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Ramsey fringes

Ramsey fringes

Cs microwave clock transition
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Figure from S. Bize et al., J. Phys. B: At. Mol. Opt. Phys. 38 S449
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Quantum Monte-Carlo simulations

Quantum Monte-Carlo simulation

Decay of an excited state
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Optical Bloch equations

Optical Bloch equations
For X,Y,Z
OBE for the Bloch vector r = (X, Y, 2)

N L0 (1)
&~ Ax-Qz-qY )
7

‘:Tt X4+ QYT+ 2) (3)

Study of a useful case:
> Initial state |g): Z(0) = —1, X(0) = Y(0)=0
> Qreal: Q' =Q, Q" =0
» On resonance A =0
= X(t)=0



Optical Bloch equations

Rabi oscillations from Optical Bloch equations

Dynamics

» Equations for Z, Y:

dz

2 av-r1+2z 4
it (1+2) (4)
dy

9T _qz-4y 5
" ¥ (5)

> It follows that 9£(0) = 0.
» Equation for Z:

d’Z dZ
F+(r+7’)g+(§22+ry’)zz —ry (6)
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Optical Bloch equations

Rabi oscillations from Optical Bloch equations

Two regimes

d*z dz
W + (I' + ’Y/)i +

= (Q2+T+)Z =Ty

: Damped oscillations

=
Oscillation frequency Q' = 1/Q? ’Y

Damping at I'/2 where I =T ++/

> Q< r _27 1, Exponential decay at

:Wiw“ify—ﬂ2 (7)
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Optical Bloch equations

Rabi oscillations from Optical Bloch equations
Steady state

d2z dzZ
T+ =+ (R +TY)Z = -
> Steady state:
'
L= @iy ®)
Qr
o = iy )
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Optical Bloch equations

Rabi oscillations from Optical Bloch equations

Small coupling limit

We take v =0, 7' =T/2.
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Optical Bloch equations

Rabi oscillations from Optical Bloch equations

Close to critical coupling

We take v =0, 7' =T/2.
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Optical Bloch equations

Rabi oscillations from Optical Bloch equations

Medium coupling

We take v =0, 7' =T/2.
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Optical Bloch equations

Rabi oscillations from Optical Bloch equations
Strong coupling limit

We take v =0, 7' =T/2.
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Optical Bloch equations

Damped Rabi oscillations from QMC approach
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Applications

Saturated absorption spectroscopy

Level structure of rubidium

5P F,o=4
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63.4 MHz F=2
293MHz
780.24 nm
Fy=2 Fo_3
5512 5512 g
_ 6834.7 MHz 3035.7 MHz
F,=2
Fy=1
rubidium 87 rubidium 85
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Applications

Saturated absorption spectroscopy
Linear spectrum (intensity_on the detector)

Expected linewidth: — =6 MHz
2T
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Doppler broadening: Gaussian with o, = M/kB—T = 217 MHz
Figure from V. Jacques et al., Eur. J. Phys. 30, 921 (2009).
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Applications

Saturated absorption spectroscopy

Linear spectrum (relative absorption)

Expected linewidth: o = 6 MHz

™
85Rb,F, =3
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Frequency (arbitrary origin, GHz)
Doppler broadening: Gaussian with o, = %w / % =217 MHz

Figure from V. Jacques et al., Eur. J. Phys. 30, 921 (2009).
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Applications

Saturated absorption spectroscopy

Setup
(a)
MZ PBS s D M
Laser » Rb cell [I
%=780.24 nm M4
FPI
D1

Saturated absorption setup

Resonance for A = tkv

The velocity class v = 0 sees twice the intensity with respect to v # 0
= reduced absorption for A =0

Figure from V. Jacques et al., Eur. J. Phys. 30, 921 (2009).
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Applications

Saturated absorption spectroscopy

; M
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Saturated absorption spectroscopy: how many dips?

Figure from J. D. White and R. E. Scholten, Rev. Sci. Instr. 83, 113104 (2012)
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Applications

Saturated absorption spectroscopy

Spectrum

Saturated absorption spectroscopy: how many dips?

Figure from J. D. White and R. E. Scholten, Rev. Sci. Instr. 83, 113104 (2012)
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Applications

Saturated absorption spectroscopy

Spectrum: zoom on two lines

(b)

()

Absorption (a.u.)
Absorption (a.u.)

8TRb, Fy = 2 85Rb, Fy =3

400 600 800 1000 300 400 500 600 700
Frequency (arbitrary origin, MHz) Frequency (arbitrary origin, MHz)

8Rb, F=2 — F' 8Rb, F=3— F
6 narrow lines for each main line!
» v =0: 3 dips for the 3 real lines
> kv = %: a dip in between each pair of resonance lines
Figure from V. Jacques et al., Eur. J. Phys. 30, 921 (2009).



Applications

Dark resonances

Observation in a sodium vapor

Bright resonance

Dark resonance

Arimondo/Allegrini group [Alzetta et al
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Applications

Electromagnetically Induced transparency (EIT)

Absorption spectrum at high power

Absorption
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Autler-Townes splitting: two peaks split by Q»
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Applications

Electromagnetically Induced transparency (EIT)

Absorption spectrum at low power

Absorption

Absorption

10
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Q=01T

EIT: narrow dark window without absorption.
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Applications

Electromagnetically Induced transparency (EIT)
Real part of polarizability

Re(a)

> - - . . : Al 3% 33 o
-0.1F !

EIT: very large derivative of the real part of a.
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