,/C) is the fractional Doppler Shift

dw=xkv, where k = 2nt/A

B. Consider the case where o, < oq
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« atomalong -x will see laser blue shifted into resonance

If |A| is the same, the velocity class in A) and B) correspond to atoms with same speed moving in opposite
direction

Doppler Free Spectra
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Collimating Slits Probe

« collimate atomic beam
e measure probe absorption — spectrum is Doppler free transverse to atomic beam
« note that such a system is not compact or easy to maintain

Alternative Techniques
e Use saturated absorption spectroscopy in vapour cell
« atoms have Maxwell Boltzmann velocity distribution
« obtain Doppler free resonances ~ I'y in width
« pump and probe derived from the same laser
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Decrease in absorption in presence of

B /
<_/ pump when laser is on resonance.
Decrease because atoms are
pumped into excited state.
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The velocity class that interacts with
pump and probe is the zero velocity
class.
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Resonance obtained

by subtracting I
photodiode signals



