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Time Dependent Perturbations and
Fermi's Golden Rule

Time-dependent perturbation on time-independent
Hamiltonian

W)= Yok VIZ)

* AC (classical) electromagnetic fields: absorption and
stimulated emission

* Slowly varying fields: the adiabatic theorem and Berry's
phase

* Rapidly varying fields: the sudden approximation

* Turning on interactions and watching the decay of excited
states

- Excited atom + coupling to electromagnetic waves =
decay rate via photon emission

- Uranium nucleus + transmission through Coulomb barrier
= alpha-decay rate

- Electron on quantum dot + hopping to lead = metastable
state

- Electron-hole excitation of noninteracting electron gas +
e-e interactions = Quasiparticle lifetimes
[No actual time dependence! Need to start without
interactions: will use formal trick

V(t) = lim_eta->0 V exp(eta t) ]
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Resonances

We used the growth of c_n”1(t) to derive Fermi's Golden Rule,
telling us how the state li > decays with time; it decayed with a rate
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WHEE hdipens to ¢_i(t)? Is probability conserved? Today welll
see that the state li > can be described as an eigenstate with a
complex energy...
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Cirst order perturbatron theory

(2) 1k
A= LEieariEn Complex .

Q° What does this haveto do with Hhe decoy rate
(Fenmi ‘s Golden Rule :
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Q: What is fhe full width ot ha € maimam ok His curve ©

A! When IU %I ryﬁ e he:gk'fls half I'rmx So
l’/‘; FWHM

* Decaying states are not energy eigenstates!

* They are resonances -- with complex energies including the
decay rate as the imaginary part

* Above is 'physicist's derivation'

* More mathematical approach: analytic continuation, ...



