Atom-Light Interaction: Multi-Level Atoms

Starting point — the Hydrogen atom
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Cartesian basis:
(real-valued)

Spherical basis:
(complex-valued)

<2




Atom-Light Interaction: Multi-Level Atoms

This finally gives us 2, in the spherical basis:

End math preamble

Back to the Matrix Elements
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This finally gives us 2, in the spherical basis:

End math preamble
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This finally gives us 2, in the spherical basis:
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End math preamble

Back to the Matrix Elements
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The matrix element = overlap integral of the form

Vll = <'\'£'Wl‘ I VCX+'V‘2.M>

«< faﬁl" d?mfe—’m'(ﬂ Al

m&

Vexs

—

(VA (P ) gl

where the wavefunctions @, (7)= Rno(r) Y, (8.9)

-

= {nlw' | Vg [Inm)

= R« f oy (V) (R (P Tt v

radial angular integral
integral

Thus, to within a constant factor

= {g'w| \/9 "“*+£-1)g’y‘ﬁ e emy = vF
From the RWA, we know the resonant terms are
N Ry = 12'm)

__f— 12> = ]E'Wl'>

, 115 = 18m)>




Atom-Light Interaction: Multi-Level Atoms

The matrix element = overlap integral of the form
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The matrix element = overlap integral of the form
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The matrix element = overlap integral of the form
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Clebsch-Gordan coefficients

Next: We can understand this as conservation of
angular momentum when a photon is absorbed

or emitted

Selection Rules for Electric Dipole
Transitions
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Reminder: Addition of Angular Momenta
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Conservation of
Angular Momentum
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My+M, =M

Going back to the matrix element, V, =0

when [13> combined w/|2m? is consistent w/ [¢'m' >

4 4 4

“photon” AM ground state AM excited state AM
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The corresponding Selection Rules are

L'-2 =011, w-m=¢g, §=0*1

Combining with the Parity Rule, this gives us the

Electric Dipole Selection Rules




