The pump — probe

Feynman and ladder diagrams:
Third order term:
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Why 2" terms?

* Take three generic fields E,, E,, E.

* Atinstant t; all of three caninteract with the
bra or ket part of the system: 6 ways

* Attime t,, two remaining fields can interact
on bra or on ket: 4 ways

* At time t3, one remaining fields can interact
on bra or on ket: 2 ways

6 x4 x 2 =48 total ways

- Time ordering
23 = 8ways - Resonance Condition (Bhor)
- Boltzmann factor
(departing state must be populated)



From Feynman to correlaction function

I G(t) = UAUT = e7twoat-Tt Free-evolution super-operator
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Oscillating coherence
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4-wave-mixing experiments: 2D spectra intime domain

Full control on relative electric
fields time delays!
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2D spectra in frequency domain

Fabry-Perot etalon

Narrow band pump
. Kgig Repn = —Ky +k; + k3

+
Ksig NoN—rREPH = K1 —K; + K3

Loss in time resolution

Broadband probe

Ksig = Krgpn + Knon rEPH = 2K3

* Firstdue interaction are in space and time overlapped Esic

e Within the signal is not possible to distinguish between rephasing and non v.. 1 t
rephasing parts o>=<0

* The signal is emitted along the direction of the probe: E,
Self-heterodyne detection: probe beam acts as a 1< 0||"~

carrier wave for the weak signal from the system.
You do not need an extra local oscillator (necessary for

time domain experiments). i /Il > 1
1
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Transient grating

The first 2 fields are overlapped in
time but not in space:

they create a grating on the
sample spot which decays along

_ with time (impulsive limit).
ko =tk — ki, + k. (imp )

ksig = Kyon rePH

* An equivalent transient grating signal is emitted along the rephasing and the non-
rephasing directions. In the forth direction of the square only the NR partis
recorded (box car geometry).
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Photon echo
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E, and E; are overlapped in space and time
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Coherence evolution
dephasing
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Polarization (Bloch) vector
As Magnetization vector in NMR
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